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Background: Developing predictive markers for hepatocellular carcinoma (HCC) is important, be-
cause many patients experience recurrence and metastasis. Epithelial to mesenchymal transition
(EMT) is a developmental process that plays an important role during embryogenesis and also
during cancer metastasis. Paired-related homeobox protein 1 (Prrx-1) is an EMT inducer that has
recently been introduced, and its prognostic significance in HCC is largely unknown. Methods:
Tissue microarray was constructed using surgically resected primary HCCs from 244 cases. Im-
munohistochemical staining of E-cadherin and Prrx-1 was performed. The correlation between E-
cadherin loss and Prrx-1 expression, as well as other clinicopathologic factors, was evaluated.
Results: E-cadherin expression was decreased in 96 cases (39.4%). Loss of E-cadherin correlat-
ed with a higher recurrence rate (p <.001) but was not correlated with patient’s survival. Thirty-
two cases (13.3%) showed at least focal nuclear Prrx-1 immunoreactivity while all non-neoplastic
livers (n=22) were negative. Prrx-1 expression was not associated with E-cadherin loss, survival
or recurrence rates, pathologic factors, or the Ki-67 labeling index. Twenty tumors that were posi-
tive for E-cadherin and Prrx-1 had significantly higher nuclear grades than the rest of the cohort (p
=.037). In Cox proportional hazard models, E-cadherin loss and large vessel invasion were inde-
pendent prognostic factors for shorter disease-free survival. Cirrhosis and high Ki-67 index (>
40%) were independent prognostic factors for shorter overall survival. Conclusions: Prrx-1 was
expressed in small portions of HCCs but not in normal livers. Additional studies with a large num-
ber of Prrx-1-positive cases are required to confirm the results of this study.

Key Words: Liver; Neoplasms; Epithelial-mesenchymal transition; Prrx-1 protein

Hepatocellular carcinoma (HCC) is one of the most lethal
and relatively prevalent cancers worldwide, as well as in Korea.
The Korean National Cancer Information Center estimates that
over 2.2 per hundred thousand persons were killed by HCC in
2013, which is the second most common cause of death by can-
cer in Korea.! Although surgical resection is effective in cases of
the incipient disease, even in early stages, a considerable num-
ber of patients experience recurrence and metastasis leading to a
poor prognosis.” Therefore, it is important to develop markers
that indicate poor prognosis, and to provide stratified follow-up
guidelines for clinicians.

Epithelial tumor metastasis can be described by a develop-
mental program called epithelial to mesenchymal transition
(EMT), which plays crucial roles in embryonic development, in-
cluding mesoderm formation and migration of neural crest cells.’
During metastasis, the tumor cells lose their epithelial property,
gain migratory activity, disseminate through the blood stream,
and finally, establish metastatic foci in distant organs.’

pISSN 2383-7837
elSSN 2383-7845

Paired-related homeobox protein 1 (Prrx-1; PRX-1) is a tran-
scription factor that has recently been found to induce EMT in
embryogenesis, as well as in several cancers, including breast,
pancreas, colon, and thyroid cancer.*” However, it has been in-
consistently reported on whether its upregulation or downregu-
lation is associated with poor prognosis. In colorectal and thy-
roid cancers, overexpression of Prrx-1 was associated with poor
prognosis or worse histologic type."” In comparison, in breast
cancers and HCCs, downregulation of Prrx-1 was associated
with poor prognosis.”

In this study, we used tissue microarray (TMA) to determine
if the loss of E-cadherin is a prognostic marker for predicting
early recurrence and poor survival rate. We surgically obtained
244 cases of human HCC tissues in the Hanyang University
Medical Center, Seoul and Guri hospitals. We examined Prrx-1
expression in HCC using immunohistochemistry, and investi-
gated the relationship between its expression and loss of E-cad-
herin. We also worked to determine if expression of Prrx-1 could

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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be a prognostic marker to predict metastasis or poor survival
rate, because it induces EMT and its significance is currently
unknown. We also investigated the relationship between clini-
copathologic factors such as tumor size, vascular invasion, histo-
logic grade, and the Ki-67 index to explote the clinical signifi-
cances of E-cadherin and Prrx-1.

MATERIALS AND METHODS

Patients and specimens

A total of 244 patients who underwent surgical resection for
HCC from 1991 to 2013 at Hanyang University Medical Cen-
ter, Seoul and Guri hospitals were selected as subjects for this
study. Medical records were reviewed to identify baseline clini-
cal information, clinical course, underlying etiology, and liver
function status at the diagnosis. Histological review was per-
formed to determine stage, grade (Edmondson and Steiner’s

grading system), vascular invasion, size of tumor, and multiplici-
ty. This study was conducted under review of the Institutional
Review Board (IRB) of Hanyang University Guri Hospital (Code,
2015-11-012).

