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C-reactive Protein Overexpression in the Background Liver of Hepatitis B 
Virus–Associated Hepatocellular Carcinoma Is a Prognostic Biomarker

Jin Ho Shin · Eunsil Yu 
Eun Na Kim · Chong Jai Kim

Department of Pathology, Asan Medical Center, 
University of Ulsan College of Medicine, Seoul, 
Korea

Background: Chronic hepatitis B virus (HBV) infection is a leading cause of hepatocellular carci-
noma (HCC). Peripheral blood C-reactive protein (CRP) concentration and CRP overexpression in 
HCC cells are proven to be prognostic markers for HCC, but the significance of CRP expression 
in non-neoplastic hepatocytes, which are the primary origin of CRP, has not been studied. This 
study was conducted to determine the clinicopathologic significance of CRP immunoreactivity in 
the background liver of HBV-associated HCC. Methods: CRP immunostaining was done on tissue 
microarrays of non-neoplastic liver tissues obtained from surgically resected, treatment-naïve 
HBV-associated HCCs (n = 156). The relationship between CRP immunoreactivity and other clini-
copathologic parameters including cancer-specific survival was analyzed. CRP immunoreactivity 
was determined using a 4-tier grading system: grades 0, 1, 2, and 3. Results: CRP was positive in 
139 of 156 cases (89.1%) of non-neoplastic liver in patients with HCCs: grade 1 in 83 cases 
(53.2%); grade 2 in 50 cases (32.1%); and grade 3 in six cases (3.8%). The patients with diffuse 
CRP immunoreactivity (grade 3) had decreased cancer-specific survival (p = .031) and a tendency 
for shorter interval before early recurrence (p = .050). The degree of CRP immunoreactivity correlated 
with serum CRP concentration (p < .001). Conclusions: CRP immunoreactivity in non-neoplastic 
liver is a novel biomarker for poor cancer-specific survival of HBV-associated HCC and correlates 
with serum CRP concentration.

Key Words: Carcinoma, hepatocellular; C-reactive protein; Hepatitis B virus; Immunohistochemistry; 
Prognosis
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▒ ORIGINAL ARTICLE ▒

Acute-phase reactant C-reactive protein (CRP) is primarily 
synthesized by hepatocytes in association with inflammation.1 
Pro-inflammatory cytokines interleukin (IL)-6 and IL-1 upregu-
late CRP transcription,2,3 and chronic inflammatory conditions of 
infectious (e.g., bacteria, virus) and noninfectious origins (e.g., 
toxins, obesity) provide the microenvironment for carcinogenesis 
primarily by inducing instability of the cellular genome.4,5 Inflam-
matory cellular infiltrates induce the pooling of pro-inflammatory 
cytokines and oxidative stress at the site of inflammation. Com-
mon molecules involved in inflammation-induced carcinogene-
sis include prostaglandins, nuclear factor κB, and cytokines. 
The prognostic significance of CRP blood level has been shown 
in several human malignancies such as hepatocellular carcinoma 
(HCC).6,7 CRP-based risk assessment algorithms, combined with 
other parameters such as absolute neutrophil count and blood 
albumin level, also serve as prognostic indices.8-10

HCC is a viral infection–associated cancer posing a significant 
health-care burden worldwide.11 We have shown that CRP 
immunoreactivity in HCC cells is a prognostic marker of treat-

ment-naive HCC.12 However, the clinicopathologic significance 
of CRP expression in non-neoplastic background liver, which 
should be the primary origin of CRP, has not been studied. We 
postulated that CRP expression in non-neoplastic liver would have 
pathobiological meaning because the liver is primarily respon-
sible for CRP synthesis. Chronic infection by hepatitis B virus 
(HBV) is a leading cause of HCC, and this study was conducted 
to determine the clinicopathologic significance of CRP immuno-
reactivity in non-neoplastic liver tissue in HBV-associated HCC 
cases.

MATERIALS AND METHODS

Patients and tissue samples

A total of 156 cases of surgically resectable (R0) HBV-associated 
HCCs was retrieved from the files of the Department of Pathology, 
Asan Medical Center, Seoul, Republic of Korea. A tumor recur-
rence within 2 years after surgical resection was defined as early 
recurrence. The patients have provided written informed con-
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sent, and this study was approved by the Institutional Review 
Board of Asan Medical Center,  Seoul, Republic of Korea (S2011-
0931). 

Tissue microarray and immunohistochemistry

Tissue microarrays (TMAs) were generated using paraffin 
blocks of formalin-fixed liver tissues. The hematoxylin and eosin–
stained slides were reviewed to select the regions for TMA con-
struction, and 2-mm-thick tissue cores were obtained in duplicates 
from the donor blocks and transferred onto the recipient blocks. 
From each TMA, 4-μm-thick sections were obtained, and sub-
sequent immunohistochemistry was done. For CRP immuno-
histochemical staining, a rabbit polyclonal anti-CRP antibody 
(Abcam, Cambridge, UK) was used at 1:1,000 dilution. The 
sections were placed on silanized slides, and heat-induced epitope 
retrieval was performed by treating the slides with Cell Condi-
tioning 1 buffer for 32 minutes in a BenchMark XT automatic 
immunostainer (Ventana Medical Systems, Tucson, AZ, USA). 
An OptiView DAB IHC Detection Kit (Ventana Medical Systems) 
was used for the detection of signal. Evaluation of the immuno-
reactivity was done by a pathologist (C.J.K.), who was blinded to 
clinical information, using a 4-tier grading system: negative as 
grade 0; positive in less than 10% of tumor cells as grade 1; 
positive in less than 50% of tumor cells as grade 2; and diffusely 
positive in more than 50% of tumor cells as grade 3.

Statistical analysis

For statistical evaluation of the significance of the clinicopath-
ologic parameters, the analyses of noncontinuous categorical vari-
ables were done using linear by linear association (chi-square test 
for trend). We also used logistic regression analysis for multi-
variate analysis of statistically significant variables in univariate 
analysis. The relationship between serum CRP level and liver 
tissue CRP immunoreactivity was analyzed using Spearman 
correlation analysis and displayed using dot plot. The Kaplan-
Meier method and Cox regression analysis were used in the survival 
analysis. SPSS ver. 18.0 software (SPSS Inc., Chicago, IL, USA) 
was used for all statistical analyses.

RESULTS

CRP immunoreactivity in liver tissues

CRP expression was observed as cytoplasmic immunoreactivity. 
Immunoreactive CRP was found in 139 of 156 cases (89.1%), 
and 17 cases (10.9%) were negative. Among CRP-positive cases 
(n = 139), more than half (n = 83; 59.7%) showed grade 1 immu-

noreactivity, followed by the cases with grade 2 (n = 50, 36.0%) 
and grade 3 (n = 6, 4.3%) immunoreactivity (Fig. 1). The patient 
demographics and the relationship between CRP immunoreac-
tivity and other clinicopathologic parameters are summarized in 
Tables 1 and 2. Among the clinicopathologic parameters analyzed, 
tumor size and serum CRP concentration significantly varied 
according to CRP immunoreactivity (p < .001 and p < .005, respec-
tively). Serum CRP concentration (median, 0.135 mg/dL; range, 
0.03 to 6.95 mg/dL) showed a positive linear correlation with CRP 
immunoreactivity (p < .001; rho = 0.513) (Fig. 2). The number 
of tumors (p = .058), serum α-fetoprotein level (p = .056), and 
Edmondson-Steiner histologic grade (p = .055) also tended to 
be different depending on the grade of CRP immunoreactivity.

Of note, CRP immunoreactivity grade 3 was exclusively as-
sociated with the presence of satellite nodules (p < .005). Fur-
thermore, the patients with CRP immunoreactivity grade 3 
showed significantly shorter cancer-specific survival (median, 89.3 
months; range, 5 to 104 months) compared with CRP-negative 
or nondiffuse immunopositive cases (median, 60.7 months; range, 
8 to 100 months; p < .05) (Fig. 3A). Early recurrence occurred in 
63 cases (40.4%). Recurrence-free survival tended to be different 
between strong and diffuse immunopositive cases (grade 3) and 
CRP-negative or nondiffuse immunopositive cases (grades 0, 1, 
and 2). The CRP grade 3 group tended to have shorter time before 
recurrence (median, 37.8 months; range, 2 to 100 months) than 
CRP-negative or nondiffuse immunopositive cases did (median, 
67.4 months; range, 2 to 103 months; p = .050) (Fig. 3B).

Multiple logistic analysis showed serum CRP level greater than 
1 mg/dL to be independently correlated with high CRP grade (p = 

.017; odds ratio, 12.229; 95% confidence interval, 1.573 to 
95.087), whereas tumor size greater than 5 cm and satellite 
nodule presence are not (Table 3). Kaplan-Meier survival curves 
demonstrated shorter survival period in satellite nodule–present 
group (median, 34.0 months; range, 17 to 64 months; p < .001) 
(Fig. 3C) and vascular invasion–present group (mean, 77.4 months; 
range, 67 to 88 months; p = .001) (Fig. 3D). Cox regression 
analysis results suggest that the presence of satellite nodule is 
an independent factor affecting cancer-specific survival (Table 4). 
Vascular invasion and high-grade CRP immunoreactivity might 
have independent influence on survival rate; however, statistical 
significance was not observed.

DISCUSSION

The primary findings of this study are as follows: (1) CRP 
expression is relatively common in the background liver tissues 
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Fig. 1. Cytoplasmic C-reactive protein immunoreactivity in non-neoplastic hepatocytes in treatment-naive, surgically resected HBV-associat-
ed hepatocellular carcinoma cases. Immunoreactivity was determined using a 4-tier grading system: A–B, grade 0; C–D, grade 1; E–F, 
grade 2; and G–H, grade 3. 
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in HBV-associated HCC cases (89.1%); and (2) there is an inverse 
relationship between diffuse and strong CRP immunoreactivity 
and cancer-specific patient survival (p = .031). Notable variables 
significantly associated with CRP immunoreactivity also included 
tumor size, presence of satellite nodules, and serum CRP con-

centration. 
Hepatocellular carcinogenesis represents a classic model of 

viral etiology, and HCC is among the major causes of cancer-
related mortalities.13 The prevalence of hepatitis virus infection is 
relatively higher in East Asian countries. Chronic HBV infection 

Table 1. Clinical parameters and their relationship with CRP immunoreactivity

Clinical parameter CRP grade 0 CRP grade 1 CRP grade 2 CRP grade 3 p-value 

Sex .590

   Male 10 (6.4) 63 (40.4) 37 (23.7) 4 (2.6)

   Female 7 (4.5) 20 (12.8) 13 (8.3) 2 (1.3)

Age (yr) .764

   < 60 14 (9.0) 60 (38.5) 36 (23.1) 5 (3.2)

   ≥ 60 3 (1.9) 23 (14.7) 14 (9.0) 1 (0.6)

Tumor size (cm) .000

   < 5 17 (10.9) 67 (42.9) 31 (19.9) 3 (1.9)

   ≥ 5 0 16 (10.3) 19 (12.2) 3 (1.9)

Serum AFP (ng/mL) .056

   < 400 40 (25.6) 29 (18.6) 26 (16.7) 16 (10.3)

   ≥ 400 24 (15.4) 11 (7.1) 5 (3.2) 5 (3.2)

Serum CRP (mg/dL) .002

   < 1 12 (7.7) 43 (27.6) 28 (17.9) 2 (1.3)

   ≥ 1 0 3 (1.9) 5 (3.2) 3 (1.9)

BCLC stage .497

   A 17 (10.9) 78 (50) 46 (29.5) 6 (3.8)

   B 0 5 (3.2) 4 (2.6) 0

Fibrosis stage (Batts–Ludwig) .773

   Stage 1, 2 3 (1.9) 13 (8.3) 7 (4.5) 1 (0.6)

   Stage 3, 4 14 (9.0) 70 (44.9) 43 (27.6) 5 (3.2)

Microvascular invasion .890

   Not identified 14 (9.0) 57 (36.5) 33 (21.1) 4 (2.6)

   Present 3 (1.9) 26 (16.7) 17 (10.9) 2 (1.3)

Tumor number .058

   Less than 3 17 (10.9) 80 (51.3) 43 (27.6) 6 (3.8)

   3 or more 0 3 (1.9) 7 (4.5) 0

Satellite nodule .099

   Absent 17 (10.9) 78 (50) 48 (30.8) 4 (2.6)

   Present 0 5 (3.2) 2 (1.3) 2 (1.3)

Edmondson-Steiner grade (worst) .169

   Grade 1, 2 7 (4.5) 29 (18.6) 14 (9.0) 1 (0.6)

   Grade 3, 4 10 (6.4) 54 (34.6) 36 (23.1) 5 (3.2)

Edmondson-Steiner grade (most) .055

   Grade 1, 2 14 (9.0) 57 (36.5) 30 (19.2) 3 (1.9)

   Grade 3, 4 3 (1.9) 26 (16.7) 20 (12.8) 3 (1.9)

Capsular invasion .292

   Absent 17 (10.9) 65 (41.7) 40 (25.6) 5 (3.2)

   Present 0 18 (11.5) 10 (6.4) 1 (0.6)

Early recurrence .415

   Absent 38 (24.4) 27 (17.3) 18 (11.5) 10 (6.4)

   Present 26 (16.7) 13 (8.3) 13 (8.3) 11 (7.1)

Values are presented as number (%).
CRP, C-reactive protein; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer.
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is more common than infection by hepatitis C virus (HCV) is, 
and more than half of HCCs are associated with HBV infection 
worldwide.14 Hence, we focused our analysis of the clinicopath-
ologic significance of CRP immunoreactivity on non-neoplastic 

hepatocytes of HBV infection–associated HCCs. HBV infection 
increases the carcinogenic potential of hepatocytes, either by induc-
ing chronic inflammation or direct integration into the host cell 
genome.11-15 The latter mechanism would explain HBV-associ-
ated HCCs in the absence of chronic hepatitis in the background 
liver. Chimeric integration of HBV genome into several host genes 
such as cyclin E1 and myeloid/lymphoid or mixed-lineage leu-
kemia 4 has been documented by sequencing studies. The detec-
tion and sequencing of high-throughput viral integration done by 
Zhao et al.16 revealed 4,225 HBV integration events in neoplastic 
and non-neoplastic liver tissues from 426 patients. Among 
HCCs with grade 3 hepatocytic CRP immunoreactivity in this 
study (n = 6), three cases were with mixed macronodular and 
micronodular cirrhosis, two cases were with chronic hepatitis, and 
one case was without significant background inflammation or 
cirrhosis. 

We previously reported significant correlation between CRP 
immunoreactivity in HCC cells and patient survival. We looked 
at the relationship between HCC and corresponding non-neo-
plastic background liver in this study (data not shown) and found 
a significant correlation between the two, which indicated that 
both neoplastic and non-neoplastic hepatocytes are under a 
similar pro-inflammatory microenvironment in terms of CRP 
expression.12 Serum CRP has been consistently shown to be a key 
component of inflammation-based prognostication of HCC.17-19 
The molecular mechanisms involved in the prognostic significance 
of CRP in HCC remain uncertain. However, a recent experimental 
investigation on CRP knockdown HepG2 cell proteome sug-

Table 2. Clinical parameters and their relationship with CRP immu-
noreactivity

Clinical parameters 
CRP grade 

0, 1, 2 
CRP grade 

3 
p-value 

Sex .719

   Male 110 (70.5) 4 (2.6)

   Female 40 (25.6) 2 (1.3)

Age (yr) .586

   < 60 110 (70.5) 5 (3.2)

   ≥ 60 40 (25.6) 1 (0.6)

Tumor size (cm) .137

   < 5 115 (73.7) 3 (1.9)

   ≥ 5 35 (22.4) 3 (1.9)

Serum AFP (ng/mL) .585

   < 400 95 (60.9) 16 (10.3)

   ≥ 400 40 (25.6) 5 (3.2)

Serum CRP (mg/dL) .000

   < 1 83 (53.2) 2 (1.3)

   ≥ 1 8 (5.1) 3 (1.9)

BCLC stage .538

   A 141 (90.4) 6 (3.8)

   B 9 (5.8) 0

Fibrosis stage (Batts–Ludwig) .929

   Stage 1, 2 23 (14.7) 1 (0.6)

   Stage 3, 4 127 (81.4) 5 (3.2)

Microvascular invasion .890

   Not identified 104 (66.7) 4 (2.6)

   Present 46 (29.5) 2 (1.3)

Tumor number .515

   Less than 3 140 (89.7) 6 (3.8)

   3 or more 10 (6.4) 0

Satellite nodule .003

   Absent 143 (91.7) 4 (2.6)

   Present 7 (4.5) 2 (1.3)

Edmondson-Steiner grade (worst) .395

   Grade 1, 2 50 (32.1) 1 (0.6)

   Grade 3, 4 100 (64.1) 5 (3.2)

Edmondson-Steiner grade (most) .379

   Grade 1, 2 101 (64.7) 3 (1.9)

   Grade 3, 4 49 (31.4) 3 (1.9)

Capsular invasion .570

   Absent 122 (78.2) 5 (3.2)

   Present 28 (17.9) 1 (0.6)

Early recurrence .182

   Absent 91 (58.3) 2 (1.3)

   Present 59 (37.8) 4 (2.6)

Values are presented as number (%).
CRP, C-reactive protein; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver 
cancer.
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gested that CRP plays a role in promoting the migration, invasion, 
and metastasis of HCCs via activation of MEK/ERK and phos-
phoinositide 3-kinase/AKT signaling pathways. Notably, cathepsin 
D was among the proteins the expression of which was decreased 
in CRP knockdown cells.20 Other studies have also shown promo-
tion of cell proliferation and antiapoptotic effects in different cell 
types such as renal tubular epithelial cells and myeloma cells.21,22

Although it is difficult to determine the relative contribution 
of HCC cells and non-neoplastic hepatocytes to serum CRP level, 
significant correlation between hepatocytic CRP immunoreac-
tivity and blood CRP concentration supports the clinicopatho-
logic significance of CRP as a surrogate prognostic marker of HBV-

associated HCC. Of note, Hu et al.23 proposed that HCC cells 
are not primarily responsive to serum hepatocyte growth factor, 
IL-6, and CRP based on the fact that the levels of these proteins go 
up after resection of HCCs, but this does not rule out the possi-
bility of the significant contribution of HCC cells in affecting 
blood CRP level.

Regarding the association with tumor size, serum CRP level 
and tumor size were shown to be a marker of efficacy of transcath-
eter arterial chemoembolization (TACE) in HCCs.24 TACE re-
duced blood CRP level in HCC patients.25 Liu et al.26 reported 
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Table 4. Cox regression analysis of parameters affecting cancer-
specific survival in patients with HBV-associated hepatocellular 
carcinoma

Clinical parameters HR (95% CI) p-value

Satellite nodule 7.457 (3.004–18.514) < .001
Vascular invasion .077
CRP immunoreactivity .063

HBV, hepatitis B virus; HR, hazard ratio; CI, confidence interval; CRP, C-re-
active protein.

Table 3. Factors affecting CRP immunoreactivity by multiple logis-
tic regression analysis

Clinical parameters OR 95% CI p-value

Serum CRP 12.229 1.573–95.087 .017
Tumor size .496
Satellite nodule .282

CRP, C-reactive protein; OR, odds ratio; CI, confidence interval.
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an association between preoperative serum CRP level and HCC 
tumor size and also found significantly decreased overall survival 
and recurrence-free survival in HCC patients with elevated serum 
CRP compared with those with normal serum CRP level. Another 
independent study by Hu et al.23 demonstrated a relationship 
between tumor size and preoperative serum CRP level in HCC 
patients. A significant association with the presence of satellite 
nodule suggests the possibility of CRP expression and tumor 
growth characteristics. Kim et al.27 reported that CRP is an inde-
pendent predictor of tumor recurrence in HCC cases with portal 
vein invasion.

The findings in this study indicate that CRP immunoreactivi-
ty in non-neoplastic hepatocytes is a novel prognostic biomarker 
of HBV-associated HCCs and is associated with certain tumor 
growth characteristics. The use of immunohistochemistry has 
merit in that the methodology is easily applicable to routine diag-
nostic pathology services. Further studies are needed to determine 
the significance of hepatocytic CRP immunoreactivity in cases 
with HCV-associated HCCs or nonvirally induced HCCs.
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Background: MicroRNAs (miRNAs) are short, non-coding RNAs that mediate post-transcriptional 
gene regulation. They are commonly deregulated in human malignancies, including non-small cell 
lung cancer (NSCLC). The aim of this study is to investigate miRNA expression in T790M-mutated 
NSCLC resistant to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors. Methods: 
Six cases of resected NSCLC harboring the T790M mutation were examined. We performed 
miRNA time polymerase chain reaction (PCR) array profiling using EGFR T790M-mutated NSCLC 
and L858R-mutated NSCLC. Once identified, miRNAs that were differentially expressed between 
the two groups were validated by quantitative real-time polymerase chain reaction (qRT-PCR). 
Results: miRNA PCR array profiling revealed three up-regulated miRNAs whose expression levels 
were altered 4.0-fold or more in the EGFR T790M mutation group than in the L858R group: miR-
1 (fold change, 4.384), miR-196a (fold change, 4.138), and miR-124 (fold change, 4.132). The 
three differentially expressed miRNAs were validated by qRT-PCR, and they were found to be 
overexpressed in the T790M group relative to L858R group. In particular, expression levels of 
miR-1 and miR-124 were significantly higher in the T790M group (p-value of miR-1 = .004, miR-
124 = .007, miR-196a = .096). Conclusions: MiR-1, miR-124, and miR-196a are overexpressed in 
EGFR T790M mutated NSCLC. 
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▒ ORIGINAL ARTICLE ▒

Lung cancer is the most common cause of cancer death 
worldwide, and advanced-stage non-small cell lung cancer 
(NSCLC) is considered an incurable disease.1 Recently, the iden-
tification of genetic alterations present in lung cancer has resulted 
in the development of new treatment options for NSCLC and 
improved survival of NSCLC patients.2 Among these genetic 
alterations, the epidermal growth factor receptor (EGFR) acti-
vating mutation is the most widely used target for therapy. 
However, most patients who initially benefit from the EGFR 
tyrosine kinase inhibitor (TKI) experience subsequent disease 
progression, and in more than 50% of cases, the mechanism of 
resistance is the T790M point mutation in the EGFR gene.3-5 As 
treatment with EGFR-TKIs has become routine for advanced 
lung cancer, the need to better understand the EGFR T790M 
mutation has increased. 

MicroRNAs (miRNAs) are a class of short, non-coding 
RNAs that mediate post-transcriptional gene regulation. They 

are involved in nearly all biologic processes, and deregulation of 
miRNA is correlated with many diseases, including cancer.6 
Multiple previous studies have observed distinct patterns of 
miRNA expression across tumor types and revealed that up- or 
down-regulation of miRNA expression is indicative of a specific 
cancer.7,8 Moreover, a growing number of evidence indicates 
that certain miRNA profiles distinguish poor-prognosis cancers, 
and specific miRNA signatures can predict the clinical outcomes 
of tumors.9-11 Recent research has suggested that miRNAs have 
therapeutic capacities and can be used in cancer treatment.12-14 
All things considered, miRNAs are clinically useful biomarkers 
and potential therapeutic agents. 

The aim of this study is to investigate the expression of miRNAs 
in EGFR-TKI resistant T790M mutation-positive lung cancer. 
For this purpose, we performed miRNA array profiling and 
compared miRNA expression between (1) NSCLC with the 
EGFR-TKI sensitive mutation (L858R) and (2) NSCLC with 
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the EGFR-TKI resistant mutation coexisting with the EGFR-
TKI sensitive mutation (T790M/L858R). Using this method, 
we identified three differentially expressed miRNAs between 
the two groups. In this paper, we report on these differentially 
expressed miRNAs with a prediction of common target genes 
and discuss the possible role of each miRNA in the biology of 
lung cancer containing the EGFR T790M mutation. 

MATERIALS AND METHODS

Sample collection

Pathology files from three institutions (Pusan National Uni-
versity Hospital, Pusan National University Yangsan Hospital, 
and Inje University Haeundae Paik Hospital) and from the 
time period between January 2011 and June 2016 were reviewed 
to identify NSCLC harboring the EGFR T790M mutation. After 
the exclusion of biopsy samples due to insufficient tumor mate-
rial, six out of 1,445 lung cancer patients who had undergone 
surgical resection were enrolled (Pusan National University 
Hospital, 4 cases; Pusan National University Yangsan Hospital, 
1 case; and Inje University Haeundae Paik Hospital, 1 case). 
All the included cases were adenocarcinomas harboring pre-
existing EGFR T790M mutations before exposure to EGFR-
TKI. All patients had coexisting TKI sensitive EGFR L858R 
point mutations, and no patients were known to have coexisting 
exon 19 deletion mutations. All patients underwent curative 
resection as their first treatment and did not have a history of 
EGFR-targeted therapy, neo-adjuvant chemotherapy, or radia-
tion therapy. EGFR mutation testing was conducted as follows: 
Direct sequencing of the EGFR gene was performed in three 
patients (Pusan National University Hospital, 1 case; Pusan 
National University Yangsan Hospital, 1 case; Inje University 
Haeundae Paik Hospital, 1 case). At the Pusan National Univer-
sity Hospital, pyrosequencing was used in the case of one patient, 
and the peptide nucleic acid–mediated polymerase chain reaction 
(PCR) clamping method was used to detect the mutation in 
two patients. All six patients had an EGFR-TKI resistant 
T790M mutation and a coexisting TKI sensitive L858R muta-
tion. For the control group, EGFR L858R mutant adenocarci-
noma tissues from eight patients who underwent lung resection 
surgery were randomly selected. Additionally, four cases of 
EGFR wild-type adenocarcinoma and three non-neoplastic lung 
tissues were randomly selected and used as control in the miRNA 
array profiling. This study was approved by the institutional 
review board of Pusan National University Hospital (C1608-
003-001), and informed consent from patients was waived. 

miRNA extraction and cDNA synthesis

Hematoxylin and eosin (H&E) stained slides were prepared 
from routinely processed tissue sections using 10% buffered 
formalin and then reviewed to confirm the diagnosis. Five 10-µm 
sections were cut from a representative paraffin block of each 
tumor and mounted on glass slides. The tumor area intended 
for tissue dissection was marked on the unstained slides using 
the matched H&E stained slide; therefore, only the tumor portion 
was subjected to miRNA analysis. Manually dissected tissue 
samples were placed in 1.5 mL microcentrifuge tubes and depar-
affinized in xylene. After washing with ethanol, the total miRNA 
of the tissue was extracted and purified using a miRNeasy for-
malin-fixed paraffin-embedded (FFPE) kit (Qiagen, Hilden, 
Germany) following the manufacturer’s instructions. The con-
centration of each isolated miRNA was measured by a Nano-
Drop 2000 spectrophotometer (Thermo Scientific, Waltham, 
MA, USA), and the samples that showed optimal purity and 
quantities were subjected to further analysis. Then, miRNA 
was processed using an miScript II reverse transcription kit 
(Qiagen) and cDNA was synthesized.   

miRNA array profiling

The synthesized cDNA was used as a template for subse-
quent real-time PCR. The reaction mix was prepared using a 
miScript SYBR Green PCR Kit (Qiagen). The miRNA PCR 
array method was employed for comprehensive miRNA expres-
sion profiling. We used the miScript miRNA PCR Array Human 
Cancer Pathway Finder (MIHS-102Z, Qiagen), which is com-
posed of a 96-well plate containing 84 human cancer specific 
miRNA primers and 12 controls. The selected miRNAs are 
known to be associated with the diagnosis, staging, progres-
sion, or prognosis of various cancers. The primers used for miR-
NA array profiling are described in Supplementary Table S1. 
Using the RT2 PCR array loading reservoir (Qiagen), equal 
amounts of the reaction mix were added to each well of the array 
plate. Then, real-time PCR was performed in the ABI 7500 
Real-Time PCR system (Applied Biosystems, Foster City, CA, 
USA), and 84 miRNAs were simultaneously quantified in each 
sample. For miRNA PCR array profiling, we used four cases of 
EGFR T790M- and L858R-mutated adenocarcinoma as test 
samples and five cases of EGFR L858R-mutated adenocarcinoma 
as control samples. Additionally, four cases of EGFR wild-type 
adenocarcinoma and three non-neoplastic lung tissues were also 
used as controls in this array profiling.
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Data analysis

The miRNA profiling data were analyzed by web-based 
miRNA PCR Array Data Analysis software (http://pcrdata-
analysis.sabiosciences.com/mirna/arrayanalysis.php) to identify 
differentially expressed miRNAs between the groups. This 
software automatically performs fold-change calculations from 
the user’s uploaded Ct values obtained in miRNA PCR.

Validation of differentially expressed miRNAs 

We validated the differentially expressed miRNAs selected 
from miRNA array profiling results with a larger sample group 
that included six cases of T790M/L858R-mutated adenocarci-
noma and eight cases of L858R-mutated adenocarcinoma. In 
the T790M-positive group, four out of six cases were the same 
cases included in the microarray profiling. In the control group 
without the T790M mutation, all eight cases were different 
from those of microarray profiling. miRNA was processed using 
the miRNeasy FFPE (Qiagen) and TaqMan MicroRNA reverse 
transcription (Applied Biosystems) kits. For the targeted quan-
tification of up- or down-regulated miRNAs, preformulated 
primers included in the TaqMan MicroRNA Assays (Applied 
Biosystems) were used. The PCR reaction mix was prepared 
with TaqMan Universal Master Mix II (Applied Biosystems) 
and the ABI 7500 Real-Time PCR system (Applied Biosys-
tems) was used for quantitative real-time PCR (qRT-PCR) 
analysis. The miRNA expression level was normalized to en-
dogenous control gene RNU48. Following the calculation of 
the ΔCt values, miRNA expressions of T790M/L858R-mutated 
and L858R-mutated samples were compared by t-test using 
the statistical program R. A p < .05 was considered statistically 
significant. 

Target gene prediction and gene set enrichment analysis

We evaluated common target genes of differentially expressed 
miRNAs using MicroRNA.org (http://www.microrna.org).15 
Gene set enrichment analysis was done with the top 10%-ranked 
genes in the common target gene list using MSigDB v6.0.16

RESULTS

Clinicopathologic factors of the study population

Six cases of EGFR T790M-positive and eight cases of T790M-
negative pulmonary adenocarcinoma were included in the 
study. The clinicopathologic information of the two patient 
groups are described in Supplementary Tables S2 and S3. In the 
T790M-positive group, all patients were female (age range, 47 

to 72; mean, 63). Tumor size ranged from 2.0 to 3.6 cm (mean, 
2.78). Five adenocarcinomas exhibited an acinar pattern, while 
1 was an adenocarcinoma with a papillary pattern. In the control 
group without the EGFR T790M mutation, six patients were 
female and two were male. The patients’ ages ranged from 44 to 
72 years (mean, 61). Mean tumor size was 2.29 cm (range, 1.4 
to 4.0 cm). The predominant histologic patterns were acinar (5 
cases), lepidic (2 cases), and papillary (1 case). A representative 
microphotograph of T790M mutated adenocarcinoma (case 5) 
is shown in Fig. 1. 

miRNA array profiling analysis

We identified three up-regulated miRNAs whose expression 
levels were altered by 4.0-fold or more in EGFR T790M/
L858R mutated lung cancer tissues compared to L858R mutated 
tissues (Table 1). These were miR-1 (fold change, 4.3841), 
miR-196a (fold change, 4.1380), and miR-124 (fold change, 
4.1321). There were no down-regulated miRNAs in the 
T790M-positive lung cancer group. Compared to EGFR wild-
type lung cancer, T790M/L858R mutated lung cancer was 
found to have 20 up-regulated miRNAs, including miR-1 and 
miR-196a (Table 2). No significantly differentially expressed 
miRNAs were identified between the L858R and EGFR wild-
type groups. When non-neoplastic lung tissue was used as a 
control sample, there were seven overexpressed miRNAs in the 
T790M/L858R group, one of which was miR-196a (Table 3). 

Comparison of miRNA expression between the T790M/
L858R and L858R groups (miR-1, miR-196a, miR-124)

The expression of miR-1, miR-196a, and miR-124, which 

Fig. 1. Representative microphotograph of EGFR T790M mutated 
adenocarcinoma (predominantly acinar pattern of case 5). EGFR, 
epidermal growth factor receptor.
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were found to be differentially expressed in array profiling, was 
validated by qRT-PCR. The three miRNAs were overexpressed 
in the T790M/L858R group when compared to the L858R 
group. In particular, the expression of miR-1 and miR-124 was 

significantly higher in the T790M group (p-value of miR-1 = 

.004, miR-124 = .007) (Fig. 2A, B). Expression of miR-196a 
was higher in the T790M group than in the L858R group, but 
not significantly so (p = .096) (Fig. 2C).

Prediction of common target genes of miR-1, miR-124, and 
miR-196a

We investigated putative common target genes of these three 
miRNAs using microRNA.org, and found 2,010 candidate 
genes. Then, the MSigDB web tool was used to conduct gene 
set enrichment analysis of the top 10%-ranked genes in the 
common target gene list. Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis revealed that 
18 gene sets were significantly enriched (false discovery rate < 

0.05), including the sets of several cancer-related and signaling 
pathways (Supplementary Table S4).

DISCUSSION

Lung cancer is the leading cause of cancer mortality world-
wide. Despite extensive efforts to improve the survival rate, the 
5-year survival for NSCLC is only 21%.1 Moreover, 57% of 

Table 1. miRNAs overexpressed in EGFR T790M/L858R mutated 
lung cancer (vs L858R mutation)

miRNA Fold change
miR-196a 4.1380
miR-124 4.1321
miR-1 4.3841

EGFR, epidermal growth factor receptor.

Table 2. miRNAs overexpressed in EGFR T790M/L858R mutated 
lung cancer (vs EGFR wild type)

miRNA Fold change

miR-196a 5.9922
miR-148b 5.0038
miR-146b 5.0653
miR-183 7.0982
miR-148a 5.7195
miR-218 6.0127
miR-29b 4.2675
miR-135b 8.4407
miR-21 7.1416
miR-10b 4.9795
miR-155 4.2678
miR-1 7.1204
miR-27b 5.0205
miR-7 6.0372
miR-9 7.0287
let-7f 5.9577
miR-10a 5.8620
miR-16 4.2105
miR-98 5.0532
miR-126 5.0032

EGFR, epidermal growth factor receptor.

Table 3. miRNAs overexpressed in EGFR T790M/L858R mutated 
lung cancer (vs non-neoplastic lung tissue)

miRNA Fold change

miR-196a 17.5784
miR-96 4.4977
miR-183 7.3777
miR-135b 9.3675
miR-21 6.1286
miR-9 9.7106
miR-210 4.2718

EGFR, epidermal growth factor receptor.
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lung cancers are diagnosed at an advanced stage, with a 5-year 
survival rate of 4%.1 Over the last few decades, the development 
of targeted agents has provided marked survival benefits to lung 
cancer patients whose tumors harbor specific genomic altera-
tions.17 In particular, agents targeting EGFR-activating muta-
tions are the most widely used targeted therapy, and EGFR 
mutation analysis of NSCLC is now routine in standard clinical 
practice. It is well known that patients carrying a point mutation 
in exon 21 (L858R) or a deletion in exon 19, which account for 
approximately 90% of EGFR-activating mutations, have signifi-
cant survival benefit when treated with EGFR-TKI.18 However, 
the majority of patients who initially respond to EGFR-TKIs 
acquire resistance to the drug, with the most important mecha-
nism of resistance being a T790M gatekeeper mutation in the 
EGFR gene.4 This mutation leads to decreased drug binding 
through steric hindrance and increased binding affinity with 
ATP.19,20 The EGFR T790M mutation is a current focus of 
study for many investigators attempting to overcome EGFR-
TKI resistance.21,22 Osimertinib, which was recently developed 
to treat patients with EGFR T790M mutation-positive NSCLC, 
is being tested in clinical trials.23 However, the complex biology 
of EGFR-TKI resistance is not thoroughly understood, and 
new approaches are being explored.24 We speculated that altered 
miRNA expression of T790M-mutated NSCLC might provide 
us with new insights into EGFR-TKI resistance. 

miR-1 is known to be a muscle-specific miRNA that is pref-
erentially involved in muscle development. However, many 
studies have also demonstrated that miR-1 functions as a tumor 
suppressor, regulating several oncogenic pathways in human 
cancers.25,26 According to previous research, the expression of 
this miRNA was significantly down-regulated in several cancers, 
and restoration of miR-1 in cancer cells resulted in inhibition of 
proliferation, migration, and invasion, indicating its therapeutic 
potential.27 miR-124 has also been reported to act as a tumor 
suppressor in human cancers. Several studies have demonstrated 
that this miRNA is frequently silenced by DNA methylation, 
and thus, plays a pivotal role in carcinogenesis. Moreover, 
down-regulation of miR-124 was correlated with tumor pro-
gression and its reinstatement was suggested to be a novel ther-
apeutic strategy.28-30 In the present study, these tumor suppres-
sive miRNAs (miR-1, miR-124) were overexpressed in the 
T790M/L858R mutation group relative to the L858R mutation 
group. This result corresponds with previous studies indicating 
that the natural clinical behavior of the T790M mutated tumor 
is more indolent except for the poor response to EGFR-TKI 
therapy.31 Some studies revealed that patients who acquired the 

EGFR T790M mutation after TKI therapy had longer survival, 
suggesting that the T790M mutation may be related to indo-
lent biology and slow tumor growth.32,33 In the EURTAC (EU-
Ropean TArceva vs Chemotherapy) study, the survival of patients 
with a pre-existing T790M mutation was superior to that of pa-
tients without it.34 Fujita et al.35 found that presence of the 
T790M mutation correlated with better outcomes even in pa-
tients treated with TKI. Taken together, these data suggest that 
T790M mutant tumors may have indolent clinical course and 
the tumor suppressive miRNAs identified in the present study 
may contribute to this. 

Most studies of miR-196a have reported that this miRNA is 
overexpressed in a variety of human malignancies, especially in 
pancreatic cancer.36,37 It has a dominant effect on the inhibition 
of tumor suppressor genes, finally acting as oncogenes.38 In this 
study, we found that miR-196a was up-regulated in T790M/
L858R-positive tumors when compared to tumors that were 
only L858R-positive. We also observed that miR-196a was 
highly overexpressed in T790M-positive tumor tissue com-
pared to non-neoplastic lung tissue, a finding that is consistent 
with the previous reports suggesting that miR-196a has an onco-
genic function. 

In our investigation, we also analyzed the common target 
genes of 3 miRNAs (miR-1, miR-124, and miR-196a) by gene 
set enrichment analysis. KEGG pathway enrichment analysis 
showed that the predicted targets were mainly enriched in cancer-
related gene sets that included renal cell carcinoma, chronic 
myeloid leukemia, endometrial cancer, and non-small cell lung 
cancer, as well as in signaling pathway gene sets that included 
JAK-STAT, ErbB, and RIG-I-like receptor signaling pathways. 
Four genes (SOS1, PIK3CG, NRAS, and CRKL) were common 
to most of these gene sets. A review of previous studies revealed 
that these pathways or genes were reported to be associated 
with EGFR-TKI resistance. In a study using T790M-mutated 
NSCLC cell lines, the authors demonstrated that activation of 
the IL-6R/JAK1/STAT3 pathway induced de novo resistance to 
irreversible EGFR-TKIs.39 In another study, oncogenic CRKL 
was shown to activate the SOS1-RAS-RAF-ERK and SRC-
C3G-RAP1 pathways, and overexpression of CRKL in EGFR-
mutant cells induced resistance to EGFR-TKI.40 Wu et al.41 
reported that targeted regulation existed between miR-124 and 
STAT3, and up-regulation of miR-124 suppresses STAT3. It is 
also noteworthy that miR-124 was observed to directly target 
the 3'-untranslated regions of SOS1 mRNA and regulate the 
behavior of tumor cells.42 These findings indicate an association 
between resistance to EGFR-TKI and the up-regulated miRNAs 
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examined in this study, and we conjecture that miR-124 regu-
lates the expression of STAT3 or SOS1 and ultimately targets 
the EGFR pathway. However, miRNAs target numerous genes, 
and their mechanism of action is extremely complicated. There-
fore, further study is needed to validate the function of these 
miRNAs.

In this study, we used cases in which the T790M mutation 
pre-existing, rather than acquired. Acquired EGFR T790M 
mutations occur in 50%–60% of patients who initially benefited 
from EGFR-TKIs and are the primary mechanism of resistance 
to therapy. In some patients, however, EGFR T790M muta-
tions may exist before EGFR-TKI exposure, and these pre-existing 
mutations are associated with de novo resistance to the drugs.43 
We used samples with pre-existing T790M mutations because 
repeat biopsies were rarely performed for lung cancer patients 
whose disease progressed after treatment with EGFR-TKIs. In 
cases where the biopsy was repeated, only small tissue fragments 
or cytology specimens were included, so even after confirming 
the presence of an acquired T790M mutation, the biopsy tissue 
was inadequate for further miRNA analysis. Therefore, all the 
available tissues for this study were of pre-existing T790M 
mutants before EGFR-TKI therapy. We assumed that the fun-
damental action of the EGFR T790M mutation does not differ 
between cases of acquired and pre-existing mutations. According 
to one previous study, a minor clone with a pre-existing T790M 
mutation is present at a low frequency in NSCLC, and selective 
pressure from EGFR-TKI therapy causes expansion of these 
mutant cells.44 This selection results in the emergence of a resis-
tant phenotype in the entire tumor cell population. Therefore, 
the acquired T790M mutation can be considered an enriched 
pre-existing T790M mutation. In a certain point of view, an in-
vestigation with a de novo T790M mutation sample might be 
better than with the samples of acquired T790M mutation, 
especially when the researcher wants to know the innate nature 
of EGFR mutation types, since the acquired T790M mutation 
may be accompanied by additionally accumulated genetic altera-
tions during EGFR-TKI therapy. 

We performed miRNA PCR array profiling using NSCLC 
tissue, and the results showed that 3 miRNAs (miR-1, miR-124, 
and miR-196a) were up-regulated in the T790M mutation 
group compared to the L858R mutation group. The miRNA 
expression levels obtained with qRT-PCR were in accordance 
with the array profiling results. The results from this study may 
yield insights into the mechanisms of EGFR-TKI resistance.
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Background: Lung cancer is the third most common cancer worldwide. With major advances in 
the molecular testing of lung cancers and the introduction of targeted therapies, the distinction 
between adenocarcinoma and squamous cell carcinoma as well as pathologic subtyping has 
become important. Recent studies showed that p40 is highly specific for squamous and basal 
cells and is superior to p63 for diagnosing lung squamous cell carcinoma. The aim of this study 
was to evaluate the use of p40 immunohistochemical stain in the diagnosis of non-small cell lung 
carcinoma and its potential to replace current p63 antibody as the best immunohistochemical 
squamous marker. Methods: Seventy formalin-fixed paraffin-embedded cases previously diag-
nosed as primary lung squamous cell carcinoma (n = 35) and lung adenocarcinoma (n = 35) from 
January 2008 to December 2016 were retrieved. The results of tumour cell immunoreactivity for 
p40 and p63 antibodies in lung squamous cell carcinoma and lung adenocarcinoma were com-
pared. Results: p40 was expressed in 27 cases of lung squamous cell carcinoma (77.1%). All 
cases of lung adenocarcinoma (35/35, 100%) were negative for p40. p63 expression was positive 
in 30 cases of lung squamous cell carcinoma (85.7%) and 13 cases of lung adenocarcinoma 
(37.1%). Reactivity for both p40 and p63 in lung squamous cell carcinoma was strong and diffuse, 
whereas variable reactivity was observed in lung adenocarcinoma. Conclusions: p40 is an excellent 
marker for distinguishing lung squamous cell carcinoma from adenocarcinoma, and p40 expression 
is equivalent to p63 expression in lung squamous cell carcinoma. 
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▒ ORIGINAL ARTICLE ▒

Lung cancer is the most common cancer among males and 
the third most common cancer in the general population of 
Malaysia as well as worldwide. Worldwide, there was an esti-
mated 1.8 million new cases of lung cancer in 2012.1 In Malaysia, 
there were 10,608 cases of lung cancer diagnosed between 2007 
to 2011, comprising 7,415 males and 3,193 females.2 Lung cancer 
is also the most common cause of cancer deaths and is estimated 
to be responsible for 1.59 million mortalities.1 Most lung cancers 
are detected at a late stage, and 60% of cases were detected at 
stage IV.1 

With recent advances in molecular testing of lung cancers 
and the introduction of targeted therapies, distinction between 
adenocarcinoma and squamous cell carcinoma, as well as patho-
logic subtyping, has become increasingly important. Specific 
therapies can be offered to patients depending on the histologic 
diagnosis and molecular status of the tumour. For example, 
patients with lung adenocarcinoma harbouring epidermal 
growth factor receptor (EGFR) mutations and anaplastic lym-
phoma kinase (ALK) rearrangement are given first-line treat-

ment with tyrosine kinase inhibitors and crizotinib, respectively, 
while patients with squamous cell carcinoma are contraindicated 
for bevacizumab therapy, as it is associated with life-threatening 
haemorrhage.3,4 Therefore, it is crucial to establish the accurate 
histologic subtype to guide patient selection for further molec-
ular testing.5

Patients with advanced disease are usually inoperable, so they 
often receive targeted molecular therapies.3 In such situations, a 
small biopsy and cytology preparations are often the only speci-
mens available for histologic diagnosis and molecular testing.3 
This has led to major changes in the latest pathologic classifica-
tion by the World Health Organization (WHO) with particular 
emphasis on tumour classification and strategic tissue manage-
ment for handling non-resected specimens.4 The diagnosis of 
adenocarcinoma and squamous cell carcinoma can be made 
based on morphology alone in 50%–70% of non-resected spec-
imens.4 However, immunohistochemistry and special stains are 
often required in the setting of poorly differentiated tumours 
that do not show definite morphology by routine light microscopy. 
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The recommended markers for adenocarcinoma are thyroid 
transcription factor 1 (TTF1) and napsin A, whereas accepted 
antibodies for squamous differentiation include p63, p40, and 
cytokeratin (CK) 5/6.4 To preserve as much tissue as possible for 
molecular studies, algorithms recommend a maximum use of 
two antibodies in each case.4,6,7 Most tumours can be classified 
using a single adenocarcinoma marker and a single squamous 
marker.4,6 

p63 is a homologue of the p53 tumour suppressor gene that 
is responsible for proliferation and differentiation of epithelial 
progenitor cells.8 The p53 gene contains two promoters that 
produce two isoforms; one isoform contains the N-terminal 
transactivation domain (TAp63) and the other lacks this domain 
(ΔNp63).8 p63 is normally expressed in the nuclei of basal and 
progenitor cells of stratified epithelia such as skin, esophagus, 
tonsil, urothelium, ectocervix, and vagina, and in the basal cells 
of glandular structures of the thymus, prostate, breast, and bron-
chi.8 Both TAp63 and ΔNp63 show overlapping distribution 
in some epithelial tissue. However, TAp63 is more expressed in 
differentiated cells while ΔNp63 is seen in the stem-like cell 
populations.8 

Anti-p63 (4A4) is a well-accepted immunohistochemical 
marker for lung squamous cell carcinoma in most laboratories. 
Despite having extremely high sensitivity, as antibodies for p63 
(4A4) recognize both p63 and p40 proteins, studies have shown 
it has a lack of specificity in a subset of lung cancers, particularly 
lung adenocarcinoma.4,9 Focal or weak p63 staining can be seen 
in 30% of lung adenocarcinoma and has been misinterpreted to 
favour squamous differentiation.3,10 Interpretation of p63 is also 
dependent on TTF1 expression because only diffuse p63 staining 
in the absence of TTF1 is considered to favour squamous cell 
carcinoma.4 An incorrect diagnosis of squamous cell carcinoma 
could be made with unforeseen faulty TTF1 immunostaining.8 
Moreover, additional squamous markers such as CK5/6 may be 
required, which compromises tissue preservation for molecular 
studies.8,11

Antibody p40, which identifies ΔNp63, has been available 
for several years but its use for distinction of lung squamous cell 
carcinoma and adenocarcinoma was only recently studied. p40 
is consistently the predominant isoform expressed in squamous 
cell carcinoma; thus, it offers improved specificity for diagnosing 
squamous cell carcinoma.8 Studies by Bishop et al.9 and Nonaka10 
showed that p40 has 100% sensitivity and specificity in lung 
squamous cell carcinoma. Another study by Tacha et al.12 reported 
an 85% sensitivity and 98% specificity. 

In local Malaysian diagnostic histopathology laboratories, 

selection of immunohistochemistry studies is highly dependent 
on the morphologic features present on hematoxylin and eosin 
sections and the availability of markers. Currently, there is no 
standardized diagnostic immunohistochemical workup in the 
diagnosis of non-small cell lung carcinoma (NSCLC). However, 
a panel of TTF1, CK5/6, and p63 is the most commonly used 
set of immunohistochemistry studies for distinguishing adeno-
carcinoma from squamous cell carcinoma. 

In this study, we investigated the expression of p40 in lung 
squamous cell carcinoma and lung adenocarcinoma in comparison 
to p63 expression. In addition, the present study was performed 
to evaluate the utility of p40 and p63 in arriving at an accurate 
diagnosis in NSCLC.

MATERIALS AND METHODS

This study was approved by the Ethical Committee of Uni-
versiti Kebangsaan Malaysia Ref No. UKM 1.5.3.5/244/JEP-
2016-089 and was exempted from informed consent by the 
institutional review board (IRB). All cases diagnosed as primary 
lung squamous cell carcinoma and adenocarcinoma between 
January 2008 and December 2016 were reviewed. Cases that 
fulfilled the inclusion and exclusion criteria with sufficient tissue 
samples were selected for this study. Hematoxylin and eosin 
stained slides were reviewed by two pathologists to confirm the 
diagnosis. Tumours were graded on the basis of WHO classifi-
cation. The tissues were obtained from routine formalin-fixed 
paraffin-embedded blocks of small biopsies and resected speci-
mens of 35 lung squamous cell carcinoma and 35 lung adeno-
carcinoma cases. Information on patient details was retrieved 
from the Computerized Medical Record System. Patient identity 
remained anonymous and each subject was coded accordingly. 

Primary antibodies

Two antibodies were used in this study, mouse monoclonal 
p63 antibody (Clone DAK-p63, Ready-To-Use, Code IR662, 
Dako, Glostrup, Denmark) and mouse monoclonal p40 anti-
body (1:100, clone BC28, Code Ab172731, Abcam, Cam-
bridge, UK). Normal skin and laryngeal squamous cell carcinoma 
tissues were used as the positive controls for p63 and p40, 
respectively.

Immunohistochemical staining method

Immunohistochemical staining was performed on tissue sec-
tions using the protocol from EnVision FLEX+, Mouse, High 
pH (Code No. K8012, Dako). Primary antibody was diluted to 
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optimal concentration using Antibody Diluent, Dako REAL 
(Code No. S2022, Dako). 

The tissue blocks were sectioned to approximately 3 µm 
thickness. The tissue slides were incubated on hot plates at 
60ºC for 1 hour and initial deparaffinization and pre-treatment 
was performed in the Decloaking Chamber NxGen (Ref. No: 
DC2012-220V, Biocare Medical, Pacheco, CA, USA) using En-
Vision FLEX Target Retrieval Solution, High pH (Code No. 
DM828, Dako) at 110°C for 30 minutes. Slides were incubated 
with the primary antibodies for 20 minutes at room tempera-
ture, followed by incubation with EnVision FLEX/HRP (Code 
No. DM822, Dako) for 20 minutes. Sections were then incu-
bated with 1× DAB-containing Substrate Working Solution 
for 10 minutes. Slides were then counterstained with Hema-
toxylin 2 (REF 7231, Thermo Scientific, Rockford, IL, USA).

Immunohistochemical staining analysis

The staining intensity of both p40 and p63 markers were 
scored as 0, 1+, 2+, or 3+ (Fig. 1) and the percentage of immu-
noreactive cells were recorded.9 Cases were considered positive 
if 5% or more of the tumour cells showed brown nuclear staining. 
Cases with less than 5% staining or no areas of positive staining 
were regarded as negative. 

Statistical analysis

Data analysis was performed using the SPSS software pro-
gram ver. 20.0 (IBM Corp., Armonk, NY, USA). Pearson chi-
square test was used to assess the association between positivity 
of each marker and tumour diagnosis. Here, p-values less than 
.05 were considered statistically significant.

RESULTS

Epidemiologic and clinico pathologic data

A total of 70 cases of NSCLC were investigated. More than 
half of the cases presented with distant metastasis at diagnosis 
(64.2%). For squamous cell carcinoma, 32 (91.4%) cases were 
males and three cases (8.6%) were females. The mean age at 
squamous cell carcinoma diagnosis was 68 years, ranging from 
36 to 98 years. Adenocarcinoma had a more similar sex distribu-
tion, with 19 cases (54.3%) in males and 16 cases (45.7%) in 
females. The mean age for adenocarcinoma was 59 years, rang-
ing from 25 to 90 years. Squamous cell carcinomas comprised 
seven well, 11 moderately, and 15 poorly differentiated tu-
mours. Among the adenocarcinomas, there were nine well, 14 
moderately, and 12 poorly differentiated carcinomas. The clini-
cal information is summarised in Table 1.

p40 immunostaining

Twenty-seven cases of primary lung squamous cell carcinoma 
(77.1%) were positive for p40 (Table 2). The reactivity of p40 
nuclear staining in lung squamous cell carcinoma was strong 
and diffuse; 71.4% of cases had intensity score of 3+ in more 
than 50% of tumour cells (Table 3, Fig. 2). Remarkably, eight 
cases that were previously diagnosed as primary lung squamous 
cell carcinoma showed negative staining. Of these, six cases 
(17.1%) had intensity score of 0 and two cases (5.7%) showed 
minimal reactivity (less than 5% of tumour cells) with intensity 
score of 1+. The original slides were reviewed and all of these 
cases are poorly differentiated tumours with focal squamous-
like morphology including solid growth pattern, abundant 
eosinophilic cytoplasm (resembling cytoplasmic keratinization), 
sharp cell borders, and intercellular bridges (Fig. 2). Six cases 

A B C

Fig. 1. Intensity score for positive p40 and p63 nuclear staining in tumour cells. (A) Score 1+ for weak positivity. (B) Score 2+ for moderate 
positivity. (C) Score 3+ for strong positivity.
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had prior immunohistochemistry and the diagnosis of squa-
mous cell carcinoma was made on the basis of negative TTF1 
and p63 positivity (n = 3). The other two cases were diagnosed 
as squamous cell carcinoma based on morphology alone. In con-

trast, all (100%) lung adenocarcinomas were negative for p40. 
Two cases of lung adenocarcinoma showed weak p40 expres-

sion (1+). However, the immunoreactive cells were minimal (in 
less than 5% of tumour cells) and scattered with no specific pat-
tern. Immunopositivity of p40 and p63 according to tumour 
differentiation is shown in Table 4. 

Table 5 summarizes immunohistochemical profile of p40-
negative squamous cell carcinoma and histologic grading. 

p63 immunostaining

Thirty cases (85.7%) of lung squamous cell carcinoma were 

Table 1. Demographic and clinicopathologic data of patients diag-
nosed with lung squamous cell carcinoma and lung adenocarci-
noma

Squamous cell  
carcinoma

Adenocarcinoma

Sex, n (%)
Male 32 (91.4) 19 (54.3)
Female 3 (8.6) 16 (45.7)

Age at diagnosis, mean ± SD (yr) 68 ± 12.8 59 ± 14.2
Ethnicity

Malay 23 20
Chinese 11 14
Indian 0 0
Others 1 1

Histologic grade
Well differentiated 7 9
Moderately differentiated 12 14
Poorly differentiated 16 12

SD, standard deviation.

Table 2. Expression of p40 and p63 in lung squamous cell carci-
noma and lung adenocarcinoma

Squamous cell carcinoma Adenocarcinoma

p40
Positive 27 (77.1) 0 
Negative 8 (22.9) 35 (100)

p63
Positive 30 (85.7) 13 (37.1)
Negative 5 (14.3) 22 (62.9)

Values are presented as number (%).
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Fig. 2. Analysis of p40 and p63 expression in lung squamous cell carcinoma and adenocarcinoma. (A) Intensity score. (B) Tumour cell im-
munoreactivity. 

Squamous cell carcinoma

Intensity score Tumour cell immunoreactivity

Squamous cell carcinoma (%)Adenocarcinoma Adenocarcinoma (%)

A B

Table 3. Immunoreactivity for p40 and p63 in lung SCC and lung ADC

No.
Cases with the following intensity score Cases with the following proportion of immunoreactive cells

0 1 2 3 0%–4% 5%–25% 26%–50% > 50%

SCC
p40 35 6 (17.1) 3 (8.6) 1 (2.9) 25 (71.4) 2 (5.7) 2 (5.7) 0 25 (71.4)
p63 35 4 (11.4) 2 (5.7) 3 (8.6) 26 (74.3) 1 (2.9) 4 (11.4) 0 26 (74.3)

ADC
p40 35 33 (94.3) 2 (5.7) 0 0 2 (5.7) 0 0 0 
p63 35 13 (37.1) 9 (25.7) 8 (22.9) 5 (14.3) 9 (25.7) 6 (17.1) 5 (14.3) 2 (5.7)

Values are presented as number (%).
SCC, squamous cell carcinoma; ADC, adenocarcinoma.
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positive for p63 (Table 2). The expression of p63 in lung squa-
mous cell carcinoma was also strong and diffuse, equivalent to 
that of p40, and 74.3% of cases had intensity score of 3+ in 
more than 50% of tumour cells. Among lung adenocarcinomas, 
13 cases (37.1%) showed p63 positivity. These cases demon-
strated a vast range of immunoreactivity, with minimal reactivity 
(less than 5% of tumour cells) in nine cases, focal reactivity (5 
to 50% of tumour cells) in 11 cases, and diffuse reactivity (more 
than 50% of tumour cells) in two cases (Table 3, Fig. 2). 

All p63 negative cases were also negative for p40. Conversely, 
three p40 negative cases were p63 positive (Table 5). In their 
benign counterparts, both p40 and p63 showed nuclear staining 
in basal bronchial cells. 

As shown in Table 6, the specificity of p40 for lung squa-
mous cell carcinoma was 100% compared to 62.9% for p63. 
The sensitivity of p40 and p63 was 77.1% and 85.7%, respec-

tively. p40 has a higher positive predictive value for lung squa-
mous cell carcinoma than p63 (100% vs 69.8%). Both markers 
had similar negative predictive values.

DISCUSSION

NSCLC, constituting tumours other than small cell carcinoma, 
accounts for 85% of all lung cancers; lung adenocarcinoma and 
squamous cell carcinoma are the most frequent histologic sub-
types.4,13 Morphologically, adenocarcinoma is identified by 
glandular differentiation and mucin production. Squamous dif-
ferentiation is recognized by keratinization, keratin pearls, and 
intercellular bridges.4 However, distinguishing between the 
two can be challenging, particularly in poorly differentiated 
tumours. In such cases, immunohistochemical markers are rec-
ommended for precise histologic subtyping.4 To date, the 
WHO recommends that cases should be classified as NSCLC, 
favouring adenocarcinoma when they are positive for an adeno-
carcinoma marker (TTF1 or mucin) with a negative squamous 
marker (p63 or p40). Conversely, cases with at least moderate 
diffuse staining for a squamous marker and negative adenocar-
cinoma marker should be classified as NSCLC, favouring squa-
mous cell carcinoma. 

Although most lung tumours can be accurately subtyped by 
co-expression of TTF1 and p63, a small percentage of cases 
showed overlapping (TTF1+/p63+) or indeterminate staining 
patterns (TTF1/weak p63+), leading to misinterpretation and 

Table 4. Immunopositivity of p40 and p63 according to tumour dif-
ferentiation

Tumour differentiation No. p40 p63

Squamous cell carcinoma
Well differentiated 7 7/7 (100) 7/7 (100)
Moderately differentiated 12 12/12 (100) 12/12 (100)
Poorly differentiated 16 8/16 (50) 11/16 (68.8)

Adenocarcinoma
Well differentiated 9 0/9 (0) 3/9 (33.3)
Moderately differentiated 14 0/14 (0) 8/14 (57.1)
Poorly differentiated 12 0/12 (0) 2/12 (16.7)

Values are presented as number (%).

Table 5. Histologic findings and IHC profile of p40-negative lung squamous cell carcinoma

Case No. Nature of specimen p40 p63 Histologic grade Squamoid morphology Other IHC

2 Lung biopsy 1+
(in < 5%)

1+ Poorly differentiated - CK7+, TTF1–

3 Lung biopsy 0 0 Poorly differentiated Focal intercellular bridging and keratinization -
4 Lung biopsy 0 0 Poorly differentiated Intercellular bridging and keratinization -
9 Lung biopsy 0 2+

(in > 50%)
Poorly differentiated Abundant eosinophilic cytoplasm CK+, TTF1+ (focal)

21 Lung biopsy 0 2+
(in 5%–25%)

Poorly differentiated Focal intercellular bridging and keratinization TTF1–, p63+

22 Lung biopsy 0 0 Poorly differentiated Abundant eosinophilic cytoplasm TTF1–, CK5/6-
33 Lung biopsy 0 0 Poorly differentiated Abundant eosinophilic cytoplasm CK7+ (focal),  

  p63+ (focal), TTF1–
34 Lung biopsy 1+

(in < 5%)
2+

(in 5%–25%)
Poorly differentiated Focal intercellular bridging CK7+, p63+, TTF1–

IHC, immunohistochemistry; CK, cytokeratin; TTF1, thyroid transcription factor 1.