TMA, immunohistochemistry, and interpretation
Representative tissue blocks were selected for TMA construc-
tion after histological review. For each case, a 2-mm single core
was punched from the tumor but not from normal tissue. All
immunostainings were performed using the automated system,
Leica Bond IIT (Leica Biosystems, Nusslock, Germany) and
Bond Polymer Refine Detection Kit (Leica Biosystems). E-cad-
herin antibody (mouse monoclonal, NCL-L-E-Cad, Novocastra,
Newcastle upon Tyne, UK) was diluted at 1:25. Prrx-1 anti-
body (rabbit polyclonal, NBP2-13816, Novus Biologicals, Lit-
tleton, CO, USA) was diluted at 1:20. Ki-67 antibody (mouse
monoclonal, NCL-L-Ki67-MM1, Novocastra) was diluted at

Fig. 1. Immunohistochemical staining of E-cadherin and paired-related homeobox protein 1 (Prrx-1) in hepatocellular carcinomas. Represen-
tative photos of immunohistochemical staining in hepatocellular carcinomas. (A) E-cadherin decreased. (B) E-cadherin maintained. (C) Prrx-1
negative. (D) Prrx-1 positive. (E) Prrx-1 negative, but cytoplasmic positive.
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1:200. TMA sections (4-pm-thick) were de-waxed, and the an-
tigen was retrieved with Bond Epitope Retrieval Solution 2
(Leica Biosystems), then incubated with primary antibodies for
60 minutes.

Two pathologists assessed E-cadherin staining into two cate-
gories as described previously;” negative or faint membranous
stained and moderate to strong membranous stained. The aver-
age E-cadherin stainability of HCC cells in each core was evalu-
ated. Prrx-1 staining was evaluated by its nuclear positivity as
previously described. Cytoplasmic stained cases without nucle-
ar positivity for Prrx-1 were interpreted as negative because they
wete considered to be nonspecific cytoplasmic antibody entrap-
ping. Representative images of immunohistochemical staining
are presented in Fig. 1. To determine whether the immunoex-
pression of Prrx-1 in HCCs was upregulated or lost, comparing
to normal or cirthotic liver, we performed Prrx-1 immunostain
to two whole block sections and one TMA section that con-
tained 20 cores of normal liver tissue block obtained that were
obtained from liver resections from traumatic liver laceration,
or metastatic colon cancer. We stained one whole section from
each of the three Prrx-1—positive HCCs and three Prrx-1-nega-
tive HCGs, to determine if the single TMA core was represen-
tative of the entire tumor’s Prrx-1 expression status. The cases
wete randomly selected from the cohort and all sections includ-
ed adjacent cirthotic liver. Ki-67 immunostain was performed
on TMA sections. The Ki-67 labeling index was calculated by a
free image analyzing sofeware, TMARKER v2.21625."

Statistical analysis

We investigated the relationship between the loss of E-cad-
herin and clinicopathologic factors as well as survival time and
recurrence. Expression of Prrx-1 was evaluated with the same
method. Concordance of loss of E-cadherin and Prrx-1 expres-
sion was analyzed. We also correlated the expression with other
markers to investigate whether those markers reflect aggressive
pathologic features. The association between immunohistochem-
ical stain results and clinicopathologic parameters was analyzed
using the chi-square test, Fisher exact test, and Mann-Whitney
U test. Recurrence and survival rate was calculated by the Ka-
plan-Meier method, and the comparisons were made using the
log-rank test. The Cox proportional hazard regression model
was adopted to determine the prognostic impact of immuno-
histochemical results and other clinicopathologic parameters.
For the Cox regression, high Ki-67 was defined as Ki-67 index
over 40, by considering the cutoff values of previous studies.'""”
For all calculations, differences at p < .05 were considered statis-

http://dx.doi.org/10.4132/jptm.2016.06.22
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tically significant. All statistical calculations were performed
using the R software ver. 3.1.0 (R Core Team 2014).

RESULTS

Clinicopathological characteristics

The clinicopathologic features are summarized in Table 1.
The median age of the 244 patients was 56 years (range, 24 to
87 years). One hundred eighty-three patients were male (75%),
and 61 were female (25%). One hundred seventy-one patients
had hepatitis B virus (HBV, 70.1%), and 16 had hepatitis C vi-
rus (HCV, 6.6%). Two patients had both HCV and HBV coin-
fection (0.8%). Twenty-five patients had no viral hepatitis but
had a history of chronic alcohol intake without any apparent vi-

Table 1. Clinicopathologic characteristics of HCC patients (n=244)

Parameter No. (%)
Age (yr® 56 (24-87)
Sex (male:female) 183:61 (3:1)
Etiological factor

HBV 171 (70.1)

HCV 16 (6.6)