Table 6. Sensitivity and specificity of p40 and p63 in lung squamous cell carcinoma

Sensitivity (%) Specificity (%) PPV (%) NPV (%) p-value

p40 77.1 100 100 81.4 < .001
p63 85.7 62.9 69.8 81.5 < .001

PPV, positive predictive value; NPV, negative predictive value.
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incorrect diagnosis.7,11 p63 is a sensitive marker for squamous 
differentiation, but its specificity is only 60%–82%.9,10 Fre-
quent p63 reactivity, particularly in adenocarcinoma and lym-
phoma, is a significant pitfall in diagnosis of lung cancer.9

Accurate histologic diagnosis and subtyping has major thera-
peutic implications.14 Current clinical practice guidelines rec-
ommend patients with lung adenocarcinoma or NSCLC favour-
ing adenocarcinoma should undergo molecular testing.15 
Incorrect diagnosis of squamous cell carcinoma may exclude pa-
tients from receiving targeted therapy, or worse, it may endan-
ger patients to complications of the treatment.3,4 

In studies conducted on mainly resected specimens, p40 
demonstrated 98%–100% specificity with comparable sensitivity 
to that of p63, indicating its reliability for diagnosing squa-
mous cell carcinoma.9,10,12 Our study was conducted to investigate 
the expression of p40 and p63 in predominantly small biopsies 
and few resected specimens of lung squamous cell carcinoma 
and adenocarcinoma. The present study was in line with previous 
reports in concluding that p40 is more specific than the stan-
dard p63 antibody for diagnosing lung squamous cell carcino-
ma. However, our study demonstrated a lower sensitivity for 
p40 compared to prior studies. 

Based on a literature review, a case with negative p40 is less 
likely to be squamous cell carcinoma. A study by Tacha et al.12 
described six cases of poorly differentiated lung squamous cell 
carcinoma (5.6%) that were negative for p40; subsequent staining 
with other squamous markers were also negative. Kadota et al.5 
reclassified 31 cases (6.5%) of lung tumours that were originally 
diagnosed as squamous cell carcinoma into other histologic 
subtypes based on negative p40 staining. Rekhtman et al.16 re-
classified three tumours with an initial diagnosis of squamous 
cell carcinoma and lack of p40 expression as solid adenocarcinoma. 
In the present study, eight cases originally diagnosed as squa-
mous cell carcinoma were negative for p40. Based on the review 
of histology sections of these cases as well as the p40 findings, 

these cases were reclassified as poorly differentiated or solid type 
adenocarcinoma. Thus, p40 is highly recommended in cases of 
poorly differentiated carcinomas to confirm or exclude the line 
of squamous differentiation. 

Three discrepant cases with p63 positivity, p40 negativity, 
and TTF1 negativity were initially diagnosed as squamous cell 
carcinoma. These cases were poorly-differentiated tumours with 
focal areas displaying squamoid morphology such as intercellular 
bridging and abundant eosinophilic cytoplasm (Fig. 3). TTF1 
is not exhibited in 25% of lung adenocarcinomas, and the three 
discrepant cases in this study could be categorized as adenocar-
cinoma. Since there are few discrepant cases, future studies 
involving larger sample sizes of poorly differentiated cases are 
recommended to determine the sensitivity and specificity of 
p63 and p40 markers in defining subtypes of NSCLC. A three-
panel approach of using p63, p40, and TTF1 in cases of carcino-
ma with complex tumour differentiation would assist in reaching 
a specific diagnosis. 

The majority of cases (92.9%) in the current study were 
small biopsy tissues (n = 65) with only five resected specimens 
(7.1%). As addressed by Travis et al.,3 small biopsy specimens 
may not be representative of the total tumour due to histologic 
heterogeneity of lung cancers. Also, the distinguishable mor-
phologic features of squamous or adenocarcinoma differentia-
tion are only identifiable if the solid tumour component was 
sampled.17 

Two p40 antibodies are available for current laboratory use, 
rabbit polyclonal p40 (RPp40) and mouse monoclonal p40 
(MMp40, BC28). RPp40 was used in the above-mentioned 
studies.5,9,10 Nonaka10 reported variable background staining 
that did not hinder the staining interpretation. RPp40 has been 
demonstrated to stain macrophages in lung tissue and non-spe-
cific cytoplasmic staining in neoplastic cells while MMp40 has 
clear nuclear staining without non-specific background stain-
ing.12 Mouse monoclonal antibody was used in the present 

A B C

Fig. 3. Poorly differentiated tumour with squamous-like morphology. Tumour cells with abundant eosinophilic cytoplasm and distinct cell 
borders (A), intercellular bridges (B), and keratinization features (C).
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study, and distinctive nuclear staining with a clean background 
was observed. 

In summary, we demonstrated strong and diffuse p40 expres-
sion in the majority of lung squamous cell carcinomas and ab-
sence of p40 expression in all lung adenocarcinomas. Expression 
of p63 is similar to that of p40 in lung squamous cell carcinoma, 
but there was variable p63 immunoreactivity in lung adenocar-
cinoma. In poorly differentiated cases, a three-panel approach of 
p63, p40, and TTF-1 may help to distinguish adenocarcinoma 
from squamous cell carcinoma. Thus, p40 is an excellent marker 
for distinguishing lung squamous cell carcinoma from adeno-
carcinoma, and that its expression is equivalent to that of p63 
in lung squamous cell carcinoma.
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Background: Chronic placental inflammation (CPI) has been implicated in the pathogenesis of 
diseases in premature infants, whereas retinopathy of prematurity (ROP) is a major complication 
primarily affecting preterm and very low-birth-weight (VLBW) infants. This study aims to investigate 
the association between CPI and ROP in VLBW infants. Methods: We performed a retrospective 
review of clinical records of VLBW infants born between 2013 and 2016. Placental pathology 
findings including CPI cases were analyzed using logistic regression to study infants’ morbidities 
and other clinical characteristics. Results: A total of 402 infants with a mean (standard deviation) 
gestational age of 28.5 (2.8) weeks and birth weight of 1,027.2 (304.4) g were included. The inci-
dence of ROP was 24.1%. CPI was found in 90 infants (22.4%), among which 28.9% (26 of 90) 
developed ROP, and 21.1% (19 of 90) underwent laser photocoagulation. Lower gestational age, 
lower birth weight, longer duration of oxygen supply, and presence of CPI were associated with 
the development of ROP. After adjustment for gestational age, birth weight, sex, duration of oxygen 
supply, and other overlapping placental pathology, CPI was associated with the odds for type 1 
ROP that required laser photocoagulation (adjusted odds ratio, 2.739; 95% confidence interval, 
1.112 to 6.749; p = .029). Conclusions: CPI was associated with severe ROP requiring treatment 
with laser photocoagulation in VLBW infants.
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▒ ORIGINAL ARTICLE ▒

Preterm birth is associated with an increased risk of perinatal 
mortality and long-term morbidity.1 The pathological findings 
of the placenta often provide valuable information regarding 
the clinical outcomes of preterm infants because the changes in 
the placenta mirror intrauterine environments affecting the fetus.2,3 
Acute and chronic placental inflammations are common pathology 
of preterm birth and are significantly associated with preterm 
birth and neonatal morbidity.1-4 While acute placental inflam-
mation (API) (acute chorioamnionitis and acute funisitis) is caused 
by the infiltration of neutrophils into the placental compart-
ments, chronic placental inflammation (CPI) (chronic chorioam-
nionitis, chronic villitis, and chronic deciduitis) is characterized 
by the infiltration of lymphocytes, plasma cells, and/or macro-
phages.5,6 API accompanies elevation of proinflammatory cyto-
kines such as interleukin (IL)-6 and IL-8 in the amniotic fluid and 
fetal plasma. On the other hand, CPI is associated with elevation 
of antiangiogenic T-cell chemokines CXCL9, CXCL10, and 
CXCL11 in the amniotic fluid and fetal plasma.6 Therefore, it 

is very plausible that API and CPI affect the systemic biology 
of preterm newborns.

Illnesses associated with prematurity include respiratory distress 
syndrome (RDS), intraventricular hemorrhage (IVH), broncho-
pulmonary dysplasia (BPD), and retinopathy of prematurity 
(ROP). The prevalence of ROP has increased because of progres-
sive improvement in the survival of preterm infants. The overall 
incidence of ROP has been reported to be 66% for any severity 
of ROP, 18% for moderately severe ROP, and 6% for severe ROP 
in preterm infants born weighing ≤ 1,250 g.7 Lower gestational 
age (GA), lower birth weight, and longer oxygen supply in the 
postnatal period are known major risk factors for the development 
of ROP.8 Recent studies have suggested an association between 
chorioamnionitis and ROP.8,9 They reported that the incidence 
of ROP has increased more in infants born to mothers with his-
tologic chorioamnionitis than in infants born to mothers without 
chorioamnionitis.1,8,9 An exposure of the immature retina to 
changing levels of oxygen leading to dysregulated expression of 
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retinal growth factors such as vascular endothelial growth factor 
(VEGF) and insulin-like growth factor (IGF) seems to play a major 
role in the development of ROP.9 Maternal systemic inflamma-
tion, as in acute histologic chorioamnionitis, affects the develop-
ment of ROP by decreasing levels of IGF-1,9,10 which causes 
abnormal vascularization of the retina. In view of the relationship 
between acute chorioamnionitis and ROP, we postulated that CPI 
representing maternal antifetal rejection with derangement in 
antiangiogenic chemokines can be associated with the develop-
ment of ROP. This study was conducted to determine if there is 
a relationship between CPI and ROP in very low-birth-weight 
(VLBW) infants who were born less than 1,500 g.

MATERIALS AND METHODS

Study population

This was a retrospective cohort study of VLBW infants born 
at Asan Medical Center Children’s Hospital, a tertiary academic 
center, and admitted to neonatal intensive care unit between Jan-
uary 2013 and December 2016. Infants with major congenital 
malformations or chromosomal abnormalities who died within 
72 hours after birth, transferred to other hospitals, or did not have 
placental biopsies were excluded from analysis (Fig. 1). 

Study design

Perinatal and neonatal clinicopathologic data on each infant 
including placental biopsies and presence of ROP were retrieved 
from the electronic medical records. The Institutional Review 
Board of Asan Medical Center (2017-1058) approved the collec-

tion and use of the clinical information for research purposes 
before the investigation was started and waived the requirement 
for informed consent.

Placental pathology

Placental examinations were routinely performed after delivery 
of VLBW infants. Hematoxylin and eosin–stained sections of 
the amnion, choriodecidua, umbilical cord, and chorionic plate 
were examined by pathologists at the same hospital. Histopath-
ological screening of the placenta was performed according to the 
diagnostic criteria recommend by the Perinatal Section of the 
Society for Pediatric Pathology.11 The placental pathological find-
ings were grouped into four categories: amniotic fluid infection/
inflammation (ACA), maternal vascular underperfusion (MVU), 
fetal vascular thrombo-occlusive disease (FVTOD), and CPI. 
The subtypes of CPI included chronic chorioamnionitis (CCA), 
chronic deciduitis, and villitis of unknown etiology (VUE).12,13 

Examination and treatment of retinopathy of prematurity

We had been performing routine eye examinations of neonates 
whose GA was < 32 weeks or whose birth weight was < 1,800 g. 
Eye examinations were performed at postnatal day 28 or at 32 
weeks in postmenstrual age by an ophthalmologist. Performance 
of follow-up eye examinations depended on the disease severity. 
Diagnoses of ROP were based on the international classifica-
tion.14 Laser treatment was performed for eyes reaching type 1 
ROP. Type 1 ROP was divided into zone I, any stage ROP with 
plus disease; zone I, stage 3 ROP without plus disease; and zone 
II, stage 2 or 3 ROP with plus disease.15 We also included se-

518 VLBWs 
from 2013 to 2016

402 Infants

85 Infants
Acute chorioamnionitis

90 Infants
Chronic placental 

inflammation

149 Infants
Maternal vascular 

underperfusion

40 Infants
Fetal vascular thrombo- 

occlusive disease

43 Infants
Chronic chorioamnionitis

41 Infants
Chronic deciduitis

15 Infants
Villitis of unknown etiology

14 Infants without placental biopsy

  102 Infants exclusions:
     35 Infants died within 72 hours
     35 Infants transferred
     32 Infants with major anomaly & 
          chromosomal disorder

Fig. 1. Study population. VLBW, very low-birth-weight.
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vere ROP as type 1 ROP that required laser photocoagulation.

Clinical data on neonates	

Demographic characteristics such as GA, birth weight, sex, 
history of multiple births, incidence of maternal preeclampsia, 
type of delivery, antenatal steroid use, Apgar scores at 1 and 5 
minutes, presence of major morbidities such as RDS, patent ductus 
arteriosus (PDA), BPD, pulmonary arterial hypertension (PAH), 
significant neurological injury (SNI), necrotizing enterocolitis 
(NEC), and late-onset sepsis (LOS), duration of hospital stay, 
and mortality were obtained for each subject. Significant PDA 
was defined as a condition requiring pharmacological and/or sur-
gical treatment for the mitigation of hemodynamic disturbance. 
PAH was diagnosed based on the use of medication according 
to echocardiographic results. SNI included IVH severer than grade 
III or periventricular leukomalacia. LOS was defined as bacterial 
infection confirmed by a positive blood or cerebrospinal fluid 
culture after postnatal day 7.

Statistical analysis

Statistical analysis was performed using SPSS ver. 23.0 (IBM 
Corp, Armonk, NY, USA). Correlations between CPI and clinical 
outcomes were determined by performing the chi-square test or 
Fisher exact test for categorical data and the t test for continuous 
data. Logistic regression analysis was performed to estimate the 
independent effects of the main explanatory variables of interest. 
Statistical significance was defined as p < .05.

RESULTS

Clinical characteristics of the study population

A total of 518 VLBW infants were eligible for the study. Of 
these 518 infants, 35 infants who died within 72 hours, 35 infants 
who were transferred to other hospitals, 32 infants with major 
anomalies and chromosomal disorders, and 14 infants without 
placental biopsies were excluded from analysis (Fig. 1). A total 
of 402 VLBW infants were included in the analysis. The mean 
(standard deviation) GA, birth weight, and percentage of males 
were 28.5 (2.8) weeks, 1,027.2 (304.4) g, and 51.2%, respectively. 
The mean maternal age was 33.6 (17.1) years. The incidence of 
preeclampsia and intrauterine growth retardation (IUGR) were 
16.9% and 33.1%, respectively. Regarding neonatal morbidity, 
the incidence of RDS, significant PDA, moderate to severe 
BPD, PAH, SNI, NEC ≥ stage 2, and LOS was 59.2%, 41.5%, 
26.1%, 3.0%, 7.8%, 4.7%, and 21.9%, respectively. The inci-
dence of any stage ROP and type 1 ROP requiring laser photo-

coagulation was 24.1% and 11.4%, respectively (Table 1). The 
mean duration of hospital stay of the infants was 67.4 (35.0) 
days, and the mortality rate was 3.9%.

Placental pathology

Of the cases included in this study, 122 did not show any pla-
cental pathological finding. Among the remaining 280 cases, 85 
cases showed findings consistent with ACA, 90 cases showed CPI, 
149 cases showed MVU, and 40 cases showed FVTOD (Fig. 1). 
Two or more placental pathological findings were superimposed 
in 82 cases, and one placental pathological finding was super-
imposed in 198 cases (Fig. 2). Of the 90 cases with CPI, 43 
were with CCA, 41 were with chronic deciduitis, 15 were with 
VUE, and 16 showed overlapping patterns (Fig. 1).

Table 1. Baseline characteristics and morbidity of the study cohort

Variable Value (n = 402)

Neonatal characteristics 
   Gestational age (wk) 28.5 ± 2.8
   Birth weight (g) 1,027.2 ± 304.4
   Male 206 (51.2)
   Multiple births 94 (23.4)
   Maternal age (yr) 33.6 ± 17.1
   Pre-eclampsia 69 (16.9)
   Cesarean section 305 (75.1)
   Antenatal steroid use 363 (90.3)
   Apgar score at 1 min 5.0 (3–7)
   Apgar score at 5 min 7.0 (1–9)
   IUGR 133 (33.1)
Neonatal morbidity
   RDS 238 (59.2)
   Significant PDA 167 (41.5)
   Moderate to severe BPD 105 (26.1)
   Postnatal steroid therapy 96 (23.9)
   Duration of oxygen supply (day) 40.4±2.1
   Pulmonary hypertension 12 (3.0)
   Severe neurologic injury (IVH ≥ grade 3 or PVL) 43 (7.8)
   NEC (≥ stage 2) 19 (4.7)
   ROP (any stage) 97 (24.1)
   Type 1 ROP 46 (11.4)
   Anti-VEGF therapy 14 (2.7)
   LOS 88 (21.9)
   Hospital stay (day) 67.4 ± 35.0
   Mortality 16 (3.9)

Values are presented as mean ± SD, number (%), or mean (IQR).
IUGR, intrauterine growth retardation; RDS, respiratory distress syndrome; 
PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia; IVH, 
intraventricular hemorrhage; PVL, periventricular leukomalacia; NEC, nec-
rotizing enterocolitis; ROP, retinopathy of prematurity; VEGF, vascular endo-
thelial growth factor; LOS, late-onset sepsis; SD, standard deviation; IQR, 
interquartile range.
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Association of CPI and retinopathy of prematurity

Of the 90 cases with CPI, 28.9% (26 of 90) developed any 
stage ROP, and 21.1% (19 of 90) underwent laser photocoagu-
lation (Table 2). The infants with CPI showed a significantly 
lower GA (p = .007) and had a higher incidence of any stage ROP 
and history of laser photocoagulation treatment than the infants 
without CPI did (p = .021 and p = .003). Other characteristics 
were not significantly different between the two groups (Table 2).

Lower GA, lower birth weight, severe BPD, and longer dura-

tion of oxygenation treatment were associated with greater in-
creases in the incidence of type 1 ROP. According to the patho-
logical findings of the placenta, CPI and ACA statistically correlated 
with any stage ROP (odds ratio [OR], 2.050; 95% confidence 
interval [CI], 1.170 to 3.592; p = .038 and OR, 2.079; 95% CI, 
1.177 to 3.671; p = .012) and type 1 ROP for laser photocoagu-
lation (OR, 2.825; 95% CI, 1.487 to 5.367; p = .002 and OR, 
1.977; 95% CI, 1.012 to 3.862; p = .046) in univariate analysis 
(Table 3).

A B

Fig. 2. Microscopic features of chronic chorioamnionitis and acute funisitis (representative case). (A) Lymphocytes (arrow) infiltrate into the 
chorionic trophoblast layer of the chorioamniotic membrane. (B) Neutrophils (arrow) infiltrate into the smooth muscle layer of the umbilical 
artery.

Table 2. Characteristics of infants on the basis of CPI

Variable Non-CPI (n = 312) CPI (n = 90) p-value

Gestational age (wk) 29.1 ± 2.9 28.4 ± 3.2 .007*
Birth weight (g) 1,064.7 ± 286.9 1,012.5 ± 309.1 .589
Sex .506
   Male 154 (49.3) 48 (53.3)
   Female 158 (50.6) 42 (46.7)
Pre-eclampsia 78 (25.0) 9 (10.0) .031*
Antenatal steroid use 284 (91.0) 79 (87.8) .398
IUGR 107 (34.3) 26 (28.9) .338
RDS 177 (56.7) 61 (67.8) .068
Significant PDA 127 (40.7) 40 (44.4) .531
Moderate to severe BPD 79 (25.3) 26 (28.9) .497
Postnatal steroid therapy 72 (23.1) 24 (26.7) .496
Duration of oxygen supply (day) 41.4 ± 38.2 41.0 ± 38.1 .163
Severe neurologic injury (IVH ≥ grade 3 or PVL) 34 (10.9) 9 (10) .051
NEC (≥ stage 2) 15 (4.8) 4 (4.4) .882
LOS 65 (20.8) 23 (25.6) .164
ROP (any stage) 71 (22.8) 26 (28.9) .021*
Type 1 ROP 27 (8.6) 19 (21.1) .003*
Hospital days (day) 66.5 ± 36.0 72.6 ± 36.1 .154

Values are presented as mean ± SD or number (%).
CPI, chronic placental inflammation; IUGR, intrauterine growth retardation; RDS, respiratory distress syndrome; PDA, patent ductus arteriosus; BPD, broncho-
pulmonary dysplasia; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; NEC, necrotizing enterocolitis; LOS, late-onset sepsis; ROP, retinop-
athy of prematurity; SD, standard deviation.
*p < .05.
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Table 4 compares the placental pathological findings in terms 
of their effect on any stage ROP and type 1 ROP. Multiple logistic 
regression analysis adjusted for GA, birth weight, sex, incidence 
of preeclampsia and IUGR, duration of oxygen supply, and 
overlapping placental pathology was performed. CPI was found 
to be independently associated with type 1 ROP (adjusted OR, 
2.739; 95% CI, 1.112 to 6.749; p = .029). ACA was significantly 
associated with type 1 ROP in the univariate analysis, but not with 
type 1 ROP after adjustment analysis. Any stage ROP was not 
significantly associated with any placental finding after adjustment 
analysis.

DISCUSSION

Many investigators have studied the relationship between pla-
cental lesions in VLBW infants and clinical complications be-
cause examinations frequently provide information valuable for 
the management of neonates.2,4-6 For example, the presence of 
acute chorioamnionitis and funisitis indicates in utero fetal systemic 
inflammation as a consequence of ACA.16 In this study, we showed 
a significant correlation between CPI and severe ROP that re-
quired laser photocoagulation (type 1 ROP) in VLBW infants 
for the first time. 

A prominent cause of visual impairment and blindness in chil-
dren, ROP is a developmental perturbation of the retina.9,17,18 

Table 3. Logistic regression analysis to identify risk factors for any stage ROP and type 1 ROP

Variable
Any stage ROP Type 1 ROP

No ROP 
(n = 305)

ROP 
(n = 97)

OR 
(95% CI)

p-value
No type 1 

ROP (n = 356)
Type 1 ROP  

(n = 46)
OR (95% CI) p-value

Gestational age (wk) 30.0 ± 2.5 25.7 ± 1.7 0.872 (0.847–0.897) < .001* 30.4 ± 2.8 25.1 ± 1.5 0.882 (0.853–0.911) < .001*
Birth weight (g) 1,152.5 ± 239.5 740.6 ± 212.9 0.993 (0.992–0.995) < .001* 1100 ± 267.7 680.8 ± 198.7 0.993 (0.991–0.995) < .001*
Male 157 (51.5) 49 (50.5) 1.000 (0.329–1.126) .339 179 (50.3) 23 (50.0) 1.000 (0.504–1.305) .219
Pre-eclampsia 62 (20.3) 7 (7.2) 0.919 (0.383–2.205) .851 66 (18.5) 3 (6.5) 0.295 (0.089–0.981) .046*
Antenatal steroid 271 (88.9) 92 (94.8) 1.547 (0.484–4.942) .461 321 (90.2) 42 (91.3) 1.145 (0.388–3.382) .807
IUGR 114 (37.3) 19 (19.6) 0.369 (0.323–1.265) .199 125 (35.1) 8 (17.4) 0.389 (0.176–0.860) .020*
Moderate to severe BPD 40 (13.1) 65 (67.0) 0.503 (0.361–0.508) < .001* 67 (18.8) 38 (82.6) 0.467 (0.281–0.410) < .001*
Postnatal steroid therapy 34 (11.1) 62 (63.9) 0.512 (0.380–0.531) < .001* 60 (16.8) 36 (78.3) 0.399 (0.382–0.606) < .001*
Duration of oxygen treatment (day) 27.9 ± 26.1 81.2 ± 42.7 1.054 (1.042–1.066) < .001* 33.5 ± 31.3 98.6 ± 38.4 1.044 (1.031–1.057) < .001*
Placental pathology
   CPI 64 (21.0) 26 (26.8) 2.050 (1.170–3.592) .038* 71 (19.9) 19 (46.3) 2.825 (1.487–5.367) .002*
   CCA 33 (10.8) 10 (10.3) 0.159 (0.691–3.152) .159 36 (10.1) 7 (15.2) 1.590 (0.663–3.816) .299
   Chronic deciduitis 29 (9.5) 12 (12.4) 0.244 (0.874–3.872) .244 33 (9.3) 8 (17.4) 2.061 (0.887–4.784) .093
   VUE 13 (4.3) 2 (2.1) 0.139 (0.042–2.501) .139 15 (4.2) 0 0.237 (0.013–4.413) .335
   ACA 53 (17.4) 32 (33.0) 2.079 (1.177–3.671)  .012* 70 (19.7) 15 (32.6) 1.977 (1.012–3.862) .046*
   MVU 118 (38.7) 31 (32.0) 0.744 (0.452–1.344) .744 134 (37.6) 15 (32.6) 0.802 (0.417–1.540) .507
   FVTOD 29 (9.5) 11 (11.3) 0.806 (0.325–2.000) .642 36 (10.1) 4 (8.7) 0.847 (0.287–2.498) .763

Values are presented as mean ± SD or number (%).
ROP, retinopathy of prematurity; OR, odds ratio; CI, confidence interval; IUGR, intrauterine growth retardation; BPD, bronchopulmonary dysplasia; CPI, chron-
ic placental inflammation; CCA, chronic chorioamnionitis; VUE, villitis of unknown etiology; ACA, amniotic fluid infection/inflammation; MVU, maternal vascular 
underperfusion; FVTOD, fetal vascular thrombo-occlusive disease; SD, standard deviation.
*p < .05.

Table 4. Placental histology associated with any stage ROP and type 1 ROP

Placental 
pathology

No ROP Any stage ROP Type 1 ROP

Adjusted OR (95% CI) p-valuea Adjusted OR (95% CI) p-valuea Adjusted OR (95% CI) p-valuea

CPI 1.008 (0.492–2.068) .982 1.647 (0.702–3.992) .246 2.739 (1.112–6.749) .029*
ACA 0.811 (0.429–1.940) .811 1.267 (0.531–3.023) .594 0.833 (0.319–2.173) .708
MVU 0.630 (0.315–1.261) .630 2.036 (0.865–4.792) .103 0.570 (0.211–1.539) .267
FVTOD 0.815 (0.298–2.226) .690 1.080 (0.360–3.240) .126 0.424 (0.141–1.272) .126

Chronic placental inflammation was statistically associated with type 1 ROP by multiple logistic regression analysis.
ROP, retinopathy of prematurity; OR, odds ratio; CI, confidence interval; CPI, chronic placental inflammation; ACA, amniotic fluid infection/inflammation; MVU, 
maternal vascular underperfusion; FVTOD, fetal vascular thrombo-occlusive disease.
*p < .05.
aAdjusted for gestational age, birth weight, sex, duration of oxygen treatment, pre-eclampsia, IUGE and the overlapping placental pathology.
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The structural characteristics of ROP include the initial cessation 
of retinal vascularization and subsequent proliferation of retinal 
vessels.17,19 ROP is caused by impaired autoregulation of the ret-
inal blood vessels and sudden postnatal oxygen tension. Retinal 
neovascularization in ROP cases involves angiogenic factors such 
as VEGF in preterm infants and VLBW infants.20-22 Recent studies 
have reported that lower GA, lower birth weight, and excessive 
oxygen exposure are major risk factors for ROP.20-23 Other studies 
demonstrated that both antenatal and neonatal exposures to in-
flammation are consistently associated with an increased risk of 
ROP as well as cerebral white matter damage and BPD in preterm 
infants.9,24,25 The formation of new blood vessels from existing 
vessels, angiogenesis, is affected not only by normal physiological 
growth, but also by pathological events such as inflammation.24,26 
Inflammation is a host defense mechanism serving to protect 
tissues from infection and injury, and studies have shown that pro-
inflammatory cytokines such as tumor necrosis factor α and IL-1 
function as proangiogenic factors.24,27-29

Although oxygen supply is far better managed by using non-
invasive ventilators today, ROP remains a major issue because 
survival rates of infants with extremely low GA and birth weight 
and immature retinas at high risk of ROP have substantially 
increased. The lack of in utero angiogenic factors such as VEGF, 
IGF-1, and erythropoietin significantly increases the risk of 
ROP.20,30 Omega long-chain polyunsaturated fatty acids, which 
are provided by maternal and fetal interaction, are also important 
for retinal development.30-32 Therefore, the risk of ROP may 
increase in cases of intrauterine insufficiency of angiogenic factors 
in infants with lower GA and birth weight.

It has been recently proposed that idiopathic CPI is a feature of 
maternal antifetal rejection mimicking allograft rejection.12 The 
placenta and fetus are semiallografts to the mother, and fetal (pa-
ternal) human leukocyte antigen-specific antibodies are detected 
in the sera of subsets of pregnant women.6,12 CPI is characterized 
by the infiltration of maternal CD8+ T cells into fetal placental 
tissues and associated with the overexpression of C-X-C–motif 
chemokines such as CXCL9, CXCL10, and CXCL11 in placental 
tissues.6,12 Also a marker of CPI coupled with maternal-fetal re-
jection,33,34 elevation of CXCL10 level has been shown to occur in 
the event of rejection of allografts such as the liver and kidneys.35 

The findings in this study suggest that CPI may be at least 
partially responsible for the increased incidence of severe ROP 
that required laser photocoagulation after adjustment for GA, 
birth weight, sex, duration of oxygen supply, and other overlap-
ping placental pathologies. We did not adjust for BPD because 
the condition is a confounding variable overlapping with the 

duration of oxygen supply. The association between CPI and se-
vere ROP suggests that maternal-fetal rejection associated with 
increased fetal plasma antiangiogenic CXCL10 level contributes 
to abnormal angiogenesis of the retina in VLBW infants. A rela-
tionship between the subtypes of ROP and the intrauterine envi-
ronment that triggers preterm birth also has been proposed.36 
Likewise, acute chorioamnionitis may increase the risk of ROP 
by directly sensitizing the developing retina to oxygen-induced 
changes in VEGF availability and subsequent vascular devel-
opment or by causing systemic hypotension resulting in retinal 
hypoperfusion or ischemia.8,9,25 

Decreased production of placental growth factors (PGF), 45- 
to 50-kDa dimeric glycoproteins with 53% sequence homology 
with VEGF, plays a key role in placental angiogenesis.37-40 PGF 
may have therapeutic potential in cases of disorders associated 
with problems of angiogenesis such as cancer, retinopathy, and 
certain inflammatory disorders.40 This is another piece of evidence 
indicating the importance of placenta-derived growth factors for 
developmental angiogenesis. Therefore, it is plausible that CPI-
mediating antiangiogenic effects lead to deregulated angiogenesis 
of ROP in VLBW infants.

There are some limitations of our study. First, it was a retro-
spective study of a relatively small number of inborn infants at 
a single hospital; thus, the findings might not extrapolate to a 
larger population. Second, multiple pathological diagnoses were 
given in some cases, which can interfere with the strength of the 
association. Third, in the association between CPI and type 1 
ROP, we had a wide confidence interval (1.112–6.749) because 
many factors may play a contributory role in ROP development. 
Despite these limitations, this study demonstrates an association 
between CPI and severe ROP in VLBW infants. Future studies 
that examine the direct causality of CPI in the development of 
retinal damage and ROP are needed.