HBV +HCV 2(0.8)

Alcohol 25(10.2)

Unknown 30(12.3)
Underlying disease

Chronic hepatitis 44 (18)

Cirrhosis 200 (82)
Child-Pugh class

A 230 (94.3)

B 14 (5.7)
AJCC stage

| 132 (54.1)

Il 79 (32.4)

11 33(13.5)
Tumor size (cm)® 3.5(0.6-19.5)
Multiplicity (solitary/multiple)

Solitary 201 (82.4)

Multiple 43 (17.6)
Histologic grade

1,2 109 (44.7)

3,4 135 (65.3)
Small vessel invasion 94 (38.5)
Large vessel invasion 24.9.8)
Recurrence rate (%)

1 Year 35.0

5 Years 65.3
Survival rate (%)

1 Year 87.4

5 Years 55.6

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C vi-
rus; AJCC, American Joint Committee on Cancer.
*Median (range).

http://jpatholtm.org/
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ral etiology (10.2%). Thirty patients had neither viral hepatitis
nor history of chronic alcoholic intake (12.3%). Cirrhosis was
detected in 200 patients (82%). Child-Pugh classes were stage
B in 14 patients (5.7%), while the others are stage A (94.3%).
Regarding pathologic stage, 132 patients were stage [ (54.1%),
79 were 11 (33.4%), eight were IIIA (3.3%), 24 were I1IB (9.8%),
and one was ITIC (0.4%). Median tumor size was 3.5 cm (range,
0.6 t0 19.5 cm). Two hundred one cases presented as a solitary
tumor (82.4%) while the others presented as multiple tumors.
Portal vein, hepatic vein, or their major branch involvement
was detected in 45 patients (18.4%).

One hundred and six patients died during follow-up. Median
survival time was 70.8 months (range, 1.3 to 287.7 months)
and 5-year survival rate was 55.6%. In addition, 35% of cases
showed a tumor recurrence within 1 year, and 65.3% under-
went recurrence within 5 years. The Kaplan-Meier method
showed a significant difference in overall survival and disease-
free survival between stages I and II (p =.006, and p <.001, re-
spectively). However, those between stage II and stage III were
not statistically significant (p =.450 and p =.106, respectively).
Additionally, 3.9% of stage I patients experienced tumor recur-
rence within 1 year (n=19), compared with 20.6% of stage II (n

Table 2. Association between E-cadherin and Prrx-1 expression and clinicopathologic parameters in HCC patients (n=244)

E-cadherin Prrx-1
Parameter — p-value = : p-value
Decreased (n=96) Maintained (n=148) Positive (n=32) Negative (n=212)
Age (yr? 57 (31-77) 55 (24-87) 135° 60 (24-74) 55.5 (28-87) 161°
Sex (male:female) 74:22 (3.4:1) 109:39 (2.8:1) 650° 24:8 (3:1) 1569:63 (3:1) >.990°
Etiology (%) .090°
HBV 59 (61.5) 112 (75.7) 20 (62.5) 151 (71.2) 501¢
HCV 10 (10.4) 6 (4.1) 2(6.2) 14 (6.6)
HBV+HCV 1(1) 1(0.7) 0 2(0.8)
Alcohol 13 (13.5) 12 (8.1) 3(9.4) 22 (10.8)
Unknown 13 (13.5) 17 (11.5) 7(21.9) 23(10.8)
Underlying disease (%) .048° .893°
Chronic hepatitis 11 (11.5) 33(22.3) 5(18.4) 39 (15.6)
Cirrhosis 85 (88.5) 15 (77.7) 27 (81.6) 173(81.6)
Child-Pugh class .996° >.990°
A 91 (94.8) 139 (93.9) 30 (93.9) 200 (94.3)
B 5(5.2) 9(6.1) 2(6.7) 12 (5.7)
AJCC stage 707° .399°
I 50 (52.1) 82 (55.4) 20 (62.5) 112 (562.8)
[ 34 (35.4) 45 (30.4) 7(21.9 72 (34.0)
1 12 (12.5) 21 (14.2) 5(15.6) 28 (13.2)
Multiplicity 406° YAk
Single 82 (85.4) 119 (80.4) 28 (87.5) 173 (81.6)
Multiple 14 (14.6) 29 (19.6) 4(12.5) 39 (18.4)
Tumor size® 3.3(0.6-19.5) 3.5(0.7-17) 877" 3.15 (1.2-15) 3.5(0.6-19.5)
Histologic grade 224° .286°
1,2 48 (50) 61 (41.2) 11 (34.4) 98 (46.2)
3,4 48 (50) (5 8) 21 (65.6) 1 14 (63.8)
Large vessel invasion 11 (11.5) 3(8.8) 642° 4(12.5) 20 (9.4) 533¢
Small vessel invasion 41 (42.7) (35 8) .344° 13 (40.6) 81(38.2) .946°
Prrx-1 positivity 12 (12.5) 20 (13.5) 972° 12 (37.5) 84 (39.6) 972°
Ki-67 index® 21 (9-37.5) 22 (10-41) 754° 21 (9-35.5) 22 (9.5-40.5) 533"
Recurrence rate (%) <.001" 947"
1 Year 45.8 28.5 431 34.2
5 Years 78.1 57.1 71.2 64.8
Survival rate (%) 459 409"
1 Year 88.3 86.8 775 88.9
5 Years 55.2 55.6 66.3 55.1

Values are presented as number (%) unless otherwise indicated.