In conclusion, the pathological findings of the placenta are 
important in predicting the outcomes of preterm infants and 
VLBW infants. This study shows for the first time that CPI may 
affect the development of type 1 ROP requiring treatment of 
laser photocoagulation in VLBW infants.
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Background: A receptor tyrosine kinase for ephrin ligands, EPHB2, is expressed in normal 
colorectal tissues and colorectal cancers (CRCs). The aim of this study was to investigate EPHB2 
expression over CRC progression and determine its prognostic significance in CRC. Methods: To 
measure EPHB2 mRNA and protein expression, real-time polymerase chain reaction and immu-
nohistochemistry were performed in 32 fresh-frozen and 567 formalin-fixed paraffin-embedded 
CRC samples, respectively. We further investigated clinicopathological features and overall and 
recurrence-free survival according to EPHB2 protein expression. Results: The EPHB2 level was 
upregulated in CRC samples compared to non-cancerous tissue in most samples and showed a 
strong positive correlation with AXIN2. Notably, CD44 had a positive association with both mRNA 
and protein levels of EPHB2. Immunohistochemical analysis revealed no difference in EPHB2 
expression between adenoma and carcinoma areas. Although EPHB2 expression was slightly 
lower in invasive fronts compared to surface area (p < .05), there was no difference between su-
perficial and metastatic areas. EPHB2 positivity was associated with lymphatic (p < .001) and venous 
(p = .001) invasion, TNM stage (p < .001), and microsatellite instability (p = .036). Kaplan–Meier 
analysis demonstrated that CRC patients with EPHB2 positivity showed better clinical outcomes 
in both overall (p = .049) and recurrence-free survival (p = .015). However, multivariate analysis 
failed to show that EPHB2 is an independent prognostic marker in CRCs (hazard ratio, 0.692; p = 

.692). Conclusions: Our results suggest that EPHB2 is overexpressed in a subset of CRCs and is 
a significant prognostic marker.

Key Words: EPHB2; Colorectal neoplasms; Immunohistochemistry; Prognosis

Received: May 23, 2018
Revised: June 25, 2018
Accepted: June 29, 2018

Corresponding Author
Gyeong Hoon Kang, MD, PhD
Department of Pathology, Seoul National University 
College of Medicine, 103 Daehak-ro, Jongno-gu, 
Seoul 03080, Korea
Tel: +82-2-740-8263
Fax: +82-2-740-5533
E-mail: ghkang@snu.ac.kr

Journal of Pathology and Translational Medicine 2018; 52: 298-306
https://doi.org/10.4132/jptm.2018.06.29

▒ ORIGINAL ARTICLE ▒

The receptor tyrosine kinases (RTKs) are transmembrane gly-
coproteins that are important regulators of cell growth, differen-
tiation, and migration. The 16 vertebrate EPH receptors form 
the largest subgroup of RTKs and are subdivided into EPHA and 
EPHB kinases depending on homology and binding specificity 
to their cell-bound ligands called ephrins.1 In cooperation with 
membrane-bound ephrins, EPHs organize tissue patterning, cell 
positioning, and organ patterning and regulate cell growth during 
normal and tumor development.2-4 Studies on EPHs and ephrins 
initially focused on the patterning of embryonic tissue, but have 
since also shown important roles in adult tissue and organ main-
tenance, regeneration, and a variety of other processes, including 
synaptic plasticity and response to nerve damage, bone remodel-
ing, stem cell location and proliferation, and cancer development.5

Numerous studies have implicated a role for EPH–ephrin 
signaling in cancer progression. In recent years, abnormal ex-
pression of EPH genes has been reported in a wide range of human 
malignancies such as neuroblastoma6 and carcinomas of breast,7 

lung,8 gastric,9 prostate,10 ovary,11 colon,12 and skin.13 Many re-
searchers have suggested a role for EPHs and ephrins in colorectal 
cancers (CRCs), in particular EPHB2 is the most expressed EPH 
receptor in the normal intestine and is mainly produced in epi-
thelial cells.14 Analysis of EPHB2 and EPHB3 in colon tumor 
mouse models demonstrated that upregulated expression resulted 
in dysregulated epithelial cell migration in the crypt villus junc-
tion, indicating a role for EPH receptors in colon cancer.15 In this 
study, we investigated the expression of EPHB2 in human CRC 
samples and assessed its expression profile during CRC progres-
sion. In addition, we examined the prognostic significance of 
EPHB2 positivity in a large cohort of human CRC patients. 

MATERIALS AND METHODS

Subjects 

CRCs were collected from 567 patients who underwent surgical 
resection at Seoul National University Hospital (SNUH) between 
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2004 and 2006. Clinicopathological data of patient age, sex, 
tumor location, size, histological subtype, differentiation, presence 
of lympho-vascular invasion, American Joint Committee on 
Cancer/International Union against Cancer (AJCC/UICC) can-
cer stage (seventh edition), time of death, tumor recurrence, and 
follow-up time were obtained by reviewing the clinical and path-
ological reports. Fifty-six CRC samples were obtained from pa-
tients at Jeju National University Hospital (JNUH); 22 cases 
were CRCs arising from preexisting adenomas, and 34 cases 
were conventional CRCs with lymph node metastasis. The histo-
pathologic features were evaluated by two gastrointestinal pathol-
ogists (J.M.B and G.H.K) for CRCs from SNUH and by one 
pathologist (B.G.J) for CRCs from JNUH. In addition, 32 
paired, fresh-frozen CRC tissues and matched normal tissues were 
obtained from the Jeju National University Hospital Biobank, 
a member of the National Biobank of Korea, for which informed 
consent was obtained from all subjects. All procedures were in 
accordance with the Helsinki Declaration of 1964 and later 
versions, and this study was approved by the Institutional Re-
view Boards of SNUH (IRB No. 1502-029-647) and JNUH 
(IRB No. 2017-04-001).

Tissue microarray construction

Thirteen tissue microarrays (TMAs) containing 642 CRCs 
from SNUH were generated as previously described.16 In brief, 
through histologic examination, the representative cancer areas 

containing more than 70% of cells were marked in each case. For 
each CRC, core tissue biopsies (2 mm in diameter) were obtained 
from individual formalin-fixed paraffin-embedded samples (donor 
blocks) and arranged in a new recipient paraffin block (tissue 
array block) using a trephine apparatus (SuperBioChips Labo-
ratories, Seoul, Korea). With CRCs from JNUH, two TMAs 
including 22 pairs of adenoma and carcinoma areas and five 
TMAs including 34 ulcerofungating CRCs with lymph node 
metastasis were constructed with 4 mm cores. For ulcerofungating 
CRCs, superficial and invasive portions, and metastatic cancers 
in the lymph node were included. 

Immunohistochemistry

Immunohistochemistry was performed on 4-μm TMA sections 
using a Ventana BenchMark XT Staining systems (Leica Micro-
systems, Wetzlar, Germany) according to the manufacturer’s in-
structions. The primary antibodies used were anti-EPHB2 (1:700, 
R&D Systems, Minneapolis, MN, USA), anti-CD44 (1:100, 
Novocastra Laboratories Ltd., Newcastle upon Tyne, UK), and 
anti-β-catenin (1:800, 17C2, Novocastra Laboratories). The expres-
sion of EPHB2 and CD44 was determined by examining the 
tumor cell membrane. For each tumor, the intensity and percent-
age of tumor cells expressing EPHB2 (n = 567) or CD44 (n = 

87) were evaluated. Histoscores (H-scores) were calculated by 
multiplying the intensity score (0, negative; 1, weak; 2, moderate; 
and 3, strong) and percentage of positive tumor cells (range, 0 to 
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100), ranging from 0 to 300. For statistical analyses for EPHB2, 
we used a cutoff of 40 on the basis of the distribution of the H-
scores (median value, 40). CRCs with H-score of 40 or lower 
were classified as negative, while cases with H-score higher than 
40 were classified as positive. β-Catenin staining was considered 
positive when more than 10% of tumor cell nuclei were strongly 
stained. 

RNA extraction and quantitative real-time polymerase chain 
reaction

Total RNA was extracted from 32 paired fresh-frozen CRCs 
and matched non-cancerous colon tissues using TRIZOL reagent 
(Invitrogen, Carlsbad, CA, USA). RNA (1 μg) was subjected to 
reverse-transcription with oligo-dT primers and the GoScript 

reverse transcription system (Promega, Madison, WI, USA). 
Complementary DNA was used to conduct real-time polymerase 
chain reaction (PCR) with Premix EX Taq (Takara Bio, Shiga, 
Japan) following the manufacturer’s instructions. The cycling 
conditions were as follows: initial denaturation for 30 seconds 
at 95˚C, followed by 40 cycles of 95˚C for 1 second and 60˚C 
for 5 seconds in a StepOne Plus real-time PCR system (Applied 
Biosystems, Foster City, CA, USA). The TaqMan expression as-
says were performed for the following genes: Hs00362096_m1 
(EPHB2), Hs00610344_m1 (AXIN2), Hs02379687_s1 (CD24), 
Hs01075684_m1 (CD44), Hs01009250_m1 (PROM1/CD133), 
Hs00233455_m1 (ALCAM/CD166), and Hs02786624_g1 
(GAPDH). GAPDH served as the endogenous control.
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cancers. (G) Scatter plot with a regression line showing a positive correlation between EPHB2 and CD44 expression. H-scores, Histoscores.
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BRAF and KRAS mutation and microsatellite instability 
analysis

Thorough microscopic examination, representative cancer areas 
in each case were marked, microdissected, and then incubated 
at 55˚C with lysis buffer and proteinase K for 2 days. KRAS co-
dons 12 and 13 and BRAF codon 600 mutations were deter-
mined by PCR-restriction fragment length polymorphism and 
direct sequencing techniques. Among the 567 CRCs, 29 and five 
samples were excluded from the KRAS and BRAF mutation 
analyses, respectively, due to an insufficient DNA amount. The 
microsatellite instability (MSI) status of each cancer tissue was 
determined using five National Cancer Institute recommended 
markers (BAT25, BAT26, D2S123, D5S346, and D17S250). 
The MSI status of each case was classified into three groups: MSI-
high (two or more unstable markers among the five markers), MSI-

low (one unstable marker), or microsatellite stable (no unstable 
marker).

CpG island methylator phenotype analysis

CpG island methylator phenotype (CIMP) status was deter-
mined by MethyLight assay. Sodium bisulphite modification of 
genomic DNA samples was conducted for all 567 CRC tissues, 
as previously described.17 The methylation statuses of eight 
CIMP-specific CpG islands (MLH1, NEUROG1, CRABP1, 
CACNA1G, CDKN2A [p16], IGF2, SOCS1, and RUNX) were 
quantified. CIMP-high was defined as having five or more hyper-
methylated markers, and CIMP-low was defined as having four 
or fewer hypermethylated markers out of eight. CIMP-negative 
was defined as having no hypermethylated marker.
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Statistical analysis

All data were analyzed using SPPSS statistical software ver. 
18.0 (SPSS Inc., Chicago, IL, USA) and Prism ver. 5.0 (Graph-
Pad Software, San Diego, CA, USA). The correlations between 
EPHB2 and cancer stem cell markers or CD44 were evaluated 
by the Spearman correlation test. Between-group comparisons 

of the real-time PCR data were performed using Student’s t-test. 
The correlations between EPHB2 positivity and clinicopatho-
logical parameters were tested using Pearson’s chi-square test or 
Fisher exact test. Survival curves were estimated using the Kaplan-
Meier method, and log-rank test was used to compare groups. 
Using Cox proportional hazards model, multivariate analyses 
were performed to identify independent prognostic factors. A 
p-value of < .05 was considered statistically significant. 

RESULTS

EPHB2 is upregulated in human CRCs 

To measure the expression level of EPHB2 in CRCs, we per-
formed real-time PCR with 32 pairs of fresh-frozen human CRC 
samples and adjacent normal colon tissues. Comparing individual 
cases, EPHB2 mRNA expression was higher in CRC samples 
than in non-cancerous tissues in most samples (77%, 25 out of 
32 cases) (Fig. 1A), and the mean EPHB2 level was also signifi-
cantly higher in CRCs than in matched colon tissues (p < .01) 
(Fig. 1B). EPHB2, a Wnt signaling target gene, showed a strong 
positive correlation with AXIN2, a direct target of the Wnt path-
way (p < .001), confirming enhanced Wnt signaling activity in 
CRCs (Fig. 1C). As EPHB2-high cancer cells have been sug-
gested as a cancer stem cell population in CRCs,18 we investi-
gated the correlations between EPHB2 expression and expression 
of other candidate cancer stem cell (CSC) markers CD24, CD44, 
CD133, and CD166. Notably, we found that only CD44 showed 
a positive association with EPHB2 (p = .030) (Fig. 1D–G), which 
was confirmed at the protein level by a positive correlation between 
EPHB2 and CD44 H-scores in CRCs (n = 87) (Fig. 2). 

EPHB2 expression during CRC progression

To explore the expression profile of EPHB2 expression during 
CRC progression, we collected 22 cases of CRCs arising from 
pre-existing adenomas and measured the H-scores of EPHB2 in 
adenoma and carcinoma portions (Fig. 3A). However, no difference 
in H-scores was observed between the adenoma and carcinoma 
areas (Fig. 3B). Next, we collected 34 ulcerofungating CRCs with 
lymph node metastasis and examined the H-scores in three spots 
for each cancer: the superficial fungating area, invasive fronts, 
and metastatic cancer cells (Fig. 3C, D). EPHB2 expression was 
slightly lower in invasive fronts compared to surface area (p < 

.05), but did not differ between superficial and metastatic areas 
(Fig. 3E). 

Table 1. Associations between EPHB2 and clinicopathological 
characteristics

Total 
EPHB2

p-value
Negative Positive 

No. of patients 567 (100) 259 (46) 308 (54)
Age (yr)
   ≥ 60 319 (56) 127 (40) 192 (60) .002a

   < 60 248 (44) 132 (53) 116 (47)
Sex
   Male 343 (61) 161 (47) 182 (53) .491a 
   Female 224 (39) 98 (44) 126 (56)
Location
   Proximal 148 (26) 65 (44) 83 (56) .632a

   Distal 419 (74) 194 (46) 225 (54)
Differentiation
   WD 44 (8) 16 (36) 28 (64) .064b

   MD 504 (89) 230 (46) 274 (54)
   PD 19 (3) 13 (68) 6 (62)
Lymphatic invasion
   Negative 323 (57) 110 (34) 213 (66) < .001a  

   Positive 244 (43) 149 (61) 95 (39)
Venous invasion
   Negative 493 (87) 212 (43) 287 (57) .001a 
   Positive 74 (13) 47 (64) 27 (36)
T category
   T1 20 (3) 4 (20) 16 (80) < .001b   
   T2 90 (16) 25 (28) 65 (72)
   T3 408 (72) 197 (48) 211 (52)
   T4 49 (9) 33 (67) 16 (33)
N category
   N0 298 (53) 111 (37) 187 (63) < .001b  

   N1 151 (27) 68 (45) 83 (55)
   N2 118 (21) 80 (68) 38 (32)
M category
   M0 473 (83) 205 (43) 268 (57) .013a 
   M1 94 (17) 54 (57) 40 (43)
Tumor stagec 
   I 91 (16) 24 (26) 67 (74) < .001b   
   II 186 (33) 76 (41) 110 (59)
   III 196 (35) 105 (54) 91 (46)
   IV 94 (17) 54 (57) 40 (43)
β-catenin 
   No nuclear stain 212 (37) 110 (52) 102 (48) .024a

   Nuclear stain 355 (63) 149 (42) 206 (58)

Values are presented as number (%).
aFisher’s exact test; bPearson chi-square test; cAmerican Joint Committee 
on Cancer 7th edition.
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Clinicopathological and prognostic significance of EPHB2 
expression in CRCs

To investigate the prognostic value of EPHB2 in CRCs, im-
munohistochemical staining was performed on 12 TMAs, and 
567 cases were included for the analysis. The clinicopathological 
relevance of EPHB2 positivity is summarized in Table 1. EPHB2 
expression was significantly higher in CRCs from old patients (p = 

.002). EPHB2 positivity exhibited negative correlations with 
lymphatic (p < .001) and venous (p = .001) invasion, T category (p 

< .001), N category (p < .001), M category (p = .013), and tumor 
stage (p < .001). Nuclear β-catenin staining was observed more 
frequently in EPHB2-positive CRCs (Table 1, Fig. 4). EPHB2 
positivity was higher in CRCs with MSI-high than in those with 
MSI-negative/low, whereas EPHB2 expression had no correlation 
with mutation status of BRAF, KRAS, or CIMP (Table 2). Ka-
plan-Meier analysis demonstrated that CRC patients with 
EPHB2 positivity showed better clinical outcomes in both over-
all (p = .048) (Fig. 5A) and recurrence-free survival (p = .015) 

Table 2. Associations between EPHB2 expression and molecular characteristics 

Total 
EPHB2

p-value
Negative Positive 

No. of patients 567 (100) 259 (46) 308 (54)
CIMP
   Negative/Low 528 (93) 237 (45) 291 (55) .163a

   High 39 (7) 22 (56) 17 (44)
MSI
   Negative/Low 519 (91) 244 (47) 275 (53) .036a

   High 48 (9) 15 (31) 33 (69)
KRAS (n = 538)
   Wt 390 (73) 181 (46) 209 (54) .347a

   Mt 148 (27) 62 (42) 86 (58)
BRAF (n = 562)
   Wt 531 (95) 243 (46) 288 (54) .443a

   Mt 31(5) 12 (39) 19 (61)

CIMP, CpG island methylator phenotype; MSI, microsatellite instability; Wt, wild type; Mt, mutation.
aPearson chi-square test.
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Fig. 4. Representative cases showing negative EPHB2 and nuclear β-catenin expression (A–C) and positive EPHB2 and nuclear β-catenin 
(D–F) expression in colorectal cancers. 
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(Fig. 5B). However, multivariate analysis failed to show EPHB2 
as an independent prognostic marker in CRCs (hazard ratio, 
0.692; p = .692) (Table 3). 

DISCUSSION

A number of studies have reported that a direct correlation is 
present between loss of EPHB2 and CRC progression,12,19-21 
and EPHB2 decline was shown to be attributed to promoter 
methylation.22 To verify downregulation of EPHB2 with CRC 
progression, we attempted to find the difference in EPHB2 ex-
pression between adenoma and carcinoma portions and between 
superficial, invasive fronts, and metastatic cancers in the lymph 
nodes. However, we only observed a slight reduction in EPHB2 
level in invasive fronts compared to superficial tumor cells. On 
the other hand, EPHB2 expression remained persistent during 
adenoma-carcinoma transition and lymph node metastasis. Our 
results suggest that enhanced EPHB2 level in CRCs tends to 
persist during cancer progression. The discrepancy may be in 
part explained by the difference in CRC samples and methods, 

and further studies are required to clarify the alterations in EPHB2 
expression during CRC progression and metastasis. 

The prognostic significance of EPHB2 expression in CRCs 
has been controversial. Some reports have shown that EPHB2 
overexpression is associated with prolonged survival in CRCs.19,23 
On the contrary, Merlos-Suarez et al.18 have suggested that EPHB2-
high expression identifies CRC stem cells and increased risk of 
recurrence. With a large cohort of human CRCs in this study, we 
demonstrated that membranous EPHB2 expression is negatively 
correlated with lympho-vascular invasion and was a prognostic 
marker associated with better overall and recurrence-free survival. 
A tumor suppressor role for EPHB2 has been described in various 
cancers including prostate, breast cancers, and CRC. In particular, 
it has been suggested that EPH2 compartmentalizes the expan-
sion of CRC cells through a mechanism dependent on E-cadherin-
mediated adhesion; in turn, this compartmentalization restricts 
the spread of EPHB2-expressing CRC cells.24 Therefore, it is 
reasonable to hypothesize that EPHB2-mediated signaling pre-
vents cancer progression by suppressing cancer migration and 
invasion, leading to better clinical outcomes for EPHB2-positive 

Fig. 5 . Prognostic significance of EPHB2 expression in overall (A) and recurrence-free (B) survival in colorectal cancers. 

Table 3. The results of multivariate analysis for survival rate in colorectal cancers

Variable HR 95% CI p-valuea

Age (> 60 yr/< 60 yr) 1.720 1.247–2.374 .001
Site (distal/proximal) 0.741 0.536–1.025 .070
Differentiation (poor/moderate/well) 1.405 0.849–2.326 .186
Lymphatic invasion (positive/negative) 1.058 0.754–1.485 .742
Venous invasion (positive/negative) 1.766 1.230–2.535 .742
Tumor stage (IV/III/II/I) 2.789 2.248–3.460 < .001
EPHB2 (positive/negative) 0.692 0.679–1.293 .692

HR, hazard ratio; CI, confidence interval.
aCox proportional hazard model.
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CRC patients. 
In the intestinal epithelium, EPHB2 signaling controls the 

positioning of cell types along the crypt-villus axis.15 In addition, 
EPHB2 belongs to the signature genes enriched in the intestinal 
stem cells, one of the β-catenin and Tcf4 target genes regulated 
by the Wnt signaling pathway. The most common mutation in 
CRCs is inactivation of the adenomatous polyposis coli gene, 
resulting in abnormal Wnt activation. Thus, it is possible to 
speculate that enhanced Wnt signaling activity might be respon-
sible for elevated EPHB2 expression in CRCs, which was sup-
ported by our finding of a strong correlation of EPHB2 mRNA 
expression with AXIN2, another Wnt pathway target gene. 
Moreover, we observed that nuclear β-catenin expression, a hall-
mark of abnormal Wnt activity, was significantly associated 
with EPHB2 expression, suggesting that the Wnt pathway is 
likely to be responsible for EPHB2 upregulation in CRCs. 

EPHB2-high cells were used to isolate CRC cells with intestinal 
stem cell-like phenotype positioned at the bottom of tumor struc-
tures reminiscent of crypts, which displayed robust tumor-initi-
ating capacity as well as long-term self-renewal potential, indi-
cating a CSC population.18 As several genes such as CD24, 
CD44, CD133, and CD166 have also been proposed as CSC 
markers in CRCs, we investigated whether EPHB2 expression is 
associated with any of these candidate CSC markers and found 
that only CD44 has a positive correlation with EPHB2 mRNA 
expression, and this finding was consistent with the immuno-
histochemical analysis showing a positive correlation between 
H-scores of EPHB2 and CD44. It would be worthwhile to explore 
the interactions between CD44 and EPHB2 in CRCs through 
double staining or an in vitro study. 

In conclusion, upregulated EPHB2 expression persists during 
adenoma-carcinoma transition and lymph node metastasis, but 
slightly declines in the invasive fronts of CRCs. EPHB2 positivity 
is negatively correlated with lymphatic and venous invasion and 
TNM stage, but positively correlated with MSI-high. In addition, 
EPHB2 is significantly associated with better clinical outcomes 
in CRCs. Taken together, our findings suggest that EPHB2 can 
be used as a prognostic marker for CRC patients.
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Background: Although several studies have shown the role of interleukin-31 (IL-31) and its recep-
tors in inducing pruritus in certain skin disorders, knowledge of its role in post-burn hypertrophic 
scars is insufficient. Therefore, the histopathological expression levels of IL-31, IL-31 receptor alpha 
(IL-31RA), and oncostatin M receptor (OSMR) in post-burn hypertrophic scar tissues were inves-
tigated and compared with normal tissue expression levels. Methods: Samples of hypertrophic 
scar tissue were obtained from 20 burn patients through punch biopsy. Normal samples were 
obtained from areas adjacent to the burn injury site of the same patients. Samples were placed in 
10% neutral buffered formalin, embedded in paraplast, and processed into serial 5-μm sections. 
Immunohistochemistry results were semi-quantitatively evaluated for IL-31, IL-31RA, and OSMR. 
By hematoxylin and eosin staining, epidermal and dermal thickness were assessed with a micro-
scope and digital camera. Intensities were rated on a scale of 1 to 4. Results: Percentages for IL-
31, IL-31RA, and OSMR in the epidermal basal layer cell cytoplasm were significantly greater in 
the burn scar tissue compared to normal skin, as well as the dermal and epidermal thickness (p < 

.05). There was a significant difference in IL-31 epidermal basal layer intensity in burn scar tissue 
compared to normal skin (p < .05). Besides the OSMR basal layer intensity, IL-31 and IL-31RA inten-
sities between the burn scar and normal tissues were not significant. However, correlations were 
significant, indicating that the greater the infiltration percentage, the higher the intensity (p < 

.05). Conclusions: IL-31, IL-31RA, and OSMR expression levels are increased in hypertrophic 
scars compared with normal tissue. 
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▒ ORIGINAL ARTICLE ▒

Burns are a severe and traumatic injury to the skin. Although 
approximately 300,000 deaths still occur annually due to 
burns, mortality rates have been reduced due to advancements 
in acute burn care. Unfortunately, burn recovery remains a chal-
lenging process due to abnormal scarring of the skin, which has 
an adverse impact on quality of life.1 Following a burn injury, 
the incidence of hypertrophic scar development is reported to be 
as high as 77%.2

Normal wound healing of the human skin occurs through a 
balance of deposition and removal of structural proteins and 
glycoproteins at an optimal speed for the development of a 
healthy, functional scar.3 However, this balance is rarely main-
tained in post-burn hypertrophic scars, causing an over-growth 
of collagen in the dermis, proteoglycans, fibronectin, and tissue 
water.4-7 Dermal fibroblasts may have a large influence on in-
creased matrix production, through continuously high amounts 

of fibrogenic cytokines and other changes in dermal structure.8-10 
The thin collagen fibers with increased synthesis and crosslinks 
found in hypertrophic scars result in scars that are raised, thick, 
red, firm, and do not grow beyond the original wound margins.11 
Many burn survivors who develop hypertrophic scars complain 
of functional disability, cosmetic dysfunction, pain, and itchiness, 
also known as pruritus.2 For many patients, the most distressing 
symptom of hypertrophic scar formation is the associated pruritus.12

Pruritus affects burn survivors’ quality of life by causing sleep 
disturbances, daily activity impairment, and psychological prob-
lems. Pruritus induces scratching, which can lead to wound infec-
tions and disrupt the proper wound healing process.13 After a 
burn injury, the wound healing process may last up to a year. 
Wound healing consists of three phases: early inflammatory, inter-
mediate proliferative, and late remodeling.14 Acute itching 
eventually disappears in the remodeling phase. Chronic itching 
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occurs at relatively low intensities and is associated with injury 
depth, although it may persist for more than 2 years.15 Post-
burn pruritus is regarded as a complex disease that is combined 
with pruritogenic, neuropathic, neurogenic, and psychogenic 
mechanisms, especially in chronic cases.16 Various existing treat-
ment methods are not completely satisfactory since the exact 
mechanism of post-burn pruritus is unclear.14 

Interleukin (IL)-31 appears to have a role in pruritus induction 
in disorders such as atopic dermatitis (AD) and prurigo nodu-
laris.17-19 IL-31 is a fairly novel cytokine derived from T-cells and 
is included in the IL-6 cytokine family. It signals through a het-
erodimeric receptor composed of IL-31 receptor alpha (IL-31RA) 
and Oncostatin M receptor (OSMR). 

Patients who commonly experience pruritus are those affected 
by AD. Studies have shown an association between pruritic diseases 
and IL-31. Sonkoly et al.20 examined human IL-31 and its role 
in pruritic and non-pruritic inflammatory skin diseases.20 The 
study found significant overexpression of IL-31 in atopic skin 
with pruritus compared to psoriasis, which rarely itches and is 
thus considered a non-pruritic inflammatory disease. The highest 
levels of IL-31 were detected in prurigo nodularis, an intense form 
of pruritic chronic inflammation of the skin. In vivo, rapid pro-
duction of IL-31 was reported with the staphylococcal superan-
tigen in atopic subjects. Therefore, when IL-31 levels are elevated 
in lesions, they may amplify the inflammation of the skin through 
chemokine induction, subsequently causing T-cell recruitment. 
As a result, IL-31 may be produced by activated skin-infiltrating 
T cells, worsening the inflammation and pruritus.20

Murine neuronal tissue studies have found that IL-31RA 
plays a significant role in itching and that OSMR is also recruited 
by IL-31.21,22 According to Le Saux et al.,23 IL-31 needs to bind 
to IL-31RA before OSMR because of a conformational transfor-
mation that occurs in IL-31. This change is essential for the 
binding of IL-31 to OSMR.23 Therefore, IL-31RA and OSMR 
should also be included in the discussion on pruritus. 

Based on the reports of elevated IL-31 and its receptors in the 
previously mentioned pruritic conditions, potentially important 
but unidentified roles of IL-31, IL-31RA, and OSMR in the 
development of pruritus in post-burn hypertrophic scars may 
exist. Although several studies have demonstrated the role of 
IL-31 in inducing pruritus in certain skin disorders, knowledge 
of its role in post-burn hypertrophic scars is insufficient. This ap-
pears to be the first study to examine this cytokine and its receptors 
in post-burn hypertrophic scars. Therefore, the purpose of this 
study was to examine the expression levels of IL-31, IL-31RA, 
and OSMR in hypertrophic scar tissue versus normal tissue.

MATERIALS AND METHODS

Patient selection

Twenty samples of hypertrophic burn scars were obtained 
from patients who had visited the Hallym University Hangang 
Sacred Heart Hospital in South Korea. Subjects were included 
in the study if they were at least seven years of age at the time of 
examination. Subjects were excluded if they (1) had a pre-exist-
ing disease known to frequently cause pruritus, such as chronic 
systemic or dermatologic disease, (2) were pregnant, (3) were 
unable to specifically describe their pruritus, (4) were on con-
current systemic medications that may affect their pruritic 
symptoms such as antihistamines, morphine, or systemic ste-
roids, (5) had any psychotic diseases, (6) had cancer, (7) had an 
active infection, or (8) had been treated with immunomodulators, 
UV irradiation, or hydrogen peroxide within three months before 
surgery. All subjects provided informed consent. The protocols of 
this study were approved by Hallym University Hangang Sacred 
Heart Hospital Institutional Review Board (IRB approval No. 
2011-186). 

Histopathological analysis 

Skin samples were obtained through punch biopsy (6 mm) 
during surgery from twenty patients between 2011 and 2012. 
Control tissue samples were obtained from non-burned skin areas 
adjacent to the burn injury site from the same patients. Tissue 
samples from hypertrophic scars were taken from the burn lesions 
of the same patients. The tissue samples were placed in 10% 
neutral buffered formalin for 18 hours. Paraplast (Sigma-Aldrich, 
St. Louis, MO, USA) was used for paraffin embedding. Serial 
sections 5-μm in thickness were processed.24 The IL-31 anti-
body (Novus Biologicals, Littleton, CO, USA), IL-31RA anti-
body (Abnova, Taipei, Taiwan), and OSMR antibodies (Novus 
Biologicals) were used for staining purposes and sections were 
assessed by a pathologist. Immunohistochemistry results were 
semi-quantitatively evaluated for IL-31, IL-31RA, and OSMR 
based on the estimated epidermal positive basal cell percentage. 
Cells were counted in the stroma using a built-in 10 × 10 grid 
within the Nikon microscope (Plan-Apo, Nikon, Tokyo, Japan) 
with each section measuring 25 μm (0.025 mm) at × 400 mag-
nification and the upper edge of the grid placed at the epidermal 
junction.25 Three areas with the greatest density of inflammatory 
cells with the most distinct inflammation were counted per visual 
field and the cells were regarded as either immunoreactive or 
non-immunoreactive.19 The IL-31RA epidermis, IL-31 epidermis 
basal layer, and OSMR epidermis basal layer staining intensities 
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were rated as 1 when the positivity could be seen at 400, 2 at 200, 
3 at 100, and 4 at 40-fold magnification with use of a Nikon 
microscope (Plan-Apo) with a digital camera (Nikon, DS-Ri2, 
Nikon digital SLR camera FX-format CMOS sensor optimized for 
microscopy).24 One pathologist and one dermatologist assessed 
the epidermal thickness, dermal thickness, and IL-31, IL-31RA, 
and OSMR infiltration through hematoxylin eosin staining 
through use of a Nikon microscope (Plan-Apo) with a digital 
camera (Nikon, DS-Ri2, Nikon digital SLR camera FX-format 
CMOS sensor optimized for microscopy), and the average values 
were obtained. 

Statistical analysis

SPSS ver. 21.0 for Windows (IBM Corp., Armonk, NY, 
USA) was used for statistical analysis. Normal skin and burn 
scar tissue comparisons were performed using the paired t test 
and the Wilcoxon signed-rank test. Pearson and Spearman rho 
was used to examine the correlation between IL-31, IL31-RA, 
and OSMR percentages and intensities. Values were regarded as 
significant if the p-value was < .05.

RESULTS

This study included tissue samples from twenty subjects. 
The characteristics of the burn subjects are presented in Table 1.

Comparison of burn scar and normal skin tissue characteristics 
are presented in Table 2. There was a significant difference in 
dermal thickness in burn scar tissue compared with normal 
skin (4,826.85 ± 1,955.34 μm and 1,809.50 ± 745.54 μm, re-
spectively; p < .001) and the epidermal thickness was signifi-

cantly thicker in the burn scar tissue compared with normal 
skin (5,112.25 ± 2,522.42 μm vs. 1,729.88 ± 806.55 μm, respec-
tively; p<.001). The epidermal basal layer percentage of IL-31 
was significantly greater in burn scar tissue compared with nor-
mal skin (22.4% and 12.7%, respectively; p < .001) (Fig. 1). 
However, there was no significant difference in IL-31 epidermal 
basal layer intensity in burn scar tissue compared with normal 
skin (p > .05). The IL-31RA epidermal percentage was signifi-
cantly greater in burn scar tissue compared with normal skin 
(29.8% and 23.9%, respectively; p < .001) (Fig. 1). The com-
parison of IL-31, IL-31RA, and OSMR percentage levels between 
control and scar tissue is shown in Fig. 2. There were no signifi-
cant differences in IL-31 epidermis basal layer intensity (p > .05). 
The OSMR epidermal basal layer cytoplasm percentage was 
greater in burn scar tissue compared with normal skin (46.50% 

Table 1. Characteristics of burn subjects (n = 20) 

Variable Value

Sex (male:female) 14:6
Side (right:left) 10:10
Age at time of examination (yr) 27.53 ± 18.73
Age at burn incident (yr) 18.04 ± 20.05
Scar age (mo) 46.42 ± 97.97
No. of burn sites Both arms (4), head (11), both legs (1), 

  foot (4)
No. of burn sources Hot water (8), friction (1), iron (2), 

  flame (4), electricity (1), chemical (1), 
  steam (3)

No. of burn treatments CT (7), STSG (5), FTSG (5), 
STSG + Alloderm (3)

Age at time of examination and scar age values are presented as mean ± 

standard deviation.
CT, conservative treatment; STSG, superficial thickness skin graft; FTSG, 
full-thickness skin graft.

Table 2. Histopathological comparison of normal tissue and scar tissue characteristics 

Variable Normal tissue (n = 20) Scar tissue (n = 20) t/z p-value

Exam age (yr) 21.80 ± 18.10 21.80 ± 18.10 -1.000 .325
Sex (male:female) 14:6 14:6
Burn age (yr) 10.20 ± 16.36
Scar age (mo) 115.60 ± 145.15
Dermal thickness (μm) 1,809.50 ± 745.54 4,826.85 ± 1,955.34 -7.802 < .001***
Epidermal thickness (μm) 114.05 ± 30.91 174.10 ± 51.56 -6.528 < .001***
IL-31 epidermis basal layer percentage (%) 12.00 ± 12.39 17.50 ± 16.81 -3.425 < .001***
IL-31 epidermis basal layer intensity -1.941 .052
IL-31RA epidermis percentage (%) 38.50 ± 24.54 56.00 ± 28.72 -4.148 < .001***
IL-31RA epidermis intensity -1.694 .900
OSMR epidermis basal layer cytoplasm (%) 25.00 ± 17.91 46.50 ± 27.96 -4.747 < .001***
OSMR epidermis basal layer intensity -2.841 .005**
No. of mast cells 4.17 ± 3.20 8.00 ± 8.00 -2.504 .022*

Values are presented as mean ± standard deviation. 
%, percentage of infiltration; Intensity, intensity of the microscopic expression.
Significant *p < .05, **p < .01, ***p < .001.
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and 25.00%, respectively; p < .001) (Fig. 1). There was also a 
significant difference in OSMR epidermis basal layer intensity in 
burn scar tissue compared with normal skin (p < .005). Pearson 
and Spearman rho analyses showed that the correlations between 
the percentages and intensities of IL-31, IL-31RA, and OSMR 
in burn scar tissue were significant (p < .05), indicating that the 
greater the infiltration percentage, the higher the intensity, based 
on a scale of 1 to 4 (Table 3).

There was also a significant difference in the number of mast 
cells, which was greater in burn scar tissue compared with normal 

skin (p < .05) (Table 2). 

DISCUSSION

The objective of this study was to examine the expression of 
IL-31, IL-31RA, and OSMR in hypertrophic scar tissue and 
compare the results with those from normal tissue. IL-31 is a T-
cell cytokine which acts through a heterodimeric receptor such 
IL-31RA and OSMR, which are expressed by epithelial cells.26

Our study has found that IL-31, IL-31RA, and OSMR are 

A

C

E

B

D

F

Fig. 1. (A) Interleukin 31 (IL-31) control. (B) IL-31 scar. (C) IL-31 receptor alpha (IL-31RA) control. (D) IL-31RA scar. (E) Oncostatin M receptor 
(OSMR) control. (F) OSMR scar. IL-31, IL-31RA, and OSMR infiltration.
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expressed by epidermal basal cells from both normal and burn 
scar tissue samples. However, IL-31 and IL-31RA expression 
was significantly higher in the burn scar epidermal basal cells (p < 

.001) compared with normal skin tissue. The OSMR epidermal 
basal layer cytoplasm percentage was also significantly greater 
than in normal skin. Our findings are relatable to previous 
studies that have found greater levels of IL-31 and its receptors 
in subjects with various pruritic skin conditions compared with 
non-pruritic and normal skin.17-20,23 Nobbe et al.19 reported that 
the majority of the immunoreactivity stainings for IL-31RA 
and OSMR were cytoplasmic staining patterns.

Cutaneous T-cell lymphoma patients also commonly suffer 
from pruritus and have recently been found to have elevated IL-
31 expression in the epidermis and dermis and increased IL-
31RA and OSMR expression in the epidermis only.27

It appears that IL-31 and its receptors have their respective 
roles in pruritus induction. IL-31 is postulated to stimulate the 
keratinocytes and infiltrating cells to release other mediators 

involved in the induction of pruritus. Moreover, IL-31 appears 
to cause pro-inflammatory cytokines to be released from macro-
phages, eosinophils, and monocytes.26,28

Expression of IL-31RA and OSMR has been found in kerati-
nocytes and the dorsal root ganglia, which are the locations 
where the cutaneous sensory neuron soma reside and their sensory 
fibers are directed towards the skin.29 These sensory neurons may 
be involved in the itch sensation and are thought to be stimulated 
by IL-31. IL-31 may serve as a possible connection between the 
immune and sensory nervous system.30 Therefore, although the 
presence of elevated IL-31 and its relation to pruritus is signifi-
cant, the roles of IL-31RA and OSMR should not be neglected 
and should be taken into consideration in the discussion of pruritus. 

This study found that burn scar thickness and epidermal 
thickness was significantly increased compared with normal tissue. 
When a burn injury occurs on the skin, the skin barrier function 
is damaged or destroyed.31 Similarly, for patients with AD, the 
skin-barrier function is most commonly impaired, indicating 
that the epithelial defense system serves a significant role in the 
pathogenesis of AD.32 When the skin barrier is altered or dam-
aged in AD patients, this is partially associated with the distri-
bution of the stratum corneum liquid composition, which allows 
harmful substances to penetrate cutaneously and subsequently 
signals for proliferation and differentiation of the epidermis.31 
Singh et al.33 found that intradermal injection of recombinant 
mouse IL-31 (rIL-31) produced epidermal thickness and that 
elevated levels of IL-31 by T cells subsequently induced thick-
ening of the epidermis and inflammatory infiltrates.33

There was no significant difference in intensity levels for all 
variables, except for the OSMR basal layer intensity. This dis-
crepancy may be attributed to the small sample size, but could 
show significance in future studies with larger sample sizes. 

Although this study did not specifically look for pruritus in 
those with hypertrophic scars, the results show characteristics 
similar to pruritic skin conditions, such as AD, in which there 

Table 3. Correlation between IL-31RA, IL-31, OSMR percentage (Pearson) and intensity (Spearman rho) in burn scar (n = 20) 

IL-31RA 
epidermis (%) 

IL-31RA epidermis 
intensity

IL-31 epidermis 
basal (%)

IL-31 epidermis 
basal intensity

OSMR epidermis 
basal cytoplasm (%)

OSMR epidermis 
basal  intensity

IL-31RA epidermis % 1 0.745*** 0.534* 0.566** 0.545* 0.447*
IL-31RA epidermis intensity 1 0.675** 0.834*** 0.641** 0.597**
IL-31 epidermis basal % 1 0.953*** 0.786*** 0.650**
IL-31 epidermis basal intensity 1 0.808*** 0.683**
OSMR epidermis basal cytoplasm 1 0.814***
OSMR epidermis basal intensity 1

Intensity rated as 1 when the positivity could be seen at 400, 2 at 200, 3 at 100, and 4 at 40-fold magnification with use of a Nikon microscope with a digital 
camera. 1=weak intensity, 4=strong intensity. The greater the infiltration percentage, the higher the intensity based on a scale of 1 to 4. 
IL-31, interleukin 31; IL-31RA, IL-31 receptor alpha; OSMR, oncostatin M receptor.
*p < .05, **p < .01, ***p < .001.

Fig. 2. Comparison of interleukin 31 (IL-31), IL-31 receptor alpha 
(IL-31RA), and oncostatin M receptor (OSMR) percentage values 
between the normal and scar tissue (n = 20). *p < .05.
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are significantly greater IL-31, IL-31RA, and OSMR expression 
levels in the skin. 

There was no significant difference in intensities between the 
control and burn scar tissues, aside from the OSMR basal layer 
intensity. However, Pearson and Spearman rho results showed 
significant correlations between infiltration percentages and 
intensities in burn scar tissues, where the greater the percentage 
of infiltration, the greater the grade in intensity, based on the 
scale of 1 to 4. As stated earlier, the IL-31RA epidermis, IL-31 
epidermis basal layer, and OSMR epidermis basal layer staining 
intensity was rated as 1 when the positivity could be seen at 
400, 2 at 200, 3 at 100, and 4 at 40-fold magnification with 
use of a Nikon microscope. In this case, an intensity grade of 4 is 
equal to 40-fold magnification; this indicates that the intensity 
is strong with low magnification because if the percentage of 
infiltration is high enough, a smaller amount of magnification 
is required to observe the infiltration through the microscope.

The mean value of the mast cells was significantly greater in the 
burn scar compared with the normal tissue samples. This finding 
may be significant for several reasons. Antimicrobial peptide 
proteins (AMPs), such as human β-defensins (hBDs), provide 
innate immunity and defense against microbial invasion, which 
is a common risk factor with burn injury, and are formed in the 
deep portions of burned skin.34,35 Mast cells are located within 
the dermis and have been found to be another source of IL-31.34 
AMPs have been found to cause mast cells to release IL-31 
mRNA, and may lead to protein production and release.34 Niyon-
saba et al.36 has also stated that mast cells are involved in the 
pathological process of other disorders of the skin in which AMP 
concentrations are enhanced.36 In the case of wounding and lichen 
planus, direct contact between skin-derived AMPs and mast 
cells occurs, which subsequently activates due to basal mem-
brane impairment between the dermis and epidermis. Sites of 
infection and inflammation show elevated amounts of hBDs 
and leucine-leucine 37-amino acid peptide (LL-37) in the human 
epithelium. LL-37 is induced in the keratinocytes of humans 
during contact dermatitis37 and hBDs may contribute to skin 
inflammatory responses by causing mast cells to secrete IL-31 
along with other factors that are pruritogenic. These findings 
may support the link between increased IL-31 levels and post-
burn hypertrophic scar pruritus in the present study. 

This study had some limitations. The sample size was small 
and subject complaints of pruritus were not fully assessed. In 
addition, no other techniques were used to confirm our findings. 
However, this study has shown that there are pathological simi-
larities between post-burn pruritus and other skin diseases known 

to cause pruritus, such as AD, prurigo nodularis, and cutaneous 
T-cell lymphoma, all of which exhibit increased expression levels 
of IL-31.

Therefore, the findings of this study may enlighten the under-
standing of pruritic events occurring in post-burn hypertrophic 
scars. Further studies with larger sample sizes that investigate 
the relationship between IL-31 and receptor expression levels 
with subjective and objective measurements of pruritus are 
warranted. 
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Background: Invasion of epithelial cells into the connective tissue brings about massive morpho-
logical and architectural changes in the underlying stroma. Myofibroblasts reorganize the stroma 
to facilitate the movement of tumor cells leading to metastasis. The aim of this study was to deter-
mine the number and pattern of distribution of myofibroblasts and the qualitative and quantitative 
change that they cause in the collagen present in the stroma in various grades of oral squamous 
cell carcinoma (OSCC). Methods: The study was divided into two groups with group I (test group, 
65 cases) consisting of 29 cases of well-differentiated squamous cell carcinoma, 25 moderately 
differentiated SCC, and 11 poorly differentiated SCC, and group II (control group) consisting of 11 
cases of normal mucosa. Sections from each sample were stained with anti–α-smooth muscle 
actin (α-SMA) antibodies, hematoxylin and eosin, and Picrosirius red. Several additional sections 
from each grade of OSCC were stained with Masson’s trichrome to observe the changes in collagen. 
For the statistical analysis, Fisher’s exact test, Tukey’s post hoc honest significant difference test, 
ANOVA, and the chi-square test were used, and p < .05 was considered statistically significant. 
Results: As the tumor stage progressed, an increase in the intensity α-SMA expression was seen, 
and the network pattern dominated in more dedifferentiated carcinomas. The collagen fibers be-
came thin, loosely packed, and haphazardly aligned with progressing cancer. Additionally, the mean 
area fraction decreased, and the fibers attained a greenish yellow hue and a weak birefringence 
when observed using polarizing light microscopy. Conclusions: Myofibroblasts bring about numer-
ous changes in collagen. As cancer progresses, there isincrease in pathological collagen,which 
enhances the movement of cells within the stroma.
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▒ ORIGINAL ARTICLE ▒

In India, 130,000 people succumb to oral cancer annually, which 
translates to approximately 14 deaths per hour.1 It accounts for 
over 30% of all cancers in India.2 In the United States,, oral cancer 
represents approximately 13% of all cancers with 30,000 new 
cases every year.1

The tumor stroma plays a critical role during carcinogenesis 
as it is required for the tumor to grow beyond a minimal size of 
1–2 mm.3 Inappropriate synthesis or degradation of any extra-
cellular matrix (ECM) component can alter cell physiology and 
aid in the progression of disease.4 The mechanical quality of the 
ECM is mainly dependent on its collagen content because collagen 
is the main barrier to be cleared away during invasion.5

The ECM mainly consists of type I collagen (approximately 
90%) with 8%–10% type III collagen. Electron microscopic 
studies have shown that type I collagen fibers are coarse and are 
composed of closely packed, thick fibrils, whereas type III colla-
gen fibers are fine and are composed of loosely dispersed, thin 

fibrils.6 Collagen fibers exhibit changes in type, diameter, color, 
orientation, density, and amount with tumor progression.7

Myofibroblasts are cancer-induced host cells of the microen-
vironment and are believed to be derived from normal fibro-
blasts during times of tissue stress or altered homeostasis. They 
are defined immunohistochemically by the presence of α-smooth 
muscle actin (α-SMA).8 Additionally, they produce inflamma-
tory mediators and growth factors that aid in ECM reorganization 
and stimulate epithelial cell proliferation.9

Picrosirius red (PSR) stain is a highly specific and selective 
stain for collagen fibers due to its ability to differentiate between 
pathological and normal collagen.10 Using this stain, collagen 
fibers can be evaluated both qualitatively and quantitatively, and 
this information can provide useful clues to the various aspects 
of tumor progression.7

The aim of this study was to determine the number and pattern 
of distribution of myofibroblasts and the qualitative and quan-
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titative changes that they cause in the collagen present in the 
stroma in various grades of oral squamous cell carcinoma (OSCC).

MATERIALS AND METHODS

After obtaining permission from the Institutional Scientific and 
Ethical Committee (approval no. 811516/OP/EC), the present 
study was carried out on tissues archived in the department. 
Medical records, including informed consent and pathology re-
ports, were reviewed and the patient’s age, sex, tumor location, 
tumor size, differentiation, invasion depth of tumor, lymph 
node metastasis, and clinical stage were recorded. Patients who 
had received preoperative chemotherapy and/or radiotherapy 
were excluded from the study. 

The study comprised 76 cases, which were divided into two 
groups. Group I consisted of 65 cases of histologically proven 
OSCC with 29 cases of well-differentiated squamous cell carcinoma 
(WDSCC), 25 of moderately differentiated SCC (MDSCC), and 
11 of poorly differentiated SCC (PDSCC). Group II was the 
control and consisted of 11 cases of normal mucosa obtained 
following an operculectomy or frenectomy. Smooth muscle cells 
surrounding the blood vessels were used as a positive internal 
control for the α-SMA stained slides. 

Formalin-fixed, paraffin- embedded tissues were sectioned at 
4 µm, and three sections from each sample were prepared. The 
first section was mounted on a poly-L-lysine coated slide and 
stained with antibodies against α-SMA. The second section was 
stained with hematoxylin and eosin, observed under a light micro-
scope, and graded according to the Broder classification. The third 
section was stained with PSR and observed under a polarizing 
light microscope. Several additional sections from each grade of 
OSCC were obtained and stained with Masson’s Trichrome to 
observe the morphological changes in collagen.

For immunohistochemistry (IHC), the sections were first depa-
raffinized, hydrated and washed in distilled water for 5 minutes. 
Antigen retrieval was then performed by immersing the slides in 
pre-warmed 1 M citrate buffer (pH 6.0) and heating in a micro-
wave oven at 95–98ºC for 20 minutes. Blocking of the endoge-
nous peroxidase was performed by immersing the slides in a 
mixture of 50 mL of methanol with 1.5 mL of hydrogen peroxide 
for 30 minutes in a humidified chamber followed by washing 
in distilled water for 5 minutes. The slides were then cooled to 
room temperature and washed in 1 M Tris buffer (pH 7.2). 
Primary mouse anti-human α-SMA monoclonal antibody clone1 
A4 (Thermo Scientific, Waltham, MA, USA) at a dilution of 
1:50–100 was added to the sections, and the slides were incu-

bated for 30 minutes at room temperature. The slides were then 
washed in 1 M Tris buffer (pH 7.2), and “horse radish peroxidase-
conjugated goat anti-mouse secondary antibody” was added to 
the sections and incubated for 30 minutes. The slides were 
washed again in 1 M Tris buffer (pH 7.2) followed by the addition 
of diaminobenzidine (DAB) chromogen in DAB buffer (Thermo 
Scientific). The slides were incubated for 3 minutes then coun-
terstained with hematoxylin.11 The anti–α-SMA antibody-la-
belled cells were identified by the strong, dark brown cytoplasmic 
staining of the myofibroblasts. The samples were then assessed 
for the intensity and pattern of myofibroblastic proliferation. 

For PSR staining, paraffin-embedded tissue sections were dehy-
drated and de-waxed then stained with Weigert’s hematoxylin 
for 8 minutes. The slides were then washed for 10 minutes under 
running tap water and stained with PSR stain for 1 hour followed 
by washing in 2 changes of acidified water. The sections were 
dehydrated in three changes of 100% alcohol and cleared by dip-
ping in xylene followed by mounting using DPX mounting media 
and a cover slip. Using light microscopy, the nuclei appear black 
and collagen appears red. Using polarizing microscopy, collagen 
fibers produce orange red (OR), yellowish orange (YO), or green/
greenish yellow (G/GY) birefringence.11

Intensity and pattern of α-SMA expression

Intensity score for α-SMA

The percentage of cells positive for α-SMA in the tumor stroma 
were classified into the following categories12: absent/0, no positive 
cells; mild/1+, 1%–33% positive cells; moderate/2 +, 34%–
66% positive cells; and intense/3 +, 67%–100% positive cells.

Pattern of α-SMA expression

The distribution and arrangement of positively stained myo-
fibroblast cells were classified into three groups: focal, spindle, 
and network.13 Focal indicates no specific arrangement of the 
myofibroblasts. In the spindle groups, myofibroblasts were arranged 
in one to three rows in a regular order in the periphery of the 
neoplastic islands or in the connective tissues with distinctive 
cell margins around the myofibroblasts and malignant tissue. A 
“network” classification includes myofibroblasts with vesicular 
nuclei and abundant cytoplasm arranged in multiple rows with an 
interwoven network of cytoplasmic extensions forming a network 
in the stroma of the connective tissue.

Collagen evaluation 

The parameters used for the evaluation of the collagen were 



http://jpatholtm.org/ https://doi.org/10.4132/jptm.2018.07.17

316     •  Khalid A, et al.

thickness, arrangement and orientation, packing, mean area frac-
tion, and hue and birefringence exhibited by the fibers.

For measuring fiber thickness, images of PSR-stained slides 
were obtained at 400 × magnification and processed using image 
analysis software (Image J, ver. 1.46 r, NIH, Bethesda, MD, 
USA). In samples from normal tissues, collagen fibers from the 
lamina propria were studied, and in OSCC samples, collagen fibers 
around tumor islands were used. For each section, two separate 
high-power fields with at least 50 fibers of each size (25 each of 
thick and thin fibers) were examined.14 Collagen fibers with a 
thickness of 2–10 μm were considered thick, type I fibers and fi-
bers 0.5–1.5 μm in diameter were considered thin, type III fibres.15

The arrangement and orientation of collagen fibers were cate-
gorized as either parallel or haphazard based on their appearance 
in relation to the tumor islands. The evaluation was performed 
in five selected fields at 100 × magnification.7

The packing of the collagen fibers was categorized as either 
dense or loose based on their appearance in 5 selected fields at 100 × 
magnification in the immediate vicinity of the tumor islands.7

For measuring the mean area fraction, images of the sections 
at 400 × magnification were evaluated using the image analysis 
software. The percentage of the area occupied by collagen fibers 
in a given field was calculated for each grade of OSCC and also for 
normal mucosa.7

For determining hue and birefringence, five random high-
power fields for each slide of the connective tissue stroma at 400 × 
magnification were evaluated. In samples from normal tissues, 
collagen fibers from the lamina propria were studied, and in OSCC 
samples, collagen fibers around tumor islands were used. The 
predominant hue exhibited by the collagen fibers was classified 
as either OR, YO, or G/GY, and the birefringence was classified 
as either strong or weak.6,7,16-18

Categorical variables, such as α-SMA expression, pattern, colla-
gen fiber orientation and packing, andhue and birefringence,are 
expressed as a percentage, and continuous variables, such as col-
lagen fiber thickness and mean area fraction, areexpressed as the 
mean and standard deviation. For the categorical variable, the 

chi-square testwas used to test the significance of the association. 
When more than 20% of the individual cells had an expected 
value of less than five Fisher exact test was used. For the contin-
uous variables, the mean and SD of the subgroups were tested for 
significance using Analysis of Variance (ANOVA). Since ANOVA 
does not comment on significant differences in subgroups, Tukey’s 
post hoc honest significance difference testing was used for fur-
ther analysis if the ANOVA results were significant. For the col-
lagen fiber thickness and mean area fraction, all four statistical 
tests were used. For all tests, p < .05 was considered statistically 
significant.

RESULTS

Expression of α-SMA was not observed in the stroma of normal 
oral mucosa except for the blood vessels. The α-SMA expression 
in OSCC samples is shown in Table 1 and Figs. 1, 2, and 3. 
Among the different degrees of differentiation, a statistically 
significant increase in the intensity of α-SMA expression was 
found in MDSCC compared to WDSCC and in PDSCC compared 
to MDSCC (p < .001). A variation in the pattern of α-SMA expres-

Table 1. Level of α-SMA expression in malignant lesions

Type of lesion No. of cases
α-SMA intensity score (%)

0 1+ (mild) 2+ (moderate) 3+ (intense)

WDSCC 29 4 (13.8) 17 (58.6) 8 (27.6) 0
MDSCC 25 0 7 (28) 13 (52) 5 (20)
PDSCC 11 0 0 3 (27.3) 8 (72.7)

Values are presented as number (%).
Fisher exact test p < .001.
α-SMA, α-smooth muscle actin; WDSCC, well differentiated squamous cell carcinoma; MDSCC, moderately differentiated squamous cell carcinoma; PDSCC, 
poorly differentiated squamous cell carcinoma.

Fig. 1. Light microscopy image of well-differentiated squamous cell 
carcinoma showing mild α-smooth muscle actin positivity in the 
stroma. Myofibroblasts can be seen distributed in a focal pattern.
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sion was noted among the malignant lesions, which included 
focal, spindle, and network patterns of stromal myofibroblast 
positivity as shown in Table 2. Statistically significant differ-
ences were found in the expression pattern among the malignant 
lesions (p < .001). The network pattern was significantly domi-
nant in carcinomas with less differentiation. 

The mean, SD, and range of fiber thickness (measured in µm) 
of different grades of OSCC are presented in Table 3. In WDSCC 
and normal mucosa, the collagen fibers appeared predominantly 
as bundles of thick fibers. The thickness gradually decreased as 
the carcinomas progressed from well to poorly differentiated. 
Statistically significant differences were seen between WDSCC 
and MDSCC (p < .001), WDSCC and PDSCC (p < .001), MDSCC 
and normal cells (p = .041), and PDSCC and normal cells (p = 

.002). The collagen fibers predominantly exhibited a parallel 
orientation in WDSCC, which gradually changed to a haphazard 
pattern with the progression towards poorly differentiated car-
cinoma as shown in Figs. 4, 5, and 6. These changes were statis-
tically significant (p = .002) as shown in Table 4. The collagen 
fibers were densely packed around the tumor islands in most cases 
of WDSCC but loosely packed in most of the cases of MDSCC 
and in all cases of PDSCC. These differences were statistically sig-
nificant (p = .001) as shown in Table 5. The mean area fraction oc-
cupied by the collagen fibers gradually decreased as the OSCC 
progressed from well to poorly differentiated. Statistically significant 

Table 2. Pattern of α-SMA expression in malignant lesions

Type of lesion No. of cases Negative staining Focal pattern Spindle pattern Network pattern

WDSCC 29 4 (13.8) 19 (65.5) 6 (20.7) 0
MDSCC 25 0 3 (12) 8 (32) 14 (56)
PDSCC 11 0 0 2 (18.2) 9 (81.8)

Values are presented as number (%).
Fisher exact test p < .001.
α-SMA, α-smooth muscle actin; WDSCC, well differentiated squamous cell carcinoma; MDSCC, moderately differentiated squamous cell carcinoma; PDSCC, 
poorly differentiated squamous cell carcinoma.

Fig. 2. Light microscopy image of moderately differentiated squa-
mous cell carcinoma showing intense α-smooth muscle actin posi-
tivity in the stroma. Myofibroblasts can be seen distributed in a spin-
dle pattern.

Fig. 3. Light microscopy image of poorly differentiated squamous cell 
carcinoma showing intense α-smooth muscle actin positivity in the 
stroma. Myofibroblasts can be seen distributed in a network pattern.

Table 3. Collagen fiber thickness (µm) in varying grades of oral 
squamous cell carcinoma

Group No. Mean ± SD Minimum–Maximum

WDSCC 29 2.9 ± 1.1 1.0–5.3
MDSCC 25 1.9 ± 0.5 1.0–3.4
PDSCC 11 1.3 ± 0.4 1.0–2.2
Normal mucosa 11 2.7 ± 1.0 1.1–4.2

ANOVA test results: F(3,72) = 13.423, p < .001. Significant at p < .01.
Post-hoc Tukey’s honest significant difference testing reveals significant dif-
ferences between WDSCC and MDSCC (p < .001); WDSCC and PDSCC 
(p < .001); MDSCC and normal (p = .041); and; PDSCC and normal (p = 

.002).
SD, standard deviation; WDSCC, well differentiated squamous cell carcino-
ma; MDSCC, moderately differentiated squamous cell carcinoma; PDSCC, 
poorly differentiated squamous cell carcinoma.
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differences were seen between the groups as shown in Table 6.
In a majority of the samples of normal mucosa and WDSCC, 

the collagen fibers predominantly exhibited an OR hue with strong 
birefringence as seen in Fig. 7. In most of the cases of MDSCC, 
the fibers predominantly exhibited a YO hue with strong bire-
fringence as seen in Fig. 8, and in a majority of the PDSCC cases, 
the fibers predominantly exhibited a GY hue with weak bire-
fringence as seen in Fig. 9. These groupings were highly signifi-
cant (p < .001) as shown in Tables 7 and 8.

DISCUSSION

In our study, OSCC was more common in males aged 40–59 

years, and the most common site for oral cavity lesions was the 
floor of the mouth. In previous studies, oral cancer was also most 
common in middle-aged and older individuals.19,20 Increased 
exposure to risk factors, such as smoking and tobacco or betel 
chewing, in males makes them more prone to develop oral can-
cer.21,22 Due to the habitual placement of tobacco or a betel quid 

Fig. 4. Light microscopy image of a Masson’s trichrome–stained 
section of well-differentiated oral squamous cell carcinoma showing 
densely packed collagen fibersexhibiting a parallel arrangement.

Fig. 5. Light microscopy image of a Masson’s trichrome–stained 
section of moderately differentiated oral squamous cell carcinoma 
showing haphazardly arranged collagen fibers.

Fig. 6. Light microscopy image of a Masson’s trichrome–stained 
section of poorly differentiated oral squamous cell carcinoma 
showing haphazardly arranged, loosely packed collagen fibers.