Prrx-1, paired-related homeobox protein 1; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; AJCC, American Joint Committee

on Cancer.

*Median (range); "Mann-Whitney U test; “Chi-square test; “Fisher exact test; “Median (first quantile-third quantile); ‘Log-rank test.
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=19), and 29.8% of stage IIl (n=11).

E-cadherin and Prrx-1 immunohistochemical staining
results

E-cadherin expression was decreased in 96 cases (39.3%), wh-
ereas others showed moderate to strong membranous immuno-
reactivity. Thirty-two cases (13.3%) showed at least focal nucle-
ar Prrx-1 immunoreactivity. Loss of E-cadherin and Prrx-1
expression was not concordant (p =.972 on the chi-square test).
One hundred twenty cases showed minimally weak cytoplasmic
stainability (49.2%). Cytoplasmic staining of Prrx-1 was not cor-
related with loss of E-cadherin expression (p=.217 on the chi-
square test).

All normal livers, including two whole section and one TMA
section, of which there were twenty cases, were negative for Prrx-
1 staining. All Prrx-1 stainings with whole sections of three
Prrx-1—positive HCCs and three Prrx-1-negative HCCs showed
consistent results with the TMA stainings. All adjacent cirrhotic
livers from the six sections were negative for Prrx-1.

HCC biomarker relationships
We examined the correlation between Prrx-1 and E-cadherin
immunohistochemical staining results and various clinicopath-

Prrx-1 and EMT in HCC ¢ 331

ological factors. HCCs with decreased E-cadherin tend to occur
more frequently in the background of cirrhosis, compared to E-
cadherin maintained HCCs (88.5% vs 77.7%, p = .048 on the
chi-square test). Both large vessel (portal vein, hepatic vein, ot
their major branches) invasion and small vessel invasion were
more frequent in the E-cadherin reduced group compared with
the maintained group; however, they were not statistically sig-
nificant (large vessel invasion: 11.5% vs 8.8%, p =.642 on chi-
square test; small vessel invasion: 42.7% vs 35.8%, p=.344 on
chi-square test). Hepatitis B, hepatitis C, history of chronic al-
cohol intake, age, sex, pathologic stage, multiplicity of the tu-
mor, tumor size, and histologic grade were not significantly as-
sociated with E-cadherin expression (Table 2).

None of the factors were statistically significantly correlated
with Prrx-1 expression and clinicopathological factors, although
both large vessel invasion and small vessel invasion were more
frequent in Prrx-1—positive HCCs (large vessel invasion: 12.5%
vs 9.4%, p =.533; small vessel invasion: 40.6% vs 38.2%, p =
.946) (Table 2). Prrx-1-positive HCCs showed more frequent
P53 overexpression (25% vs 13.7%, p =.114 on chi-square test),
although this result was not statistically significant.

Survival analysis indicated that E-cadherin decreased HCCs
that were identified in earlier recurrences than in E-cadherin

Table 3. Association between E-cadherin and Prrx-1 expression as a combinational marker and clinicopathologic parameters in HCC pa-

tients (n=244)

E-cadherin positive

E-cadherin negative

Parameter
Prrx-1 positive (n=20) Prrx-1 negative (n=128) Prrx-1 positive (n=12) Prrx-1 negative (n=84)

AJCC stage

| 11 (55) 73(57) 9 (75) 41 (48.8)

I 6 (30) 40(31.2) 1(8.3 33(39.3)

1l 3(15) 15 (11.7) 2(16.7) 10(11.9)
Multiplicity

Single 18 (90) 101 (78.9) 10 (83.3) 72 (85.7)

Multiple 2(10) 27 (21.1) 2(16.7) 12 (14.3)
Histologic grade®

1,2 4 (20) 57 (44.5) 7 (58.3) 41 (48.8)

3,4 16 (80) 71 (65.5) 5(41.7) 43(51.2)
Large vessel invasion 18 (90) 117 (91.4) 10 (83.3) 75(89.3)
Small vessel invasion 10 (50) 85 (66.4) 9(75) 46 (54.8)
Ki-67 index’ 26 (7.5-43.5) 21 (10-40.5) 21 (12.5-39) 21(9-34.5)
Recurrence rate (%)

1 Year 60.1 73 511 54.6

5 Years 54.1 43 15.3 23.2
Survival rate (%)

1 Year 73.9 88.8 83.3 89

5 Years 54.6 56.9 83.3 51.7

Values are presented as number (%) unless otherwise indicated.