Table 4. Orientation of collagen fibers aroundtumor islands in vary-
ing grades of oral squamous cell carcinoma

Group
Fibre orientation 

Total
Haphazard Parallel

WDSCC 13 (44.8) 16 (55.2) 29 (100)
MDSCC 19 (76) 6 (24) 25 (100)
PDSCC 11 (100) 0 (0) 11 (100)
Total 43 (66.2) 22 (33.82) 65 (100)

Values are presented as number (%).
Chi-square = 12.6, df = 2, p = .002. Significant at p < .05.
WDSCC, well differentiated squamous cell carcinoma; MDSCC, moderately 
differentiated squamous cell carcinoma; PDSCC, poorly differentiated 
squamous cell carcinoma.

Table 5. Packing of collagen fibersaround tumor islands in varying 
grades of oral squamous cell carcinoma 

Group
Fibre arrangement

Total
Dense Loose

WDSCC 19 (65.5) 10 (34.5) 29 (100)
MDSCC 10 (40) 15 (58.8) 25 (100)
PDSCC 0 11 (100) 11 (100)
Total 29 (44.6) 36 (55.4) 65 (100)

Values are presented as number (%).
Chi-square = 14.2, df = 2, p = .001. Significant at p < .05.
WDSCC, well differentiated squamous cell carcinoma; MDSCC, moderately 
differentiated squamous cell carcinoma; PDSCC, poorly differentiated 
squamous cell carcinoma.
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on the floor of the mouth, this site appears to be at increased 
risk of developing carcinoma.

In our study, we found a significant increase in the number of 

Table 6. Mean area fraction of collagen fibers in varying grades of 
oral squamous cell carcinoma

Group No. Mean ± SD (%) Minimum–Maximum

WDSCC 29 25.1 ± 5.5 17.7–37.0

MDSCC 25 18.9 ± 3.7 11.5–24.1

PDSCC 11 10.6 ± 3.0 7.0–16.3

Normal mucosa 11 31.5 ± 3.5 27.4–36.2

ANOVA test results. F(3,72) = 51.2, p < .001. Significant at p < .05.
Post-hoc Tukey’s honest significant difference (HSD) testing reveals signifi-
cant differences between all of the groups with each other (p < .001).
SD, standard deviation; WDSCC, well differentiated squamous cell carcino-
ma; MDSCC, moderately differentiated squamous cell carcinoma; PDSCC, 
poorly differentiated squamous cell carcinoma.

Fig. 7. Polarizing light microscopy image of a Picrosirius red-
stained section of well-differentiated oral squamous cell carcinoma 
showing densely packed collagen fibers (arrow) exhibiting a parallel 
arrangement and orange-red birefringence.

Fig. 8. Polarizing light microscopy image of a Picrosirius red-
stained section of moderately differentiated oral squamous cell 
carcinoma showing haphazardly arranged, loosely packed colla-
gen fibers (arrow) exhibiting yellowish-orange birefringence.

Fig. 9. Polarizing light microscopy image of a Picrosirius red-
stained section of poorly differentiated oral squamous cell carcino-
ma showing haphazardly arranged, loosely packed collagen fibers 
(arrow) exhibiting greenish-yellow birefringence.

Table 8. Nature of birefringence observed in varying grades of oral 
squamous cell carcinoma

Group
Birefringence

Total
Strong Weak

Normal mucosa 10 (90.9) 1 (9.1) 11 (100)
WDSCC 26 (89.6) 3 (10.3) 29 (100)
MDSCC 19 (76) 6 (24.0) 25 (100)
PDSCC 3 (27.3) 8 (72.7) 11 (100)
Total 60 (81.1) 14 (18.9) 76 (100)

Values are presented as number (%).
Chi-square = 19.2, df = 3, p < .001. Significant at p < .01.
WDSCC, well differentiated squamous cell carcinoma; MDSCC, moderately 
differentiated squamous cell carcinoma; PDSCC, poorly differentiated 
squamous cell carcinoma.

Table 7. Colors observed via polarizing light microscopy in varying 
grades of oral squamous cell carcinoma 

Group
Hue 

Total 
OR YO GY

Normal mucosa 6 (54.6) 4 (36.4) 1 (9.1) 11 (100)
WDSCC 18 (62) 8 (27.5) 3 (10.3) 29 (100)
MDSCC 9 (35.3) 13 (52) 3 (12) 25 (100)
PDSCC 0 (0) 3 (27.3) 8 (72.7) 11 (100)
Total 33 (43.4) 28 (36.8) 15 (19.7) 76 (100)

Values are presented as number (%).
Fisher’s exact test, p < .001. Significant at p <. 01.
OR, orange red; YO, yellowish orange; GY, greenish yellow; WDSCC, well 
differentiated squamous cell carcinoma; MDSCC, moderately differentiated 
squamous cell carcinoma; PDSCC, poorly differentiated squamous cell 
carcinoma.
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myofibroblasts in OSCC compared to normal tissue, and more 
myofibroblasts were seen in more dedifferentiated carcinomas. 
Previous studies have demonstrated that factors derived from 
aggressive tumor cells are able to diffuse through the basement 
membrane and stimulate myofibroblast transformation.23,24 OSCC-
derived tumor growth factor β1 promotes fibroblast–myofibro-
blast trans-differentiation. and factors released from these myo-
fibroblasts induce tumor cellular proliferation.25-27 Additionally, 
hyaluronan is implicated in myofibroblast formation and main-
tenance. Reduced turnover of hyaluronan has been linked to differ-
entiation of myofibroblasts, and there is a reciprocal relationship 
between the amount of hyaluronan in the matrix and the ability 
of myofibroblasts to deposit fibrillar matrix components.28

We found large variations in the pattern of α-SMA expres-
sion among the malignant lesions ranging from focal to spindle 
to network patterns of stromal myofibroblast positivity. In general, 
the network pattern of α-SMA was seen more often in more dedif-
ferentiated carcinomas. It is likely that neoplastic lesions show 
more severe invasive behavior and a poorer prognosis because of 
the higher number of network-arranged myofibroblasts.13,25 In 
a similar study, IHC was used to detect α-SMA–positive myofi-
broblasts in gastric cancer stromata and in non-neoplastic mucosa. 
Because more myofibroblasts were seen in gastric cancer than in 
the non-neoplastic mucosa, it was concluded that an increased 
number of collagen-producing myofibroblasts may be a crucial 
cause of increased collagen deposition in gastric cancer.29

In our study, the collagen fibers predominantly appeared as 
bundles of thick fibers in WDSCC. Previous studies have shown 
thata collagen-rich microenvironment can promote invasion 
and metastasis.30 Similar to previous findings, the thickness of 
the collagen fibers decreased with progressing OSCC.6,31 As cancer 
progresses, changes in the thickness of collagen fibers occurs 
with a decrease in the existing type I collagen and a simultaneous 
increase in type III collagen due to enzymatic degradation 
brought about by myofibroblasts.7,32 Matrix metalloproteinases 
(MMPs) and lysosomal enzymes, particularly acidic cathepsin, 
are important proteolytic enzymes responsible for connective tissue 
dissolution.6,33 Hyaluronan synthase 2 is one of the key regulators 
responsible for myofibroblast-mediated OSCC progression and 
acts by modulating the balance of MMP1 and tissue inhibitor 
of metalloproteinases (TIMP1).34

Several changes occurred in the arrangement of the collagen 
fibers with the progression of OSCC. First, the orientation of 
collagen fibers changed from parallel to haphazard as seen in other 
studies.7,18,35 Several studies have reported that collagen fibers are 
realigned with respect to the tumor border to promote cell inva-

sion by enabling cells to migrate along the collagen fibres.36-40 
The packing of the fibers also changed from dense to loose as the 
carcinoma progressed, which was similar to a previous study.7 The 
dense arrangement of collagen fibers is due to increased synthesis 
and increased cross-linking of fibrillar collagen by myofibro-
blasts.29 With the progression of cancer, there is increased deg-
radation of the stroma making it loosely packed.6,33 Finally, the 
mean area fraction occupied by collagen fibers decreased gradually 
with progression from WDSCC to PDSCC as in previous stud-
ies.41,42 This could be attributed to MMP-1, which causes deg-
radation of type I collagen leading to a decrease in the mean area 
fraction.42

Differences in interference colors and birefringence intensity 
can be due to distinct patterns of physical aggregation, the degree 
of polymerization, and the three-dimensional organization of 
collagen fibres.15,43 The strong birefringence and OR hue of the 
control and WDSCC samples appear to be related to the higher 
amount of thick type I collagen fibers. The weak birefringence 
and greenish-yellow hue of the PDSCC samples could be either 
be due to an increased number of thin fibers (i.e., type III collagen 
fibers that were identified as reticulin fibers) or the result of ab-
normal or pathological collagen formed by the tumor cells or 
stroma. Regardless of the cause, our results were in accordance 
with those of other studies.3,6,7,16,17,31

It was recently reported that pharmacological inhibition of 
NOX4 slows tumor growth in vivo by targeting myofibroblasts.44 
Lysyl oxidase-like 2 (LOXL2) antibodies disrupt the orientation 
and width of collagen fibers, ultimately resulting in decreased 
tumor growth.45 Our data revealed that collagen fibers were 
quantitatively and qualitatively reorganized in the stroma of 
OSCC. We believe that the increase in activated fibroblasts (i.e., 
myofibroblasts) was a crucial contributor to collagen reorgani-
zation. Initially, there is an attempt to restrict the movement of 
tumor cells, but as the cancer progresses, there is an increase in 
pathological collagen, which enhances movement of the cells 
within the stroma. Therefore, targeting myofibroblasts and collagen 
cross-linking enzymes may be a promising treatment for oral cancer.
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Background: Intratumoral fibrosis (ITF) is a frequent histologic finding in solid organ tumors. Renal 
cell carcinoma (RCC) is a highly vascularized tumor with different shapes and degrees of ITF and 
inflammation. ITF is a poor prognostic factor, especially in breast cancer, and is related to intratu-
moral necrosis (ITN) and intratumoral inflammation (ITI). However, the significance of ITF in RCC 
has not been fully studied. In this study, we evaluate the relationships between ITF and other clini-
copathologic parameters associated with RCC prognosis. Methods: ITF was evaluated in 204 clear 
cell renal cell carcinoma (CCRCC) specimens according to presence and grade of fibrosis, degree 
of ITI, and presence of ITN. Lysyl oxidase (LOX) expression in tumor cells was also evaluated with 
clinicopathologic parameters. Results: Among 204 CCRCC cases, 167 (81.7%) showed ITF, 71 
(34.8%) showed ITI, 35 (17.2%) showed ITN, and 111 (54.4%) showed LOX expression. ITF cor-
related with Fuhrman nuclear grade (p = .046), lymphovascular invasion (LVI) (p = .027), and ITN (p = 

.036). Patients with ITF had a poor five-year overall survival rate (p = .104). Conclusions: ITF is 
related to other poor prognostic factors in CCRCC, such as Fuhrman nuclear grade, ITN, and LVI, 
but ITF itself had no significant correlation with prognosis of CCRCC.
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▒ ORIGINAL ARTICLE ▒

Renal cell carcinoma (RCC) is a common tumor and is one of 
the main causes of death by cancer in Western countries.1 In 
Korea, the number of patients diagnosed with RCC has also been 
increasing recently.2 Clear cell renal cell carcinoma (CCRCC) is 
the most common variant of RCC and represents an aggressive 
histologic subtype.3 CCRCC is a good example of a heteroge-
neous tumor with different clones in different areas of the same 
tumor at the genetic level.4,5 This may be why it has been difficult 
to develop targeted or personalized therapies for RCC.6 RCC is 
also resistant to chemotherapy and radiotherapy. The recently 
increased survival rate of RCC is probably due to early diagnosis 
and improved surgical techniques.7

Metastases are involved in more than 90% of patients who die 
from cancer. Many studies have shown that microenvironment 
and extracellular matrix (ECM) remodeling have crucial roles in 
accelerating tumor proliferation and metastasis.8-11 Lysyl oxidase 
(LOX) is a copper enzyme with important functions in remod-
eling of the ECM.12 LOX oxidizes the lysine residues of structures 
that compose the ECM, thereby catalyzing the crosslinks of col-
lagen and elastin fibers to form a mature structure.13,14 

Intratumoral fibrosis (ITF) and intratumoral inflammation 
(ITI) are frequent histologic findings in solid organ tumors. Many 

studies have shown that ITF is a poor prognostic factor, especially 
in breast cancer, and is related to intratumoral necrosis (ITN) 
and inflammation.15,16 RCC is also a highly vascularized tumor 
with different shapes and degrees of ITF and ITI. As far as we 
know, there are nearly no studies of the significance of ITF in RCC.

The goal of our study is to determine the relationships between 
ITF, ITI, LOX expression, and other prognostic factors of RCC. 
If ITF, ITI, or LOX is related to poor prognosis of RCC, these 
findings could be used to identify potential targets for personal-
ized therapies.

MATERIALS AND METHODS

Patients and materials

This study was performed on 224 RCC samples diagnosed 
from 2003 to 2015 at Daegu Catholic University Medical Center. 
The specimens included 163 total nephrectomies and 61 partial 
nephrectomies. Follow-up data were started at the time of diag-
nosis until August 31, 2016. The average follow-up period was 
66.3 months, excluding patients lost to follow-up. Two patholo-
gists (H.K. Oh and J.W. Joung) reviewed all slides to evaluate 
the diagnosis, histologic type, Fuhrman nuclear grade, tumor 
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diameter, lymphovascular invasion (LVI), ITF, ITI, and ITN. 
This study was approved by the Institutional Review Board of 
Daegu Catholic University Medical Center (CR-18-009-RES-
001-R) and performed in accordance with the Helsinki declara-
tion. Because this is a retrospective study, informed consent was 
waived. All patient information was anonymized prior to analysis.

Tissue microarray and immunohistochemistry

Tissue microarrays that contained representative tumor cores 
(2 mm in diameter) were used to evaluate LOX expression. Immu-

nohistochemistry was performed using polyclonal rabbit LOX 
antibody (dilution 1:500, Novus Biologicals, Littleton, CO, 
USA) in the Leica Bond-Max automated immunostainer (Leica 
Biosystems, Wetzlar, Germany). 

Grading of intratumoral fibrosis, intratumoral inflammation, 
and LOX expression

ITF is composed of fibroblasts admixed with various volumes 
of collagen surrounded by tumor cells and located within the tumor 
boundary. Like many studies in breast cancer, ITF is defined when 

Fig. 1. Intratumoral fibrosis (ITF). Hematoxylin and eosin staining is compared with trichrome staining. (A, B) Grade 1 ITF mainly composed 
of loose connective tissue. (C, D) Grade 2 ITF composed of collagen fibers and loose connective tissue. (E, F) Grade 3 ITF mainly composed 
of sclerotic collagen fibers. 

A

C
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B

D
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the size is more than 0.1 cm.15,16 In this study, ITF was classified 
into grades 0 to 3. Grade 0 ITF was defined as no fibrosis within 
tumor. Grade 1 ITF was mainly composed of loose connective 
tissue, grade 2 ITF was composed of collagen fibers and loose 
connective tissue, and grade 3 ITF was mainly composed of thick 
sclerotic collagen fibers (Fig. 1). 

To investigate the relationship between ITF and ITI, ITI was 
graded from 0 to 3 according to the amount of inflammatory 
cells within the tumor boundary. Grade 0 ITI had no inflam-

matory cell infiltration, while grade 1 ITI had a few scattered 
inflammatory cells. Grade 2 ITI was characterized by focal ag-
gregation of inflammatory cells, and grade 3 ITI was defined as 
diffuse or nodular aggregation of inflammatory cells (Fig. 2). 
ITF grade 0 was classified as negative, and grades 1, 2, and 3 
were classified as positive. ITI of 0 or 1 was classified as negative, 
and ITI grade 2 or 3 was classified as positive.

LOX expression level was graded as 0 to 3 according to the 
degree of intensity and proportion of stained tumor cells: LOX 

Fig. 3. Immunohistochemical staining of lysyl oxidase (LOX). (A) Control staining of normal kidney. Tubular cells show no reactivity. (B) LOX 
expression 1, with focal and weak staining in tumor cell cytoplasm. (C) LOX expression 2, with moderate cytoplasmic staining in nearly 50% 
of tumor cells. (D) LOX expression 3, with strong and diffuse staining of tumor cell cytoplasm. 

Fig. 2. Intratumoral inflammation (ITI). (A) Grade 1 ITI with scattered inflammatory cells. (B) Grade 2 ITI with focal aggregation of inflammatory 
cells. (C) Grade 3 ITI with diffuse or nodular aggregation of inflammatory cells. 

A B C

A

C

B

D



http://jpatholtm.org/ https://doi.org/10.4132/jptm.2018.07.21

326     •  Joung JW, et al.

expression is scored as 0 (no staining), 1 (minimal intensity, < 10% 
of cells), 2 (moderate intensity, 10%–49% of cells), or 3 (strong 
intensity, ≥ 50% of cells). LOX expression was then classified as 
negative (0 and 1) or positive (2 and 3). Every tissue microarray 
contained normal kidney as a control group. In normal kidneys, 
tubular cells show no reactivity to LOX (Fig. 3).

Statistical analysis

All statistical analyses were performed using SPSS software 
program ver. 19.0 for Windows (SPSS Inc., Chicago, IL, USA). 
The relationships between ITF, ITI, LOX expression, and clini-
copathologic parameters were analyzed using the chi-square test. 
The 5-year overall survival rate according to presence of ITF 
was analyzed using the Kaplan-Meier method. The clinicopath-
ologic parameters evaluated were patient age, sex, histologic type, 
Fuhrman nuclear grade, tumor size, pathologic staging, LVI, 
and ITN.

RESULTS

Clinicopathologic characteristics of patients

In 224 cases of RCC, the three most common tumor types 
were CCRCC (204 cases), papillary RCC (11 cases), and chro-
mophobe RCC (5 cases). Other types include mucinous RCC 
(one case), mucinous tubular and spindle-cell carcinoma (one 
case), oncocytoma (one case), and unclassified RCC (one case). 
CCRCC cases represented 91.1% of the total RCC cases 
(204/224).

Of the 204 patients with CCRCC, 139 (68.1%) were male 
and 65 (31.9%) were female. The average age (mean ± standard 
deviation [SD]) at diagnosis was 59.7 ± 11.8 years and ranged 
between 27 and 87 years. Follow-up data were obtained from 191 
patients (93.6%) with average follow-up period of 50.4 months. 
Based on the follow-up data available on patients, 11 patients 
(5.8%) died of disease, and 25 patients (13.1%) had metastasis 
to other organs.

Average tumor diameter (mean ± SD) was 4.48 ± 3.01 cm 
(range 0.5 to 19 cm). Fuhrman nuclear grade distribution was 
12 G1 (5.9%), 118 G2 (57.8%), 55 G3 (27.0%), and 19 G4 
(9.3%). A total of 130 cases (63.7%) were low grade (grade 1 
and 2), and 74 cases (36.3%) were high grade (grade 3 and 4). 
There were 154 cases of pT1 (75.5%), 19 cases of pT2 (9.3%), 
30 cases of pT3 (14.7%), and one case of pT4 (0.5%). A total of 
173 cases (84.8%) were low stage (stages 1 and 2), and 31 cases 
(15.2%) were high stage (stages 3 and 4). When performing sta-
tistical analysis, Fuhrman nuclear grade and pathologic T stage 

were divided into low (nuclear grades 1 and 2 or T stages 1 and 
2) and high (nuclear grades 3 and 4 or T stages 3 and 4) groups. 
The clinicopathologic characteristics are listed in Table 1.

Associations between ITF and clinicopathologic 
characteristics

ITF was found in 167 cases (81.7%), indicating that ITF is a 
relatively common finding in CCRCC. Clinicopathologic param-
eters that are strongly associated with ITF are Fuhrman nuclear 

Table 1. Clinicopathologic characteristics of patients

Clinicopathological parameter No. (%)

Age (yr)
Mean ± SD 59.7 ± 11.8 
Range 27–87

Tumor size (cm)
Average ± SD 4.48 ± 3.01
 Range 0.5–19

Sex
Male 139 (68.1)
Female 65 (31.9)

Fuhrman nuclear grade
1 12 (5.9)
2 118 (57.8)
3 55 (27.0)
4 19 (9.3)

Pathologic stage
1 154 (75.5)
2 19 (9.3)
3 30 (14.7)
4 1 (0.5)

Lymphovascular invasion
Absent 175 (85.8)
Present 29 (14.2)

Tumor necrosis
Absent 169 (82.8)
Present 35 (17.2)

Intratumoral inflammation
0 25 (12.3)
1 108 (52.9)
2 59 (28.9)
3 12 (5.9)

Intratumoral fibrosis
0 37 (18.1)
1 59 (28.9)
2 77 (37.7)
3 31 (15.2)

LOX
0 11 (5.4)
1 82 (40.2)
2 82 (40.2)
3 29 (14.2)

SD, standard deviation; LOX, lysyl oxidase.
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grade (p = .003), LVI (p = .027), and ITN (p = .036) according to 
presence (grades 1, 2 and 3) and absence (grade 0) of ITF. LOX 
expression status was not statistically associated with ITF (Table 2).

Associations between ITI and clinicopathologic 
characteristics

ITI was found in 71 (34.8%) cases. Clinicopathologic param-
eters that are strongly associated with ITI are tumor size (p < 

.001), Fuhrman nuclear grade (p < .001), pathologic stage (p = 

.004), LVI (p < .001), and ITN (p < .001). The LOX expression 
status was not statistically associated with ITI (Table 3).

Associations between LOX expression and clinicopathologic 
characteristics

LOX expression was found in 111 cases (54.4%). No clinico-
pathologic parameters evaluated were statistically associated 
with LOX expression (Table 4).

Associations between ITF and clinicopathologic 
characteristics

ITF size was on average 0.56 cm with a SD of 0.42 cm, ranging 
between 0.1 and 2.0 cm. The median value was 0.5 cm. ITF 
size was divided into two groups: small was defined as 0.5 cm or 
less, large was defined as over 0.5 cm. Large ITF size is associated 
with a higher Fuhrman nuclear grade (p = .007) (Table 5).

Association between ITF and patient prognosis

The 5-year overall survival rate of patients excluding loss to fol-
low-up was 94.2% (180/191). Patients without ITF had 100% 
(36/36) 5-year overall survival rate, and patients with ITF had 
92.9% (144/155) 5-year overall survival rate. The p-value was 
.104 (Fig. 4). Statistically, ITF and 5-year overall survival rate 
showed no significant correlation.

Table 2. Associations of intratumoral fibrosis with clinicopathologic 
characteristics

Clinicopathological 
parameter

Intratumoral fibrosis
p-value

Absent Present

Age (yr)
< 60 21 (20.8) 80 (79.2) .330
≥ 60 16 (15.5) 87 (84.5)

Sex
Male 26 (18.7) 113 (81.3) .758
Female 11 (16.9) 54 (83.1)

Tumor size (cm)
≤ 7 34 (20.2) 134 (79.8) .093
> 7 3 (8.3) 33 (91.7)

Fuhrman nuclear grade
Low (grade 1 and 2) 31 (23.8) 99 (76.2) .003**
High (grade 3 and 4) 6 (8.1) 68 (91.9)

Pathologic stage
Low (stage 1 and 2) 33 (19.1) 140 (80.9) .295
High (stage 3 and 4) 4 (12.9) 27 (87.1)

Lymphovascular invasion
Absent 36 (20.6) 139 (79.4) .027*
Present 1 (3.4) 28 (96.6)

Tumor necrosis
Absent 35 (20.7) 134 (79.3) .036*
Present 2 (5.7) 33 (94.3)

Intratumoral inflammation
Absent 25 (18.8) 108 (81.2) .738
Present 12 (16.9) 59 (83.1)

LOX expression
Absent 16 (17.2) 77 (82.8) .752
Present 21 (18.9) 90 (81.1)

Values are presented as number (%).
LOX, lysyl oxidase.
*p < .05, **p < .01.

Table 3. Associations of intratumoral inflammation with clinico-
pathologic characteristics

Clinicopathological 
parameters

Intratumoral inflammation
p-value

Absent Present

Age (yr)
< 60 67 (66.3) 34 (33.7) .735
≥ 60 66 (64.1) 37 (35.9)

Sex
Male 85 (61.2) 54 (38.8) .076
Female 48 (73.8) 17 (26.2)

Tumor size (cm)
≤ 7 120 (71.4) 48 (28.6) < .001***
> 7 13 (36.1) 23 (63.9)

Fuhrman nuclear grade
Low (grade 1 and 2) 102 (78.5) 28 (21.5) < .001***
High (grade 3 and 4) 31 (41.9) 43 (58.1)

Pathologic stage
Low (stage 1 and 2) 120 (69.4) 53 (30.6) .004**
High (stage 3 and 4) 13 (41.9) 18 (58.1)

Lymphovascular invasion
Absent 124 (70.9) 51 (29.1) < .001***
Present 9 (31.0) 20 (69.0)

Tumor necrosis
Absent 124 (73.4) 45 (26.6) < .001***
Present 9 (25.7) 26 (74.3)

Intratumoral fibrosis
Absent 25 (67.6) 12 (32.4) .738
Present 108 (64.7) 59 (35.3)

LOX expression
Absent 60 (64.5) 33 (35.5) .852
Present 73 (65.8) 38 (34.8)

Values are presented as number (%).
LOX, lysyl oxidase.
**p < .01, ***p < .001.
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DISCUSSION

There are many similar mechanisms between tumor develop-
ment, tumor metastases, and formation of fibrosis. One of these 
mechanisms is ECM remodeling,17,18 which occurs predominantly 
while forming fibrosis and results in many changes in the ECM. 
These changes also activate other signaling pathways.10,11,19

Inflammatory cell infiltration in tumors and the tumor micro-
environment is a significant factor in tumor progression. Recent 
studies have shown that tumor-associated immune cells play a 
role in RCC initiation and development.20,21 Some inflamma-
tory cells in RCC, such as T lymphocytes and macrophages, may 
affect tumor progression and invasion.22 Yang et al.23 reported 
that infiltrating macrophages could accelerate cancer invasion by 
increasing the epithelial to mesenchymal transition. This ability 
of macrophages is thought to be associated with activation of 
the AKT/mammalian target of rapamycin signal. Further research 
on this pathway could be helpful in developing a new target 

therapy for RCC. 
There is increasing evidence that ITF is associated with poor 

prognosis in breast cancers.15,16 ITF is related to many factors, 

Table 5. Associations of intratumoral fibrosis size with clinicopath-
ologic characteristics

Clinicopathological 
parameter

Intratumoral fibrosis size (cm)
p-value

≤ 0.5 > 0.5

Age (yr)
< 60 57 (71.3) 23 (28.7) .523
≥ 60 58 (66.7) 29 (33.3)

Sex
Male 82 (72.6) 31 (27.4) .135
Female 33 (61.1) 21 (38.9)

Tumor size (cm)
≤ 7 96 (71.6) 38 (28.4) .118
> 7 19 (57.6) 14 (42.4)

Fuhrman nuclear grade
Low (grade 1 and 2) 76 (76.8) 23 (23.2) .007**
High (grade 3 and 4) 39 (57.4) 29 (42.6)

Pathologic stage
Low (stage 1 and 2) 97 (69.3) 43 (30.7) .475
High (stage 3 and 4) 18 (66.7) 9 (33.3)

Lymphovascular invasion
Absent 100 (71.9) 39 (28.1) .055
Present 15 (53.6) 13 (46.4)

Tumor necrosis
Absent 95 (70.9) 39 (29.1) .253
Present 20 (60.6) 13 (39.4)

Intratumoral inflammaion
Absent 78 (72.2) 30 (27.8) .205
Present 37 (62.7) 22 (37.3)

LOX expression
Absent 50 (64.9) 27 (35.1) .311
Present 65 (72.2) 25 (27.8)

Values are presented as number (%).
LOX, lysyl oxidase.
**p < .01.

Table 4. Associations of LOX expression with clinicopathologic 
characteristics

Clinicopathological 
parameter

LOX expression
p-value

Absent Present

Age (yr)
< 60 43 (42.6) 58 (57.4) .392
≥ 60 50 (48.5) 53 (51.5)

Sex
Male 61 (43.9) 78 (56.1) .475
Female 32 (49.2) 33 (50.8)

Tumor size (cm)
≤ 7 77 (45.8) 91 (54.2) .879
> 7 16 (44.4) 20 (55.6)

Fuhrman nuclear grade
Low (grade 1 and 2) 56 (43.1) 74 (56.9) .209
High (grade 3 and 4) 37 (50.0) 37 (50.0)

Pathologic stage
Low (stage 1 and 2) 77 (44.5) 96 (55.5) .295
High (stage 3 and 4) 16 (51.6) 15 (48.4)

Lymphovascular invasion
Absent 76 (43.4) 99 (56.6) .128
Present 17 (58.6) 12 (41.4)

Tumor necrosis
Absent 80 (47.3) 89 (52.7) .270
Present 13 (37.1) 22 (62.9)

Intratumoral inflammation
Absent 7 (5.3) 126 (94.7) .911
Present 4 (5.6) 67 (94.4)

Intratumoral fibrosis
Absent 16 (43.2) 21 (56.8) .752
Present 77 (46.1) 90 (53.9)

Values are presented as number (%).
LOX, lysyl oxidase. Fig. 4.  5-Year overall survival rate according to intratumoral fibrosis. 
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such as higher histologic grade, pathologic T stage, lymph node 
metastasis, and increased risk of recurrence in breast cancer. In 
many studies, ITF as a prognostic factor independently correlates 
with other prognostic factors.24 In 1987, Delahunt and Nacey25 
studied prognostic factors of RCC with 102 cases. They accessed 
many clinicopathological parameters to find any relationship with 
prognosis. They categorized fibrosis into three groups: slight or 
absent, moderate, and severe. Their study showed that fibrosis 
was not correlated with prognosis of RCC. 

In our study, ITF is related to higher histologic grade, LVI, 
ITN, and ITI in CCRCC. Frank et al.26 reported that ITN is a 
prognostic factor according to the SSIGN (tumor stage, size, 
grade, and necrosis) scoring system. Our result shows that ITF 
and ITI are strongly associated with ITN. We statistically analyzed 
two groups of ITF to identify differences between the presence 
and grades of ITF. In group 1, ITF 0 was classified as negative, 
and ITF 1, 2, and 3 were classified as positive. In group 2, ITF 
0 and 1 were considered negative, and ITF 2 and 3 were considered 
positive. Statistically, no significant differences were identified 
between these two groups, probably because the presence of ITF 
itself is a meaningful finding rather than ITF grade. The large ITF 
size is related to a higher Fuhrman nuclear grade. The 5-year 
overall survival rate tends to be better for patients who do not 
have ITF, but statistical significance has not been identified (p = 

.104). 
LOX modifies collagen and elastin fibers in the ECM.27 Colla-

gen I is the most common substrate used by LOX. The most 
important factor in forming fibrosis is increased synthesis of 
ECM protein by fibroblast activation, and collagen type I is the 
most commonly synthesized protein during this process. When 
collagen I is present at a high level in vital organs, it sometimes 
causes severe morbidity and mortality. Many studies have shown 
that collagen I plays a major role in cancer development and 
metastases.28 In breast cancers, the formation of fibrosis by re-
modeling of the ECM was also found to be associated with gene 
expression patterns related to adverse prognosis and cancer metas-
tasis.29-32 Jensen et al.33 reported that, in recurrent breast cancer, 
an increased level of the collagen I precursor, procollagen I, 
could be detected in patient serum. 