Prrx-1, paired-related homeobox protein 1; HCC, hepatocellular carcinoma; AJCC, American Joint Committee on Cancer.
*Comparing both E-cadherin and Prxx-1 positive-group (the first column) to the others, the former showed significantly higher histologic grade (p=.037 on chi-

squared test); "Median (first quantile-third quantile).
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Fig. 2. Kaplan-Meier curves for overall survival (A, C, E) and disease-free survival (B, D, F) in hepatocellular carcinomas according to Ameri-
can Joint Committee on Cancer stage, E-cadherin and paired-related homeobox protein 1 (Prrx-1) expression (log-rank test).
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maintained HCCs (mean, 1.08 years vs 3.51 years; p <.001 on
the log-rank test) (Fig. 2B). Within one year, 41 cases (45.8%)
of E-cadherin decreased HCCs experienced recurrence, while 40
cases of E-cadherin (28.5%) maintained HCCs did not. The
overall survival rate was not significantly different on the log-
rank test (p=.459) (Fig. 2A). We also examined the correlation
between patient’s survival/recurrence and Prrx-1 expression. Al-
though 1-year recurrence rate (43.1% vs 34.2%) and 5S-year re-
currence rate (71.2% vs 64.8%) were higher in Prrx-1 that ex-
pressed HCCs than in Prrx-1-negative HCCs, the difference
was not statistically significant on the log-rank test (p =.947)
(Fig. 2D). Overall survival was also not significantly different (p =
408) (Fig. 2C).

We categorized HCCs into four groups, depending on the E-
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cadherin and Prrx-1 expression. The clinicopathologic parame-
ters, recurrence rate, and survival rate were compared between
Prrx-1—positive and Prrx-1-negative groups, and among E-cad-
herin—positive cases, in addition to the same comparison among
E-cadherin—negative cases. Each of the four groups were also
compared with the other three groups. The E-cadherin—positive
and Prrx-1—positive group (n = 20) showed significantly higher
nuclear grades than the rest of the group (n = 224) (nuclear
grade 3 or 4 proportion: 80% vs 53.1%, p=.037 on chi-squared
test). Other parameters in the various group comparison were
not significantly different (Table 3, Fig. 2E and F).

Cox proportional hazard regression model
Factors that may affect the prognosis of HCC were filtered

Univariate analysis Multivariate analysis
Hazard ratio 95% CI p-value Hazard ratio 95% Cl p-value Hazard ratio (95% Cl)

AJCC stage

lvs. Il 2.612 1.860-3.668 <.001 1.823 0.932-3.568 .079 -

lvs.ll 2.659 1.713-4.126 <.001 1.263 0.475-3.356 640 —m—
Cirrhosis? 1.583 0.984-2.547 .058
Child-Pugh class (B) 1.026 0.502-2.099 944
Grade (3, 4) 0.927 0.622-1.381 710
Multiplicity 1.678 1.124-2.505 .011 1.329 0.798-2.215 275 j:
Small vessel invasion 2.442 1.737-3.433 <.001 1.206 0.658-2.21 545
Large vessel invasion 4512 2.780-7.322 <.001 3.633 1.444-9.139 .006 =
E-cadherin loss 1.830 1.305-2.566 <.001 1.786 1.263-2.525 .001 -
Prrx-1 positivity 1.018 0.603-1.717 948
Ki-67 index (>40) 1.400 0.959-2.045 .082

123 45 678 9

Fig. 3. Cox proportional hazard regression model for disease-free survival. Cl, confidence interval; AJCC, American Joint Committee on
Cancer; Prrx-1, paired-related homeobox protein 1. *Cirrhosis vs chronic hepatitis.

Univariate analysis Multivariate analysis
Hazard ratio 95% Cl p-value Hazard ratio 95% ClI p-value Hazard ratio (95% Cl)

AJCC stage

lvs. Il 1.774 1.169-2.693 .007 1.266 0.616-2.602 521

lvs. Il 2.465 1.373-4.424 .003 0.616 0.153-2.481 496
Cirrhosis? 2.406 1.315-4.403 .004 2.389 1.303-4.379 .005 —.—
Child-Pugh class (B) 1.784 0.953-3.342 .071
Grade (3, 4) 1.230 0.784-1.93 .367
Multiplicity 1.084 0.651-1.804 .756
Small vessel invasion 2.206 1.495-3.255 <.001 1.572 0.752-3.287 .230 -
Large vessel invasion 2.988 1.687-5.290 <.001 3.379 0.853-13.381 .083 =
E-cadherin loss 1.159 0.784-1.714 458
Prrx-1 positivity 1.278 0.713-2.292 410
Ki-67 index (>40) 1.669 1.103-2.526 .015 1.583 1.045-2.399 .030 i

123 45 6 78 9

Fig. 4. Cox proportional hazard regression model for overall survival. Cl, confidence interval; AJCC, American Joint Committee on Cancer;
Prrx-1, paired-related homeobox protein 1. *Cirrhosis vs chronic hepatitis.
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for the multivariate Cox proportional hazard regression model
(p<.05 in univariate Cox proportional hazard regression mod-
el). The disease-free and overall survival were separately pro-
cessed and are in Figs. 3 and 4, respectively. The stage, multi-
plicity, small and large vessel invasion, and decrease of E-cadherin
wete selected for factors in disease-free survival. Among them,
the large vessel invasion (p =.006) and loss of E-cadherin (p =
.001) were independent risk factors. The stage, cirthosis, small
and large vessel invasion, and high Ki-67 labeling index were
selected for overall survival. Cirrhosis (p = .005) and high Ki-67
labeling index (p = .030) were independent risk factors for over-

all survival.
DISCUSSION

EMT has an important role in cancer progression because it
influences tumor cell migration, allows local tissue invasion,
and into the blood vessel, which is a necessary step in cancer me-
tastasis.’ In colorectal cancer, tumor budding is one of the most
important prognostic factors and reflects aggressive biologic be-
havior. The tumor budding is also explained as an EMT pro-
cess, consistently with its morphologic change to fibroblast-like
appearance.”’ E-cadherin is a type of cadherins, which is a type
1 transmembrane protein, that plays an important role in cell
adhesion. Loss of the E-cadherin is a hallmark of EMT and it is
related to poor prognosis in various human cancers." In addition,
several studies based on immunohistochemical staining of E-
cadherin have reported the prognostic significance of HCC."”"’

Loss of E-cadherin is clearly associated with hematogenous
tumor spread, lymph node metastasis, and local recurrence in
various types of cancer, including breast cancer, colorectal can-
cer, and liver cancer."*” For HCC, Chen e a/."® performed a me-
ta-analysis to access the prognostic value of E-cadherin in HCC,
and revealed that loss of E-cadherin was strongly associated
with poor overall survival, recurrence-free survival, metastasis,
vascular invasion, higher grade, and advanced TNM stage.”® As
mentioned earlier, several other EMT inducers were evaluated
as prognostic markers. SNAIL, an EMT inducer, was expressed
in an invasive portion of HCC and was associated with the higher
grade. Twist-1, another EMT inducer, was found to be associat-
ed with distant metastasis in HCC.”

As previously mentioned, either upregulation or downregu-
lation of Prrx-1 has been reported to be associated with poor
prognosis, depending on the type of cancer. In colorectal cancer,
overexpression of PRRX1 mRNA was involved in metastasis
and poor prognosis.” In thyroid cancet, 57.7% of anaplastic thy-

http://jpatholtm.org/

roid carcinomas and two of five hobnail variants of papillary car-
cinoma, which are very aggressive and associated with high
mortality rate, were positive for Prrx-1 on immunohistochemi-
cal staining, while all conventional papillary carcinomas were
negative." In comparison, Ocana ¢f /.’ found that loss of Prrx-1
contributes to metastatic colonization and poor prognosis in
breast cancer. They performed an experiment with a xenograft
model, using human breast cancer cells that expressed both Prrx-
1 and Twistl. A knockdown of both Prrx-1 and Twist]1 increased
lung metastasis but not in a setting of only one knockdown.
This indicated that downregulation of Prrx-1 is necessary to de-
velop metastatic nodules and gain proliferative activity.” Simi-
larly, Hirata et #/.” studied mRNA expression level of Prrx-1 in
HCC and found that the Prrx-1 downregulated group showed a
poorer prognosis than the upregulated group. However, this
study showed that normal livers did not express Prrx-1 protein
immunohistochemically, and evokes a question that the decreased
level of the PRRX1 mRNA has biological implications, as only
a few (in our case, 13%) of the HCCs showed nuclear immuno-
reactivity on Prrx-1.

Ki-67 is a marker that reflects proliferative activity, which in-
creases during carcinogenesis. Poorly differentiated HCCs show
a higher index of Ki-67 than in well- to moderately-differenti-
ated HCCs.” In general, the proliferating activity decreases when
tumor cells undergo EMT.” We expected that loss of E-cad-
herin and expression of Prrx-1 would inversely correlate with
the Ki-67 index. However, there was no significant difference,
which was likely due to the limitation of a small number of Prrx-
1—positive cases and many other biological confounding vari-
ables that effect on the proliferation.