In this study, we investigated the relationship between LOX 
expression and ITF formation. Our hypothesis was that LOX 
participates in formation of ITF in CCRCC. However, our results 
show no correlation between LOX expression and ITF formation 
or other clinicopathologic features. Hence, ITF in CCRCC may 
be formed by other cytokines during ECM remodeling. Further 
study of other fibrogenic cytokines, such as transforming growth 

factor β and tumor necrosis factor α, is needed.
Our results show no relationship of ITF or ITI with LOX ex-

pression; there may be some reasons for this result. First, LOX 
is not involved in forming ITF of CCRCC. Second, there could 
be other classifications for grading LOX expression. We assumed 
that all normal tubular cells show no reactivity to LOX, although 
some normal tubular cells showed grade 1 expression. If we adjust 
LOX grading, different results may be obtained. We also found 
relatively low rates of death by CCRCC because the follow-up 
period was short and there was a high proportion of low-grade 
patients (Fuhrman nuclear grade 1 or 2).

Our results show that ITF is a pathologic finding related to 
other adverse prognostic factors, including higher Fuhrman nuclear 
grade, ITN, and LVI. However, ITF itself shows no direct cor-
relation with poor prognosis of CCRCC. LOX expression shows 
no correlation with ITF or any other clinicopathologic parameters 
in this study. Further evaluation of other fibrogenic cytokines in 
addition to LOX should be considered.
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Background: The aim of this study is to elucidate the clinicopathological significances, including 
the prognostic role, of metastatic lymph node ratio (mLNR) and tumor deposit diameter in papillary 
thyroid carcinoma (PTC) through a retrospective review and meta-analysis. Methods: We catego-
rized the cases into high (≥ 0.44) and low mLNR (< 0.44) and investigated the correlations with 
clinicopathological parameters in 64 PTCs with neck level VI lymph node (LN) metastasis. In addi-
tion, meta-analysis of seven eligible studies was used to investigate the correlation between 
mLNR and survival. Results: Among 64 PTCs with neck level VI LN metastasis, high mLNR was 
found in 34 PTCs (53.1%). High mLNR was significantly correlated with macrometastasis (tumor 
deposit diameter ≥ 0.2 cm), extracapsular spread, and number of metastatic LNs. Based on linear 
regression test, mLNR was significantly increased by the largest LN size but not the largest meta-
static LN (mLN) size. High mLNR was not correlated with nuclear factor κB or cyclin D1 immuno-
histochemical expression, Ki-67 labeling index, or other pathological parameters of primary tumor. 
Based on meta-analysis, high mLNR significantly correlated with worse disease-free survival at 
the 5-year and 10-year follow-up (hazard ratio [HR], 4.866; 95% confidence interval [CI], 3.527 to 
6.714 and HR, 5.769; 95% CI, 2.951 to 11.275, respectively). Conclusions: Our data showed that 
high mLNR significantly correlated with worse survival, macrometastasis, and extracapsular 
spread of mLNs. Further cumulative studies for more detailed criteria of mLNR are needed before 
application in daily practice.
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▒ ORIGINAL ARTICLE ▒

Papillary thyroid carcinoma (PTC) is a malignant tumor with 
favorable prognosis.1 Neck level VI lymph node (LN) metastasis 
is associated with primary tumor size, tumor multifocality, and 
extrathyroidal extension.2 However, neck level VI LN metastasis 
is frequently found in up to 80% of patients.3,4 The prognosis 
of patients with neck level VI LN metastasis is different from 
those without nodal disease.5 The new eighth American Joint 
Committee on Cancer (AJCC) staging has been introduced and 
applied in daily practice.6 An important change in pN stage in the 
eighth AJCC staging systems is that stage group is not different 
based on the difference between pN1a and pN1b.6,7 In the seventh 
AJCC staging, cases with pN1b disease are defined as stage IVA, 
regardless of pT stage in patients of 45 years and older.7 However, 
in the eighth AJCC staging, pN1 disease is classified as stage II 
in pT1 and pT2 in 55 years and older patients.6 Furthermore, 
pN1 disease is considered as a single group without distinction 
between pN1a and pN1b in risk assessment. Because the risk 
assessment models of the eighth AJCC staging are simpler com-

pared with the previous version, a more detailed risk stratifica-
tion may be necessary. 

To predict the prognosis of patients with nodal disease, path-
ological parameters, such as number of examined LNs and met-
astatic LNs (mLNs), mLN size, metastatic foci size within mLN, 
extracapsular spread, and metastatic LN ratio (mLNR), have been 
introduced and their prognostic roles evaluated.2,6 The mLNR is 
defined as the ratio of number of mLNs to number of LNs exam-
ined. The prognostic role of the mLNR has been used to study 
various malignant tumors, including PTCs.8-18 Positive correla-
tion between high mLNR and worse survival has been reported 
for various malignant tumors, such as stomach, colorectal, and 
pancreatic cancers.9,13,15,18-21 However, detailed criteria for the high 
mLNR cut-off value and the minimal number of examined LNs 
required have not been fully elucidated. 

The aim of this study is to elucidate the clinicopathological 
significances of mLNR and the correlations with pathological 
characteristics of LN through a retrospective review of PTC with 
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neck level VI LN metastasis. In addition, meta-analysis was con-
ducted to evaluate the correlation between high mLNR and 
survival. 

MATERIALS AND METHODS

Patients and evaluation of pathological features

The present study included 122 patients with conventional 
PTC who received neck level VI LN dissection. All PTCs were 
surgically resected at Kangbuk Samsung Hospital, Sungkyunk-
wan University School of Medicine (Seoul, Republic of Korea) 
from January 1 to December 31, 2010. Among 122 patients with 
PTC, central LN metastasis (level VI) was found in 64. To eluci-
date the clinicopathological significance of the mLNR, clinico-
pathological parameters, such as age, sex, tumor size, BRAFV600E 
mutation, tumor multifocality, and extrathyroidal extension, a 
review of medical charts and pathological records was performed. 
All dissected LNs were embedded for microscopic examination, 
and LN characteristics were evaluated. pTNM staging was per-
formed according to the eighth AJCC TNM classification system.7 
All procedures performed in the current study were approved 
by the Institutional Review Board (IRB; approval No. KBSMC 
2016-04-070). Formal written informed consent was waived by 
the IRB.

Evaluation of mLN characteristics

All embedded LNs were evaluated by reviewing glass slides. 
Evaluated characteristics were number of dissected LNs and mLNs, 
largest LN size, largest mLN size, and mean LN size, mLNR, 
and tumor deposit size of mLN. mLNR was defined as number 
of mLNs to total number of dissected LNs. We categorized the 
cases into high (≥ 0.44) and low mLNR (< 0.44) and into mac-
rometastasis (tumor deposit size ≥ 0.2 cm) and micrometastasis 
(< 0.2 cm). In the present study, based on median cut-off value 
(mLNR, 0.44), eligible studies were divided into high and low 
mLNR subgroups.

Tissue array methods 

Two array blocks containing 64 PTCs with neck level VI LN 
metastasis were prepared for immunohistochemistry. A tissue 
core was obtained from each primary tumor. Core tissue biopsies 
(2 mm diameter) were collected from individual paraffin-em-
bedded donor PTC blocks and delivered in recipient tissue array 
blocks using a trephine apparatus. Each block contained non-
neoplastic thyroid tissue as an internal control. 

Immunohistochemical staining 

Sections 4 μm in size were cut, deparaffinized, and hydrated 
using routine xylene-alcohol procedures before incubation with 
0.01 M citrate buffer (pH 6.0) for 5 minutes in a microwave 
oven for antigen retrieval and treatment with 3% H2O2 to 
quench endogenous peroxidase. Sections were treated with normal 
serum from the animal used to generate secondary antibodies to 
block nonspecific binding and then incubated with anti-nuclear 
factor κB (NF-κB) RelA (1:100, Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), anti-cyclin D1 (1:100, Thermo Fisher Scientific, 
Fremont, CA, USA), or anti-Ki-67 (1:50, Santa Cruz Biotech-
nology). A compact polymer method from Bond Intense detec-
tion kits (Leica Biosystems, Newcastle upon Tyne, UK) was 
used for immunohistochemical staining and 3,3'-diaminoben-
zidine (Vector Laboratories, Burlingame, CA, USA) for visual-
ization. To confirm reaction specificity, a negative control without 
primary antibody was included. For counterstaining, immunos-
tained sections were lightly stained with Mayer’s hematoxylin. 

Nuclear expression of NF-κB RelA, regardless of cytoplasmic 
expression, was considered as NF-κB activation. In the present 
study, NF-κB positivity was defined as NF-κB stain in ≥ 5% of 
tumor cell nuclei.22-24 Regarding interpretation for cyclin D1, 
patients showing nuclear staining in κ 10% of the tumor cells 
were considered positive.25 For Ki-67 staining, we evaluated at 
least 300 cells and counted cells with nuclear staining for each 
specimen. Proliferation index (%) was 100 × Ki-67-positive 
cells/300 cells. 

Meta-analysis

Relevant articles were obtained by searching PubMed and 
MEDLINE databases up to May 15, 2018. Searches were per-
formed using the keywords ‘papillary thyroid carcinoma’ and 
‘metastatic lymph node ratio or lymph node ratio.’ The title and 
abstract of all searched articles were screened for exclusion. Review 
articles were also screened to find additional eligible studies. 
Search results were then scanned based on the following inclusion 
and exclusion criteria: (1) human thyroid tissue was investigated, 
(2) available information for the correlation between mLNR 
and survival in PTC with neck level VI LN metastasis, (3) case 
reports or non-original articles were excluded, and (4) non-Eng-
lish language publications were excluded. Data from all eligible 
studies were extracted by two authors. The following data were 
extracted from each of the eligible studies8,10-12,14,16,26: first author’s 
name, year of publication, number of patients analyzed, and cor-
relation between mLNR and survival based on previous studies.27,28 
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Statistical analysis 

SPSS ver. 22.0 software (IBM Corp., Armonk, NY, USA) was 
used for statistical analyses. The correlations between mLNR and 
clinicopathological parameters, including the immunohisto-
chemical results of primary tumor, were determined using either 
chi-square test or the Fisher exact test (two-sided). The relation-
ships between mLNR and tumor size, LN size, mLN size, and 
tumor deposit diameter of LN were analyzed using a two-tailed 
Student’s t-test. Linear regression analysis was conducted to inves-
tigate correlations between primary tumor size and tumor mul-
tifocality, number of tumors, and supplemental tumor size. 

In the meta-analysis, data were analyzed using the Compre-
hensive Meta-Analysis software package (Biostat, Englewood, 
NJ, USA). The correlation between high mLNR and survival 
rate in patients with PTC was investigated using meta-analysis. 

We performed subgroup analysis based on follow-up period and 
cut-off value for high mLNR. Heterogeneity between studies 
was analyzed using the Q and I2 statistics and presented as p-
values. In addition, sensitivity analysis was conducted to assess 
the heterogeneity of eligible studies and the impact of each study 
on the combined effect. Because various cut-off values for high 
mLNR were used for various populations, the application of 
random-effect model rather than fixed-effect model was more 
suitable. The assessment of publication bias was performed using 
Begg’s funnel plot and Egger’s test. The results were considered 
statistically significant at p < .05.

RESULTS

Correlations between mLNR and clinicopathological 
parameters 

Among 122 patients with PTCs, neck level VI LN metastasis 
was found in 64. We first investigated the clinicopathological 
significance of high mLNR (≥ 0.44) in 64 PTC patients with neck 
level VI LN metastasis. No significant correlation was observed 
between high mLNR and clinicopathological parameters, such 
as age, sex, tumor size, BRAFV600E mutation, tumor multifo-
cality, and pTNM stage (Table 1). Next, the correlations between 
mLNR and pathological statuses of examined and mLNs were 
evaluated. The tumor deposit diameters of mLNs were 0.43 ± 0.31 
cm and 0.29 ± 0.41 cm in high and low mLNR, respectively (p = 

Table 1. The correlation between mLNR and clinicopathological 
features in PTCs 

High mLNR 
(≥ 0.44)

Low mLNR 
(< 0.44)

p-value

Total (n = 64) 34 (53.1) 30 (46.9)
Age (yr) 45.2 ± 12.7 46.3 ± 12.8 .718
Sex > .999
   Male 9 (26.5) 7 (23.3)
   Female 25 (73.5) 23 (76.7)
Tumor size (cm) 1.41 ± 0.76 1.42 ± 0.64 .991
Tumor size .668
   Overt PTC (> 1 cm) 21 (61.8) 21 (70.0)
   Microcarcinoma (≤ 1 cm) 13 (38.2) 9 (30.0)
BRAF mutation .884
   Present 32 (94.1) 27 (90.0)
   Absent 2 (5.9) 3 (10.0)
Multifocality of tumor .726
   Present 15 (44.1) 11 (36.7)
   Absent 19 (55.9) 19 (63.3)
No. of tumors .855
   1 19 (55.9) 19 (63.3)
   2 9 (26.5) 7 (23.3)
   3 3 (8.8) 3 (10.0)
   4 2 (5.9) 1 (3.3)
   5 0 (0.0) 0
   6 1 (2.9) 0
Extrathyroidal extension .753
   Present 25 (73.5) 24 (80.0)
   Absent 9 (26.5) 6 (20.0)
Tumor stage (8th) .712
   I 26 (76.5) 25 (83.3)
   II 8 (23.5) 5 (16.7)
   III 0 0
   IV 0 (6.7) 0 (6.7)

Values are presented as number (%) or mean ± SD.
mLNR, metastatic lymph node ratio; PTC, papillary thyroid carcinoma; SD, 
standard deviation.

Table 2. The correlation between mLNR and pathological status of 
LN in papillary thyroid carcinomas 

High mLNR 
(≥ 0.44)

Low mLNR 
(< 0.44)

p-value

Total (n = 64) 34 (53.1) 30 (46.9)
mLNR 0.72 ± 0.21 0.22 ± 0.11 < .001
Largest tumor deposit 
  diameter (cm)

0.43 ± 0.32 0.29 ± 0.41 .114

Macrometastasis (> 0.2 cm) .006
   Present 28 (82.4) 14 (46.7)
   Absent 6 (17.6) 16 (53.3)
Extracapsular spread .007
   Present 13 (38.2) 2 (6.7)
   Absent 21 (61.8) 28 (93.3)
Examined lymph node
   Number 6.53 ± 5.39 11.80 ± 8.72 .006
   Mean size (cm) 0.32 ± 0.14 0.26 ± 0.10 .041
   Largest LN size (cm) 0.54 ± 0.29 0.55 ± 0.36 .947
Metastatic lymph node
   Number 4.38 ± 3.37 2.27 ± 2.07 .003
   Mean size (cm) 0.38 ± 0.19 0.41 ± 0.21 .547
   Largest LN size (cm) 0.53 ± 0.29 0.48 ± 0.38 .597

Values are presented as number (%) or mean ± SD.
mLNR, metastatic lymph node ratio; LN, lymph node; SD, standard deviation.
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.114) (Table 2). The rate of macrometastasis (> 0.2 cm) in high 
mLNR was significantly higher than in low mLNR (82.9% vs 
44.8%, p = .006). In addition, extracapsular spread of LN was 
more frequently found in high mLNR than in low mLNR 
(37.1% vs 6.9%, p = .007). However, high mLNR was not sig-
nificantly correlated with mean size or largest size of examined 
and mLNs. The mLNR was significantly increased by the largest 
LN size, but not the largest mLN size (p = .001 vs p = .364) (Fig. 
1). In the high mLNR group, the largest examined LN and the 
largest mLN were equal to 94.1%; however, in the low mLNR 
group, the rate was 56.7%.

We previously reported that nuclear NF-κB RelA of the primary 

tumor significantly correlated with LN metastasis.29 In the 
present study, the correlations between mLNR and the immu-
nohistochemical expressions of primary tumor, such as NF-κB 
RelA, cyclin D1, and Ki-67 labeling index, were investigated. 
High mLNR was not significantly correlated with nuclear NF-
κB RelA (p = .271) or cyclin D1 expression (p > .999). In addi-
tion, no significant correlation between high mLNR and ki-67 
labeling index was observed (p = .917).

Meta-analysis of the correlation between high mLNR and 
survival 

The database search identified 288 reports. Of these, 254 re-

     288 Studies identified through database searching

     ‌�Primary selection through browsing the retrieved 
  titles and abstracts

     ‌�261 Studies excluded 
     235: no or insufficient information 
     16: non-original article 
     6: articles of non-English 
     4: studies for other disease

     ‌�27 Full-text articles assessed for eligibility

     ‌�8 Studies included in the meta-analysis

     ‌�19 Studies excluded due to no or 
  insufficient information

0.0              0.5               1.0               1.5              2.0

R2 = 0.013; p = .364R2 = 0.090; p = .001

0.0              0.5               1.0               1.5              2.0

Largest mLN size (cm)Largest LN size (cm)

1.0

0.8

0.6

0.4

0.2
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Fig. 1. Correlation between metastatic lymph node ratio (mLNR) and largest lymph node size (A) and largest metastatic lymph node (mLN) 
size (B) based on linear regression.

Fig. 2. Flow chart of study search and selection methods. 
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ports were excluded due to lack of sufficient information. Other 
studies were excluded because they reported the results of other 
diseases (n = 4), were non-English (n = 6), or were non-original 
articles (n = 16) (Fig. 2). After applying the inclusion and exclu-
sion criteria, seven reports were finally included for meta-analy-
sis.8,10-12,14,16,26 Eligible studies used various cut-off values for 
high mLNR ranging from 0.22 to 0.65. To elucidate the prog-
nostic role of mLNR, the correlation between high mLNR and 
survival rate was investigated. High mLNR significantly corre-
lated with worse disease-free survival at the 5-year and 10-year 
follow-up (hazard ratio [HR], 5.408; 95% confidence interval 
[CI], 3.189 to 9.170 and HR, 6.020; 95% CI, 3.483 to 10.404, 
respectively) (Fig. 3). To evaluate the optimal cut-off value for 
high mLNR, subgroup analysis based on a cut-off value of 0.44, 
was performed. High (≥ 0.44) and low mLNR cut-off (< 0.44) 
subgroups showed significant correlation between high mLNR 
and worse disease-free survival at the 5-year follow-up (HR, 
5.088; 95% CI, 1.926 to 13.443 and HR, 5.570; 95% CI, 2.833 
to 10.952; respectively) and 10-year follow-up (HR, 5.597; 
95% CI, 1.806 to 17.350 and HR, 6.158; 95% CI, 2.863 to 
13.245, respectively).

DISCUSSION

Involvement of neck level VI LN is common in PTC and occurs 
in up to 80% of patients.29 The clinicopathological significance 
of neck level VI LN metastasis is of less concern because patients 
with PTC have favorable prognosis. The nodal disease is subdi-
vided into pN1a and pN1b based on the location of involved 
LNs in the eighth AJCC staging.6 However, usefulness of pN1a 
disease stratification for predicting prognosis has not been fully 
elucidated. In the present study, the correlations between mLNR 
and pathological features of mLN and the prognostic role of mLNR 
in patients with PTC were evaluated using a retrospective study 
and meta-analysis.

In AJCC staging, pN stage is subdivided into pN1a and pN1b 
based on the location of the involved nodes in PTC. If involve-
ment of neck level VI LN is identified without lateral neck LN 
involvement, pN stage is defined as pN1a. In a previous study, 
PTC with pN1a showed worse prognosis compared with pN0, 
regardless of pT stage.5 However, because higher rate of neck 
level VI LN metastasis is well known, stratification of pN1a may 
be needed for predicting the detailed prognosis of patients with 

Study

Statistics for each study

Hazard ratio and 95% CIHazard 
ratio

Lower 
limit

Upper 
limit

p-value

Chang YW 2016 3.047 1.182 7.851 .021
Lee CW 2015 2.160 0.908 5.139 .082
Lee SG 2016 23.500 9.245 59.736 .000
Lee YM 2016 4.297 2.251 8.205 .000
Park YM 2016 3.370 1.379 8.238 .008
Ryu IS 2014 8.215 3.421 19.729 .000
Schneider DF 2013 4.330 1.679 11.170 .002
Zheng CM 2018 11.978 3.527 40.680 .000

5.408 3.189 9.170 .000

  0.1     0.2        0.5       1        2           5       10

              Favours A                 Favours B

Study

Statistics for each study

Hazard ratio and 95% CIHazard 
ratio

Lower 
limit

Upper 
limit

p-value

Lee SG 2016 10.034 6.016 16.736 .000
Chang YW 2016 3.047 1.182 7.851 .021
Park YM 2016 3.022 1.377 6.632 .006
Ryu IS 2014 9.679 4.385 21.367 .000
Zheng CM 2018 6.978 2.578 18.890 .000

6.020 3.483 10.404 .000

  0.1     0.2        0.5       1        2           5       10

              Favours A                 Favours B

A

B

Fig. 3.  Forest plot diagram for the correlation between high metastatic lymph node ratio and disease-free survival at the 5-year (A) and 10-
year (B) follow-up.8,10-12,14,16,17,26 CI, confidence interval.
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nodal disease. Various parameters, such as numbers of examined 
and mLNs, mLN size, metastatic foci size within mLNs, extra-
capsular spread, and mLNR, have been introduced.2,6 However, 
the prognostic role of various parameters has not been fully un-
derstood. In addition, the detailed criteria for evaluation of various 
parameters are neither elucidated nor introduced in the eighth 
AJCC staging.6

The introduction of mLNR is included in the eighth AJCC 
staging for various malignant tumors, but application of pN stage 
has not been implemented.6 Although the number of reports 
on the prognostic role of mLNR in various malignant tumors is 
increasing,9,13,15,18-21 conclusive information regarding the mLNR 
in PTCs is not available. The definition of mLNR is the ratio of 
number of mLNs to number of examined LNs. Therefore, the 
number of examined LNs can affect the mLNR. In colon cancer, 
positive LNs were increased based on harvested LNs.30 In addi-
tion, to evaluate the prognostic role of mLNR, the minimal num-
ber of examined LNs is required. However, the pertinent cut-off 
values for examined LNs have not been fully evaluated in PTC. 
In the eighth AJCC staging, the criteria for examined or mLN 
numbers has not been determined when evaluating pN stage. 

In a previous study, the pathological characteristics of primary 
tumor showed an effect on LN metastasis.29 However, in the pres-
ent study, high mLNR was not significantly correlated with char-
acteristics of the primary tumor. To date, the correlations between 
mLNR and pathological features of examined and mLNs have 
not been fully understood. The present study showed that high 
mLNR significantly correlated with macrometastasis (> 0.2 
cm), extracapsular spread, and largest LN size. However, significant 
correlation between high mLNR and largest or mean mLN size 
was not observed. On preoperative ultrasonography, several fea-
tures such as node size, hyperechogenicity, echogenicity of hilum, 
calcification, and intranodal cystic necrosis, indicated suspicion 
of metastasis.29 These are not absolute criteria because LNs detected 
on preoperative ultrasonography might not match postoperative 
pathological examinations.31 Therefore, the prediction of mLNR 
is preoperatively difficult before pathologic examination. 

In a previous study using the Surveillance, Epidemiology, and 
End Results (SEER) Registry Data, high mLNR was not signifi-
cantly correlated with worse overall survival (HR, 0.95; 95% CI, 
0.58 to 1.57).32 However, because this report may have included 
PTCs with lateral neck LN metastasis, the prognostic role of 
mLNR in PTC with pN1a disease cannot be evaluated. To date, 
the prognostic role of high mLNR in PTC with pN1a disease 
has not been fully investigated due to higher incidence and rel-
atively better prognosis of pN1a disease in patients with PTC. 

In addition, usefulness of prognostic stratification in pN1a disease 
is unclear. In the current meta-analysis, high mLNR significantly 
correlated with worse disease-free survival. Based on our results, 
the prognostic stratification of pN1a is possible. Compared to 
other pathological parameters, mLNR is advantageous due to 
its simplicity and objectivity and lack of interobserver difference. 
In a previous study, the prognosis was different between patients 
with pN1a and pN0 disease.5 However, prognosis may be con-
troversial based on the follow-up period. Our results showed that, 
regardless of follow-up period, mLNR was a predictor of worse 
prognosis in PTC with pN1a disease.

Eligible studies used various high mLNR cut-off values ranging 
from 0.22 to 0.65. In the current meta-analysis, subgroup analysis 
showed that high (≥ 0.44) and low mLNR cut-off (< 0.44) sub-
groups showed a correlation between high mLNR and worse 
disease-free survival at the 5-year and 10-year follow-up. Among 
eligible studies in the low mLNR cut-off subgroup (< 0.44), Lee 
et al.10 showed no significant correlation between high mLNR 
and worse disease-free survival at 5-year follow-up, regardless of 
higher HR (> 1.0). In the current meta-analysis, the optimal cut-
off value could not be determined due to similar results obtained 
in the high and low mLNR cut-off subgroups. Additional studies 
are necessary to define the optimal cut-off value; however, the 
prognostic role of mLNR in PTC with pN1a disease was demon-
strated, regardless of mLNR cut-off value. 

In conclusion, our results showed that high mLNR signifi-
cantly correlated with macrometastasis and extracapsular spread 
of mLNs. In addition, a significant correlation between high 
mLNR and worse disease-free survival was found in meta-analysis. 
Therefore, in situations with simplified pN stage, mLNR may 
be important for prediction and stratification of the prognosis of 
patients with nodal disease. Further cumulative studies for the op-
timal high mLNR cut-off value and the minimal number of exam-
ined LNs required are needed before application in daily practice.
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Bile Granuloma Mimicking Peritoneal Seeding: A Case Report
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Laparoscopic cholecystectomy is a widely used treatment method for most cholelithiasis and is a 
relatively safe procedure. Foreign body granulomatous reaction to bile or gallstone spillage during 
laparoscopic cholecystectomy has rarely been reported. We report a case of bile granuloma after 
laparoscopic cholecystectomy, which mimicked peritoneal seeding. A 59-year-old Korean man 
presented with right upper quadrant pain. He underwent laparoscopic cholecystectomy for acute 
cholecystitis with cholelithiasis. Pathologic examination revealed an incidental adenocarcinoma 
invading the lamina propria with acute cholecystitis and cholelithiasis. After 3 months, follow-up 
abdominal computed tomography revealed a subhepatic nodule, which showed hypermetabo-
lism on positron emission tomography–computed tomography. Suspecting localized peritoneal 
seeding, wedge resection of the liver, wedge resection of the transverse colon, and omentectomy 
were performed. Pathologic examination of the resected specimens revealed multiple bile granu-
lomas. Awareness of bile granuloma mimicking malignancy is noteworthy for patient manage-
ment to reduce unnecessary procedure during postoperative surveillance.
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▒ CASE STUDY ▒

Laparoscopic cholecystectomy is a widely used treatment 
method for acute cholecystitis that has many advantages over 
open cholecystectomy.1 Complications following laparoscopic 
cholecystectomy are relatively insignificant; however, bile or 
gallstone spillage during laparoscopic cholecystectomy is not 
infrequent, occurring in 10% to 40% of cases.2 In most cases, 
they generally have no detrimental consequences, but might lead 
to peritoneal granulomatous inflammation.3-6 The differential 
diagnoses include various infectious and noninfectious causes of 
peritoneal granuloma and may clinically result in misdiagnosis 
as malignancy.4 Here, we report a case of bile granuloma that 
mimicked peritoneal seeding following laparoscopic cholecys-
tectomy.

CASE REPORT

A 59-year-old Korean man presented with right upper quadrant 
pain for 3 days. He had no previous medical history. Physical 
examination was unremarkable except for right upper quadrant 
tenderness. C-reactive protein level was 15.89 mg/dL (normal 
< 0.5 mg/dL). Total bilirubin (1.42 mg/dL; normal, < 1.2 mg/
dL) and direct bilirubin (1.18 mg/dL; normal, < 0.4 mg/dL) 

were slightly increased. Other laboratory findings, including car-
cinoembryonic antigen (CEA), CA19-9, liver enzyme, and kidney 
function test results, were within normal ranges. Abdominal 
computed tomography (CT) revealed a markedly distended gall-
bladder and a 32-mm polypoid mass in the neck of the gallbladder, 
suggesting acute calculous cholecystitis or gallbladder cancer. 
The patient underwent laparoscopic cholecystectomy. During 
surgery, gallbladder aspiration was performed due to distension. 
There was no perforation during gallbladder bed dissection with 
no gross bile contamination of the peritoneum or any conspicuous 
bile leakage. Gross examination revealed a 2.8 × 1.6 cm polypoid 
mass with several black stones up to 0.9 cm without perforation. 
Microscopic findings of the gallbladder showed adenocarcinoma 
and acute cholecystitis. The adenocarcinoma was limited to the 
polyp and invaded the lamina propria without lymphovascular 
invasion, perineural invasion, or involvement of the resection 
margin.

After 3 months, he had no clinical symptoms, such as abdominal 
pain or discomfort. Follow-up abdominal CT revealed an ill-defined 
mass lesion in the right subhepatic space, which showed hyper-
metabolism on positron emission tomography–computed to-
mography (PET-CT) (Fig. 1). Follow-up tumor markers were 
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within the normal range. Suspecting localized peritoneal seeding, 
exploratory laparotomy was performed. It revealed adhesion 
between the liver, omentum, transverse colon, and peritoneum. 
There were seeding mass-like lesions in the gallbladder bed and 
adhesion sites. Wedge resection of the liver, wedge resection of 
the transverse colon, and omentectomy were done. Gross finding 
of the resected specimens showed ill-defined yellow to brownish 
nodular lesions up to 1.1 × 1.0 cm in the liver and transverse 
colon without necrosis (Fig. 2). Microscopic findings of the liver, 
transverse colon, and omentum showed brown pigments and 
foreign-body type multinucleated giant cells with numerous 
lymphocytes, suggesting the diagnosis of granulomatous inflam-
mation (Fig. 3). The brown pigment was compatible with bile 

pigment and was greenish brown on Fouchet’s staining. There 
was no evidence of malignant tumor cells, and stone and crystal 
deposits were not present. He had no complication or recurrence 
for 9 months after surgery. This study was approved by the Insti-
tutional Review Board of Keimyung University Dongsan Medical 
Center (IRB No. 2018-03-052) and informed consent was waived.

DISCUSSION

Although laparoscopic cholecystectomy has many advantages 
over standard open cholecystectomy, several intraoperative com-
plications of laparoscopic cholecystectomy should be noted. Com-
mon complications are iatrogenic perforation of the gallbladder, 

A B

A B

Fig. 2 . Gross finding of the specimens showed ill-defined yellow to brownish, variegated, nodular lesions (arrows) without necrosis in the liver 
(A) and the transverse colon (B).