Through this study, we attempted to elucidate whether Prrx-
1—positive or Prrx-1-negative HCCs are associated with poor
prognosis. As EMT is a dynamic process and its timely regula-
tion is necessary to metastasis, it is necessary to develop new
markers to know whether the tumor will re-gain proliferative
and epithelial property after hematogenous spread, when we ob-
serve E-cadherin loss in the resected primary tumor. However,
we only validated E-cadherin as a useful prognostic factor to pre-
dict recurrence, and Prrx-1 was not correlated with patient’s prog-
nosis and recurrence. Our experiment had some limitations,
which were attributable, in part to the role of Prrx-1 on the prog-
nosis of HCCs. The design of the present experiment did not
implicate the complex mechanism of EMT-reverse EMT process
during cancer metastasis. Cross-sectional studies using immuno-
histochemical staining on paraffin block have a limitation to
dealing dynamic processes. Especially, as Prrx-1 is a transcription

http://dx.doi.org/10.4132/jptm.2016.06.22



factor, two assumptions are required for this immunohistochemi-
cal study: (1) the expression of Prrx-1 should be consistent
through the time until E-cadherin molecules disappear in the cell
membrane, and (2) the functional expression range and thresh-
old should be consistent with detection range and interpretation
cutoff. However, many cellular signals work in a stochastic man-
ner and show oscillatory responses, which give an uncertainty to
our assumption.*? Prrx-1 overexpression was observed in
15.1% of HCCs in this study by immunohistochemistry. It is
quite a small percentage comparing with 45.2% (28/62), which
is the fraction of high-PRRX mRNA that expressed HCC:s in
the experiment by Hirata et 4/.* We believe that this also gives
an uncertainty to our second assumption.

In summary, Prrx-1 was expressed in small portion (13.3%)
of HCCs but not in non-neoplastic livers. We validated that E-
cadherin loss had the prognostic value to predict recurrence in
HCCs. Prrx-1 was not correlated with EMT nor prognosis nor
recurrence by immunohistochemical staining study. Further
study with a larger series of HCCs is required to elucidate the
significance of Prrx-1 in HCG:s.
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Background: SIRT7 is one of the histone deacetylases and is NAD-dependent. It forms a com-
plex with ETS-like transcription factor 4 (ELK4), which deacetylates H3K18ac and works as a
transcriptional suppressor. Overexpression of SIRT7 and deacetylation of H3K18ac have been
shown to be associated with aggressive clinical behavior in some cancers, including hepatocellu-
lar carcinoma (HCC). The present study investigated the immunohistochemical expression of
SIRT7, H3K18ac, and ELK4 in hepatocellular carcinoma. Methods: A total of 278 HCC patients
were enrolled in this study. Tissue microarray blocks were made from existing paraffin-embedded
blocks. Immunohistochemical expressions of SIRT7, H3K18ac and ELK4 were scored and ana-
lyzed. Results: High SIRT7 (p=.034), high H3K18ac (p=.001), and low ELK4 (p=.021) groups
were associated with poor outcomes. Age <65 years (p=.028), tumor size >5 cm (p=.001), pres-
ence of vascular emboli (p=.003), involvement of surgical margin (p=.001), and high American
Joint Committee on Cancer stage (llI&V) (p<.001) were correlated with worse prognoses. In mul-
tivariate analysis, H3K18ac (p=.001) and ELK4 (p=.015) were the significant independent prog-
nostic factors. Conclusions: High SIRT7 expression with poor overall survival implies that deacet-
ylation of H3K18ac contributes to progression of HCC. High H3K18ac expression with poor
prognosis is predicted due to a compensation mechanism. In addition, high ELK4 expression
with good prognosis suggests another role of ELK4 as a tumor suppressor beyond SIRT7’s help-
er. In conclusion, we could assume that the H3K18ac deacetylation pathway is influenced by
many other factors.

Key Words: Carcinoma, hepatocellular; ELK4; Sirtuin 7 protein; H3K18ac; Immunohistochemistry

Hepatocellular carcinoma (HCC) is the sixth most prevalent
neoplasm and is the second most common cause of cancer-relat-
ed death worldwide." Due to its invasiveness and metastatic po-
tential, demonstration of the pathogenesis of HCC is essential.
In addition to environmental factors, a variety of genetic or epi-
genetic alterations including histone modification are the cause
of HCC.** Histone modification involves post-translational
modification of N-terminal tails of histone proteins by acetyla-
tion, methylation, phosphorylation, ubiquitylation, sumoylation,
adenosine diphosphate ribosylation, biotinylation, and so on.*
Histone deacetylases (HDACs) are critical regulators of gene ex-
pression that promote formation of heterochromatin by deacet-
ylating histone and non-histone proteins. Therefore, aberrant
regulation of HDACs contributes to malignant transformation
and progression in a wide variety of human cancers, such as
HCC, gastric cancer, lung cancer, and other cancers.