Fig. 1. Findings of abdominal computed tomography (CT) (A) and positron emission tomography–computed tomography (PET-CT) (B). Ab-
dominal CT showed ill-defined mass lesions (arrow) in the right subhepatic space near the gallbladder bed. PET-CT demonstrated a focal hy-
permetabolic lesion (arrow) in the right subhepatic space.



http://jpatholtm.org/https://doi.org/10.4132/jptm.2018.06.02

Bile Granuloma  •     341

bleeding of the tissues near the gallbladder, and gallstone spillage 
into the peritoneal cavity.6 Bile or gallstone spillage during lap-
aroscopic cholecystectomy is not infrequent, occurring in 10% to 
40% of cases.2,7 Gallbladder aspiration is a technique to reduce 
the possibility of unintentional perforation during dissection by 
decreasing the gallbladder volume. It is controversial whether 
gallbladder aspiration has the effect of reducing operative time or 
decreasing the risk of perforation.8-10 In our patient, gallbladder 
aspiration was performed to reduce the volume. If there was no 
perforation or grossly obvious bile leakage during gallbladder 
bed dissection, a possibility of bile leakage through the aspiration 
site may be considered. Occurrence of gallstone spillage complica-
tions can range from a few days to several years.11 Early complica-
tion of bile or stone spillage is peritonitis with acute symptoms. 
Acute symptoms may not occur if bile leakage is mild, or if the 
surgeon executes immediate irrigation or stone removal. If bile 
or stone spillage is not accompanied by acute symptoms, it is a 
silent event without detrimental sequelae.5 However, abscess for-
mation and fistula formation are medium- to long-term compli-
cations.12 Patients with gallstone spillage may be asymptomatic 
until complications develop. In our patient, if there was no follow-

up abdominal CT, he might not have known about the presence 
of bile granuloma because he had no symptoms.

Foreign body reaction to bile or gallstone spillage during lap-
aroscopic cholecystectomy as the cause of intraperitoneal granu-
lomas has been rarely reported.2,3,5,7,12,13 Foreign-body granulomas 
are generally asymptomatic.14 Given that most patients do not 
undergo follow-up abdominal imaging study after laparoscopic 
cholecystectomy, they may not know about granulomas if they 
are asymptomatic. Most cases were found during cesarean section 
or gynecological surgery.3,5,13 Here, we describe a case of multiple 
bile granulomas with clinical suspicion of peritoneal seeding after 
laparoscopic cholecystectomy. To our knowledge, three cases sim-
ilar to our case have been reported. In the first case, a 37-year-old 
woman who underwent cholecystectomy due to perforated gall-
bladder showed multiple bile granulomas that mimicked dis-
seminated malignancy during cesarean section.5 In the second 
case, a 59-year-old man presented with foreign body granuloma 
due to spilled gallstones after laparoscopic cholecystectomy that 
mimicked a retroperitoneal sarcoma.2 In the third case, a 29-year-
old woman who underwent laparoscopic cholecystectomy with 
stone spillage during procedure showed several hard nodules in 

A

C

B

D

Fig. 3. Microscopic findings of the lesion. The liver (A) and transverse colon (B) showed granulomatous inflammation, which consists of brown 
pigments and multinucleated giant cells with numerous lymphocytes (C). The pigment was greenish brown on Fouchet’s technique (D).



http://jpatholtm.org/ https://doi.org/10.4132/jptm.2018.06.02

342     •  Jeong H, et al.

omentum that mimicked metastases from unknown primary 
tumor during cesarean section.13

18-Fluoro-2-deoxyglucose (FDG) is well known to accumulate 
in inflammatory cells, including neutrophils, lymphocytes, and 
macrophages due to elevated glucose requirements in various 
inflammatory conditions.15 Therefore, PET-CT may show false-
positive FDG uptake in several benign conditions, including 
granulomatous disease. Furthermore, foreign body granulomas 
have been reported to masquerade as malignant tumors.16,17 In 
our case, an increased FDG uptake of the ill-defined mass lesion in 
the right subhepatic space was mistaken for localized peritoneal 
seeding.

The current case emphasizes four significant features. Granuloma 
due to spilled bile or gallstone is a rare complication following 
laparoscopic cholecystectomy and should be considered in a pa-
tient presenting with a peritoneal mass after laparoscopic chole-
cystectomy. Secondly, the aspiration itself may cause bile leakage 
without obvious perforation. Thirdly, the surgeon should make 
a note in the patient's medical record after laparoscopic cholecys-
tectomy whether the gallbladder had been perforated and whether 
there had been any bile or stone leakage during the procedure 
for future reference. Finally, a biopsy or diagnostic laparoscopy 
with frozen section of the peritoneal nodule is preferred over open 
exploratory laparotomy in questionable cases.

In summary, bile leakage during laparoscopic cholecystectomy 
could lead to bile granuloma mimicking peritoneal seeding. This 
reminds the importance of caution when removing the gall-
bladder in case of acute calculous cholecystitis. In addition, the 
possibility of bile granuloma should be considered in patients 
with gallbladder cancer during follow-up after surgery. 
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Ovarian Gynandroblastoma with a Juvenile Granulosa Cell Tumor 
Component in a Postmenopausal Woman: A Case Report and 

Literature Review
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Gynandroblastoma is an extremely rare sex cord-stromal tumor with both female (granulosa cell 
tumor) and male (Sertoli-Leydig cell tumor) elements. Juvenile granulosa cell tumors are also very 
rare and are so named because they usually occur in children and adolescents. A 71-year-old 
woman with right upper quadrant abdominal pain visited our hospital. Pelvic computed tomography 
showed a large multilocular cystic mass, suspected to be of ovarian origin. We performed a total 
abdominal hysterectomy (total abdominal hysterectomy was performed) with bilateral salpingo-
oophorectomy. A 13-cm multilocular cystic mass with serous fluid was observed in her right ovary. 
Upon microscopic examination, the solid component of the mass showed both Sertoli-Leydig 
cell and juvenile granulosa cell differentiation, which we diagnosed as gynandroblastoma. Gynan-
droblastoma with a juvenile granulosa cell tumor component is extremely rare and, until now, only 
six cases have been reported in the English literature. We report the first gynandroblastoma with 
a juvenile granulosa cell tumor component diagnosed in an elderly patient, along with a literature 
review.

Key Words: Ovarian gynandroblastoma; Juvenile granulosa cell tumor; Ovary; Postmenopause

Received: May 15, 2018
Revised: June 25, 2018
Accepted: June 28, 2018

Corresponding Author
Min Hye Jang, MD, PhD
Department of Pathology, Yeungnam University 
School of Medicine, 170 Hyeonchung-ro, Nam-gu, 
Daegu 42415, Korea
Tel: +82-53-640-6753
Fax: +82-53-622-8432
E-mail: clodious@naver.com

Journal of Pathology and Translational Medicine 2018; 52: 344-348
https://doi.org/10.4132/jptm.2018.06.28

▒ CASE STUDY ▒

Gynandroblastoma is a rare ovarian tumor that manifests 
with a combination of two histological elements: granulosa cell 
tumor (GCT) and Sertoli-Leydig cell tumor (SLT) differentiation. 
Robert Meyer was the first to describe this type of tumor in 1930.1 
Since then, only 28 cases have been reported in the English liter-
ature.2,3 Gynandroblastoma usually consists of adult-type gran-
ulosa cells. Cases of juvenile GCT (JGCT) are rarer and have only 
been reported in women of reproductive age. Herein, we report 
the first case of ovarian gynandroblastoma with JGCT in an elderly 
patient. This study was approved by the Institutional Review 
Board of Yeungnam University Hospital with a waiver of informed 
consent (IRB No. YUMC 2018-04-019).

CASE REPORT

A 71-year-old woman (gravida 6, para 4) with acute abdominal 
pain in the right lower quadrant visited our hospital’s emergency 
room. Computed tomography revealed a large multiloculated 

cystic mass in the pelvic cavity (Fig. 1A). Subsequent ultrasonog-
raphy revealed a cystic mass of approximately 13 cm in the right 
ovary (Fig. 1B). The patient had no family history of genetic 
syndromes and no other underlying diseases. She experienced 
menarche at age 16 and menopause at age 53. She had no history 
of symptoms associated with endocrine manifestations, i.e., neither 
estrogenic nor androgenic changes, such as endometrial hyper-
plasia, abnormal endometrial bleeding, oligomenorrhea, infertility, 
or virilization.

Her preoperative serum carbohydrate antigen (CA) 19-9 
(19.48 U/mL) and CA125 (7.45 U/mL) levels were within normal 
ranges. Taking into consideration the preoperative diagnosis of 
torsion of the right ovarian tumor, the patient underwent total 
abdominal hysterectomy and bilateral salpingo-oophorectomy. 

On gross examination of the right ovary, a 13.0 × 7.5 × 6.5-cm 
multilocular ovarian cyst with a smooth and glistening surface 
was observed (Fig. 2A). The cyst was filled with serosanguinous 
fluid, and the inner surface had a mainly smooth appearance. In 
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the cystic lumen, a 3.7 × 1.8-cm solid yellowish mass was observed 
(Fig. 2B). There were no remarkable findings upon gross exam-
ination of the uterus, fallopian tubes, and left ovary. 

Microscopically, the ovarian tumor consisted of a JGCT (40%) 
and a well-differentiated SLT (60%) (Fig. 3A). The JGCT dis-
played nodular growth patterns with follicles of various shapes 
and sizes. The follicles contained basophilic secretions resembling 
mucin (Fig. 3B). Cytologically, the tumor cells of the JGCT 
were round and had indistinct cell borders with abundant eosin-
ophilic cytoplasm. The tumor cells’ nuclei were round-to-oval 
with open chromatin, but nuclear grooves were less prominent 
than usually observed in adult-type GCT. There was no striking 
nuclear atypia, and Call-Exner bodies were not identified. The SLT 
showed well-formed tubules of Sertoli cells and fibrous band-
like stroma with conspicuous Leydig cells (Fig. 3C). The Sertoli 
cells were cuboid-to-columnar with round nuclei and inconspic-
uous nucleoli. Nuclear atypia was absent. Leydig cells presented 

with abundant eosinophilic cytoplasm. Some tumor cells had 
foamy and vacuolated cytoplasm, but Reinke crystals were not 
prominent (inset of Fig. 3C).

Immunohistochemically, the tumor cells of both tumor compo-
nents were positive for calretinin and inhibin, and negative for 
epithelial membrane antigen (Fig. 3D–F). 

The patient had no post-surgical complications, and there 
was no evidence of recurrence or metastasis during two years of 
follow-up.

DISCUSSION

Gynandroblastoma is a subtype of ovarian sex cord-stromal 
tumor and is usually observed in young women. It is identified 
by its admixture of ovarian and testicular tissues or cells. The 
most important clinical manifestation is hormonal dysfunction. 
Because this tumor is hormonally active, patients afflicted with it 

A B

A B

Fig. 1. Pelvic computed tomography (CT) and ultrasonography findings. (A) Pelvic CT reveals a large multilocular cystic mass (arrow) with a 
solid component. (B) Ultrasonography shows a cystic mass (arrow) of approximately 13 cm arising from the right adnexa.

Fig. 2. Gross findings. (A) A 13.0 × 7.5 × 6.5-cm multilocular cystic and solid mass replaced the entire ovary. (B) The cysts were filled with se-
rosanguinous fluid and approximately 30% of the mass was solid, hard, and yellow.
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Fig. 3. Microscopic findings. (A) The tumor was composed of a Sertoli-Leydig cell tumor (SLT) and a juvenile granulosa cell tumor (JGCT). (B) 
The JGCT shows solid and nodular growth patterns with relatively uniform tumor cells. (C) Various sized follicles with mucin-like basophilic 
secretions are also frequently observed. (D) The tumor cells were rounded and had hyperchromatic nuclei without nuclear grooves, which 
are the characteristic features of adult granulosa cell tumors. (E) A well-differentiated SLT component is also identified. (F) Sertoli cells formed 
hollow tubules with delicate fibrous stroma. Small clusters of Leydig cells are observed in the fibrous stroma. (G, H) The immunohistochemi-
cal staining results confirms that the tumor was of sex cord-stromal origin. Both components stained positive for calretinin (G, left, SLT; right, 
JGCT) and inhibin (H, left, SLT; right, JGCT).  
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could present with either estrogenic or androgenic symptoms.4 
Gynandroblastoma with JGCT is very rare with only 6 of 28 gyn-
androblastoma cases reported in the English literature to date.2,3,5-8 
All reported cases occurred in premenopausal women between 
15 and 39 years old. Our case is the first gynandroblastoma with 
JGCT diagnosed in a 71-year-old postmenopausal elderly woman. 
Approximately 97% of JGCTs occur during the first three decades 
of life. Only a few known cases of JGCT occurred in women > 30 
years old; just two cases of JGCT as a component of gynandro-
blastoma have been reported in patients over the age of 30.2,7 
Thus, our case of gynandroblastoma with JGCT in a postmeno-
pausal woman is extremely unusual. However, the JGCT compo-
nent of our patient’s tumor showed typical histologic features, such 
as variously sized follicles that contained basophilic secretions. 

The tumor diagnosis was based on histologic features. The di-
agnostic criteria for gynandroblastoma indicate that the minor 
tumor component (either Sertoli-Leydig cells in a GCT, or gran-
ulosa cells in an SLT) should account for at least 10% of the entire 
tumor. Sometimes, well-differentiated Sertoli-Leydig cells can be 
focally observed in GCTs and vice versa. Therefore, sufficient 
tumor sampling is essential for an accurate diagnosis. Although 
most reported GCT cases are of the adult-type, a juvenile-type 
has also been identified. The histology of adult-type and juvenile-
type cells is the same for GCT; therefore, it is not difficult to di-
agnose these tumors. Several immunohistochemical markers exist 
to aid differential diagnosis, but these markers are used to diagnosis 
every type of ovarian sex cord-stromal tumor and they are not 
specific to gynandroblastoma. The representative sex cord-stromal 
cell markers include inhibin, calretinin, SF1, WT-1, and CD99.2 
MART-1/melan-A is a marker specific to SLT and steroid cell 
tumors.9 Additionally, the cell cycle regulatory protein 14-3-3 
sigma was recently identified as a diagnostic marker for GCT and 
steroid cell tumors.10 In our case, both JGCT and SLT components 
were positive for inhibin and calretinin. 

The histogenesis of gynandroblastoma is unknown, but it is 
generally assumed that it originates from a single progenitor 
cell that can differentiate into both female and male elements.11 
During embryogenesis, gonadal tissues develop from the meso-
derm of the urogenital ridge and the ridge organizes the endocri-
nologically active tissues of the gonad, which includes granulosa 
cells, Sertoli cells, theca cells, ovarian stromal cells, and Leydig 
cells.12 Gynandroblastoma and other sex cord-stromal tumors are 
considered to have their origin in the cells of the urogenital ridge. 

It is difficult to characterize the biological behavior of gynan-
droblastoma due to its extremely low incidence. Based on the 
reported cases, it appears to have a benign course. The majority 

of gynandroblastomas were stage I tumors and most patients 
with stage I gynandroblastoma were successfully treated by simple 
surgical resection with regular follow-up. Only one recurrence 
case has been reported, in which the tumor reportedly recurred 10 
years after the original tumor was surgically removed.4 Likewise, 
our patient had a stage I tumor without extra-ovarian involvement. 
Currently, 26-month postsurgery, the patient has not shown any 
clinical evidence of recurrence. Given the evidence from previous 
reports and our current case, gynandroblastoma has a relatively 
benign clinical course, and our patient appears to have had a 
low-grade tumor.

Recently, several genetic studies of ovarian sex cord-stromal tu-
mors focusing on cytogenetic alterations have been published.13 
The most widely studied genetic change is the FOXL2 mutation 
C134W (402 C > G) found in GCTs.14 FOXL2 is a transcrip-
tion factor that is restrictedly expressed in granulosa cells during 
development and adulthood.15 This mutation is widely observed in 
adult type-GCT and can be a diagnostic or prognostic marker.15-17 
Approximately 30% of JGCT tumors harbor the gsp oncogene 
and 60% contain the AKT1 gene mutation.18,19 These biological 
markers have the potential to be of therapeutic value. Regarding 
SLT, somatic or germline mutations of DICER1, which encodes an 
RNase III endonuclease, are well-known genetic alterations.13 
Somatic hot spot mutations of DICER1 have been observed in 
approximately 60% of SLTs.20 These frequent genetic changes of 
sex-cord stromal tumors had been understudied with regard 
gynandroblastoma. Oparka et al.11 evaluated the C134W (402 
C > G) FOXL2 mutation, a frequently observed mutation in 
adult-type GCT, in seven gynandroblastomas. This mutation 
was not detected in any GCT or SLT component of gynandro-
blastoma cases. However, other researchers observed FOXL2 
mutations in both GCT and SLT components of two gynandro-
blastomas and DICER1 mutations were also observed in a few 
cases.13 The therapeutic or diagnostic value of these mutations 
for gynandroblastoma should be studied. 

In conclusion, gynandroblastoma is an ovarian sex cord-stromal 
tumor with both male and female elements. Gynandroblastoma 
with JCGT is very rare and it typically occurs in women of repro-
ductive age. However, it can also occur in postmenopausal 
women. The pathogenesis and biologic behavior of gynandro-
blastoma are still not well known. However, based on the limited 
number of previous studies, this tumor shares many clinicopath-
ologic characteristics with other sex-cord stromal tumors, including 
GCT and SLT. More comprehensive histologic and genetic studies 
are needed.
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Abrupt Dyskeratotic and Squamoid Cells in Poorly Differentiated 
Carcinoma: Case Study of Two Thoracic NUT Midline Carcinomas 

with Cytohistologic Correlation
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Cytologic diagnosis of nuclear protein in testis (NUT) midline carcinoma (NMC) is important due 
to its aggressive behavior and miserable prognosis. Early diagnosis of NMC can facilitate proper 
management, and here we report two rare cases of thoracic NMC with cytohistologic correlation. 
In aspiration cytology, the tumor presented with mixed cohesive clusters and dispersed single 
cells, diffuse background necrosis and many neutrophils. Most of the tumor cells had scanty 
cytoplasm and medium-sized irregular nuclei, which had fine to granular nuclear chromatin. Inter-
estingly, a few dyskeratotic cells or squamoid cell clusters were present in each case. Biopsy 
specimen histology revealed more frequent squamous differentiation, and additional immunohis-
tochemistry tests showed nuclear expression of NUT. Because this tumor has a notorious pro-
gression and has been previously underestimated in terms of its prevalence, awareness of charac-
teristic findings and proper ancillary tests should be considered in all suspicious cases.
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▒ CASE STUDY ▒

Nuclear protein in testis (NUT) midline carcinoma (NMC) is 
one of the arduous differential diagnoses with histologic features 
of poorly differentiated or undifferentiated carcinoma.1,2 Fluo-
rescence in situ hybridization (FISH) and a specific antibody to 
identify gene rearrangement allow rapid diagnosis of NMC.3 
However, delays in diagnosis without any suspicion of NMC 
can affect proper management and survival due to the extremely 
aggressive behavior and dismal prognosis for this cancer.1 Previous 
studies of cytologic findings in NMC are limited because of its 
rarity; herein, we present two interesting cases of NMC arising 
in the lung with cytohistologic findings. The Institutional Review 
Board (IRB) of Samsung Medical Center approved this case report 
(IRB file No. 2017-09-050) and informed consent was waived.

CASE REPORT

Case 1

A 45-year-old male presented with a 3-month history of 

cough. Chest X-ray and computed tomography (CT) showed a 
3.8-cm-sized mass in the right lower lobe and multiple enlarged 
mediastinal lymph nodes (Fig. 1A–C) in which 18F-fluorodeox-
yglucose uptake was detected (Fig. 1D). For diagnosis and nod-
al staging, endobronchial ultrasound-guided transbronchial 
needle aspiration (EBUS-TBNA) and biopsy were performed. 
Aspirates from both lymph nodes and lung mass were highly 
cellular. Some tumor cells were cohesive enough to form 3-dimen-
sional clusters, but others were dispersed in single cells (Fig. 
1E). Frequent crush artifacts and naked nuclei were easily iden-
tified. Tumor cells were poorly to undifferentiated with scanty 
cytoplasm and irregular nuclear contour. Nuclear chromatin 
was fine to granular and nucleoli were small but occasionally 
identified (Fig. 1F). Unexpectedly, a few scattered dyskeratotic 
cells were noticed (Fig. 1E, F). Many neutrophils and necrosis 
were present in the background (Fig. 1F). Biopsy of mediastinal 
lymph nodes showed sheets of metastatic undifferentiated tumor 
cells with large area of necrosis and peritumoral neutrophilic 
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Fig. 1. Thoracic nuclear protein in testis (NUT) midline carcinoma and cytohistologic findings. (A–H) Case 1. (A–D) Chest radiograph and com-
puted tomography (CT) shows 3.8-cm-sized mass in the right lower lobe with multiple enlarged lymph nodes (arrows). Positron emission to-
mography (PET) reveals 18F-fluorodeoxyglucose uptake of the mass and lymph nodes. (E) Mediastinal lymph node aspiration smears are highly 
cellular with cohesive clusters and dispersed single cells. Scattered dyskeratotic cells and squamous differentiations are noticed (arrows). (F) 
Tumor cells have scanty cytoplasm, nuclear molding, irregular nuclear contours, and fine to granular nuclear chromatin. Nucleoli are small but 
occasionally identified. A few dyskeratotic cells are also identified. Background of the smear shows many neutrophils and necrosis. (G, H) Biopsy 
of a mediastinal lymph node shows monotonous tumor cells and hyperchromatic nuclei. Nuclei have fine to granular chromatin and the occa-
sional small nucleolus, and the cytoplasm is scant and delicately amphophilic. Foci of squamous differentiation are more often identified than 
in cytology. (I–R) Case 2. (I–L) Chest and abdomen CT show a 5.5-cm-sized mass (white arrow) in the left lower lobe, and multiple metastases 
in both a lobe of the liver (arrowheads) and the adrenal glands (black arrow). PET highlights multiple hypermetabolic lesions in the whole 
spine, ribs, pelvic bone and scapulae, in addition to the lung and liver masses. (M–P) In aspiration cytology of a mediastinal lymph node, 
some tumor cells are medium-sized and poorly differentiated with scanty cytoplasm and hyperchromatic nuclei. However, others have more 
abundant amphophilic to eosinophilic cytoplasm and a lower nuclear to cytoplasmic ratio, which can be considered squamous differentiation. 
(Q, R) Histology of a mediastinal lymph node shows two different tumor cell components with extensive necrosis, poorly differentiated cells 
and squamous cells, which are similar to the findings of aspiration cytology. (S–V) Immunohistochemistry shows nuclear expression of NUT 
in case 1 (S) and case 2 (U). Tumor cells are positive for p63 (T, case 1) and there is a variable proliferation index of Ki-67 (V, case 2).
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infiltration (Fig. 1G). Tumor cells had scant and delicate ampho-
philic cytoplasm. Nuclear chromatin and contour were similar 
to the findings of aspirate smears. Foci of abrupt squamous dif-
ferentiation were identified more often than in cytology (Fig. 
1H). Under additional immunohistochemistry (IHC) staining, 
these tumor cells showed a very high proliferation index of up 
to 70% in Ki-67 (1:200, Dako, Glostrup, Denmark) and were 
positive for pan-cytokeratin (1:500, Dako), p53 (1:4,000, Thermo 
Fisher, Rockford, IL, USA), p63 (1:200, Biocare, Concord, CA, 
USA), and NUT (1:100, C52B1, Cell Signaling Technology, 
Danvers, MA, USA), and up to 70% of tumor cells expressed 
programmed death-ligand 1 (PD-L1; RTU, 22C3, Dako) (Fig. 
1S, T). Tumor cells were negative for Oct3/4 (1:50, Santa Cruz 
Biotechnology, Dallas, TX, USA), chromogranin (1:400, 
Dako), CD99 (1:50, Dako), CD45 (1:1000, Dako), CD56 
(1:200, Leica Biosystems, Novocastra, Newcastle upon Tyne, 
UK), and thyroid transcription factor 1 (TTF-1; 1:50, Dako), 
which can help rule out the possibilities of other malignancies. 

Case 2

A previously healthy 32-year-old male presented with a persis-
tent cough for 3 months, blood-tinged sputum and chest pain. 
On chest CT, a 5.5-cm-sized consolidative lung mass accompanied 
by enlarged mediastinal lymph nodes was identified at the left 
lower lobe (Fig. 1I, J). Abdomen-pelvis CT showed multiple 
necrotic masses scattered throughout both lobes of the liver and 
bilateral adrenal glands (Fig. 1K), and positron emission tomog-
raphy highlighted multiple hypermetabolic bony lesions in the 
whole spine, bilateral ribs, pelvic bones, sternum and both scap-
ulae (Fig. 1L). Cytology of lymph node aspirates from EBUS-
TBNA showed dispersed and clustered tumor cells in the back-
ground of necrosis (Fig. 1M). Some tumor cells had large vesicular 
nuclei with open chromatin, prominent nucleoli, scanty cyto-
plasm and a high nuclear to cytoplasmic (N/C) ratio. Naked 
nuclei were frequently identified in scattered individual cells. 
However, others exhibited more abundant amphophilic to eosin-
ophilic cytoplasm and granular nuclear chromatin with a lower 
N/C ratio, which could be considered squamous differentiation 
(Fig. 1N–P). Biopsy of the mediastinal lymph nodes and liver 
showed metastatic carcinoma in a necrotic background com-
posed of two morphologically different tumor cell components: 
poorly differentiated cells with hyperchromatic nuclei and 
scanty cytoplasm, and squamoid cells with less hyperchromatic 
nuclei, prominent nucleoli and ample cytoplasm (Fig. 1Q, R). 
By IHC, tumor cells were positive for p63, p53, and NUT, 
negative for TTF-1 and CD56, and had a relatively low Ki-67 

proliferation index of approximately 25% (Fig. 1U, V). PD-L1 
IHC test revealed low expression of about 1% of the tumor.

DISCUSSION

Diagnosis of NMC in cytology is challenging. Cytologic 
findings are characterized by high cellularity with medium-sized 
poorly to undifferentiated cells. Cohesiveness of these tumor cells 
is variable2 and while clusters of tumor cells are usually pattern-
less, some can be arranged in a pseudoglandular pattern in focal 
areas.4 Round to oval nuclei have irregular contours, but their size 
is relatively uniform and monotonous rather than pleomorphic. 
Nuclear chromatin is not coarse or condensed but fine to granular 
and vesicular. Nucleoli are usually single, small and prominent.5 
Scant cytoplasm is amphophilic to eosinophilic and nuclear mold-
ing is frequent. The absence of cytoplasm makes nuclei naked 
and squeezing artifacts are common, especially in smears rather 
than liquid-based preparations. Mitosis is frequent, but atypical 
mitosis is rare. Necrotic debris, apoptotic bodies and nuclear 
dust with many neutrophils fill the background of the tumor cells. 
Previous reports have described difficulty in finding squamous 
differentiation in cytology specimens,2,5 but tumor cell clusters 
with a squamoid appearance or a few dyskeratotic cells were easily 
noticed in our cases. This finding can be variable, from subtle 
to very distinct with obvious keratinization.

The cytogenetic rearrangement of this tumor is unique and 
characteristic. Two-thirds of such tumors have chromosomal 
translocation t(15;19), which forms the BRD4-NUT fusion onco-
gene, and subsets have BRD3-NUT and other NUT-variant 
rearrangement.1 In recent studies, knockdown of BRD-NUT 
induces rapid squamous differentiation with a halt in proliferation 
in patient-derived NMC cells.6,7 This result strongly suggests 
the role of BRD-NUT as a fusion protein that blocks differenti-
ation, and is compatible with its characteristic cytologic and his-
tologic findings. The tumor histology is usually made of sheets 
of undifferentiated cells. Nuclear size and shape, chromatin pattern, 
nucleoli and cytoplasm are similar to the cytology findings. Fre-
quent areas of necrosis are common, and diffuse infiltrations of 
neutrophils among tumor cells are easily identified. Despite the 
simple and uniform chromosomal abnormality, some tumor cells 
might be out of influence from the cytogenetic alteration. Accord-
ingly, there may be focal areas of abrupt squamous differentiation 
that are more commonly identified than in cytology specimens.

Differential diagnosis of NMC in cytology includes small cell 
carcinoma (SCC), basaloid squamous cell carcinoma (BSqCC), 
and small cell variant of squamous cell carcinoma (SCVSqCC). 
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The cytology of SCC shows predominantly single cells, but has 
some cell clustering with nuclear molding exhibiting fine, open 
chromatin, and was inconspicuous to small nucleoli.8,9 Scant 
cytoplasm, artifactually crushed and naked nuclei, and back-
ground necrosis are common, and all of these findings mimic 
NMC. However, keratinized squamous cells are rare, even if some 
aspirate smears have bronchial epithelial cells with squamous 
metaplasia. 

BSqCC and SCVSqCC are more problematic diagnoses because 
both have small cells with some dyskeratosis and squamous dif-
ferentiation. The cytology of BSqCC has small to medium-sized 
nuclei with fine chromatin, small to inconspicuous nucleoli, scant 
cytoplasm and nuclear molding with necrosis.9 SCVSqCC shows 
similar small cells but slightly more abundant, bluish cytoplasm, 
with vesicular nuclei and prominent nucleoli.10 Both basaloid 
and SCVSqCC have areas of necrosis, squamous differentiation and 
dyskeratosis, which is often noticed in NMC but usually composed 
of predominantly cohesive cell clusters rather than dispersed single 
cells.9 It is important to note that all these tumors have similar 
cytologic findings and aggressive behaviors but require different 
management.

In IHC, NMC tumor cells are positive for pan-cytokeratin, 
p53, p63 and NUT, and usually have a high but variable prolif-
eration index by Ki-67. It is hard to differentiate NMC from 
possible mimickers without diagnostic markers, which are not 
routinely screened. If the cytomorphology is suspicious for NMC, 
a FISH assay and IHC test should be performed in all cases due 
to the underestimation of its prevalence.1 A previous study exam-
ined NUT IHC expression using a monoclonal antibody in 114 
cases of poorly differentiated carcinoma or unclassified malignan-
cy in the mediastinum, and 3.5% of cases showed nuclear expres-
sion with a median age of 50.11 Further studies are warranted in 
other anatomic sites, regardless of age.

Currently, conventional cytotoxic chemotherapy and radiation 
therapy are not effective in treating NMC. Unlike other usual 
carcinomas, this tumor has a typical chromosomal alteration and 
genetic stability. Novel targeted therapy using histone deacety-
lase inhibitors and BET inhibitors has been developed lately 
based on the idea that BRD-NUT fusion proteins specifically bind 
to acetylated histones.1 These drugs are now in several clinical trials 
(ClinicalTrials.gov identifiers: NCT01587703, NCT01987362, 
NCT02711137, and NCT02307240). Not only doctors, but also 
patients, continue to struggle with NMC at this moment. To 
treat this disease properly, all pathologists should pay attention 
to this underestimated entity.
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