Seven sirtuin family members (SIRT1-7) belong to the HDAC,
and are highly conserved from bacteria to mammals.”® They are

pISSN 2383-7837
elSSN 2383-7845

also NAD-dependent, regulating a wide range of cellular pro-
cesses, including aging, DNA repair, cell cycle, metabolism, and
stress response.(”7 Currently, SIRT1, 2, 3, 6, and 7 are known to
be involved with HCC.*'* Among them, SIRT7 has been report-
ed to be proportionally upregulated in pre-neoplastic nodules
to overt human HCC tissues."” In addition, down-regulated
H3K18ac has been observed in human HCC samples."” SIRT7
specifically deacetylates H3K18ac and contributes to the main-
tenance of tumor integrity by reducing the transcription of genes
at specific loci, including tumor suppressor genes.'*'* SIRT7 re-
quires cofactors such as ETS-like transcription factor 4 (ELK4).
ELKA4 belongs to the ternary complex factor subfamily in ETS
domain transcription factors.” About 60% of the SIRT7-bind-
ing sites contain an ELK4-binding motif, and the SIRT7-ELK4
complex induces deacetylation of H3K18ac. Gene-based stud-
ies have been performed on SIRT7, but there has been no research
on SIRT7 with its deacetylation indicated by immunohistochem-
ical (IHC) study in HCC. Therefore, in the present study we ex-
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amined the THC expression of ELK4, SIRT7, and H3K18ac in
paraffin-embedded HCC samples.

MATERIALS AND METHODS

Case selection and review

A total of 278 HCC patients, who underwent curative surgery
at Korea University Guro Hospital between 2000 and 2013 were
enrolled in this study. All hematoxylin and eosin—stained slides
were reviewed. To classify the pathologic staging, the American
Joint Committee on Cancer (AJCC) staging system (seventh edi-
tion) was applied.'® Tumor differentiation was graded according

to the Edmondson-Steiner grading system.'” Tumor necrosis was
evaluated by gross photo and microscopic examination. The re-
sults were categorized as ‘present’ when necrosis was detected,
even in minor amounts. Missing data were excluded, and clinico-
pathologic data including sex, age and TNM stage were obtained
from patients’ medical records. This study was approved by the
Institutional Review Board of Korea University Guro Hospital
(KUGH14140-001).

Tissue microarray construction and immunohistochemistry
Representative tumor areas in all patients (n = 278), and non-
tumor areas in 52 patients were obtained and embedded on pat-

Fig. 1. Characteristic nuclear staining of tumor cells by immunohistochemistry. Low SIRT7 expression (A), high SIRT7 expression (B), low
H3K18ac expression (C), high H3K18ac expression (D), low ELK4 expression (E), and high ELK4 expression (F) are seen.
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affin blocks. Tissue cores 2.0 mm in diameter were collected
from paraffin-embedded donor blocks and embedded in tissue
microarray (TMA) blocks. IHC staining was petformed on 4 pm
TMA section slides using Bond-Max auto-stainer (Leica, Wetz-
lar, Germany). After incubation with primary antibodies, Bond
Polymer Refine Detection kit (Leica) was used for chromogenic
reaction. The following primary antibodies were used in this
study; ELK4 (1:50, rabbit polyclonal, Novus, Littleton, CO,
USA), SIRT7 (1:100, rabbit polyclonal, Abcam, Cambridge,
MA, USA), and H3K18ac (1:1000, rabbit polyclonal, Abcam).

IHC assessment

Nuclear staining patterns of tumor cells for ELK4, SIRT7, and
H3K18ac were analyzed (Fig. 1). More than 10% of stained tu-
mor cells were categorized as positive. Scoring of intensity was
done according to the following scale: 0, no or equivocal; 1,
weak; 2, moderate; and 3, strong staining. Cases showing mod-
erate (score 2) or strong (score 3) staining in more than 10% were
regarded as “high expression.” Cases with no or weak staining
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were regarded as “low expression.” This assessment was per-
formed by two pathologists blind to all clinicopathologic data
and outcome variables. Due to tissue loss in microarray cores,
three samples of SIRT7 (n =275) and two of H3K18ac (n=276)
were excluded. None of the ELK4 (n = 278) samples were ex-
cluded.

Statistical analysis

To examine univariate overall survival, the log-rank test with
the Kaplan-Meier survival curve was used. The Cox’s proportion-
al hazards regression model was used for univariate and multivar-
iate analyses of overall and disease-free survival. Overall survival
rate was calculated from the date of surgery to the date of the
latest follow-up or death. The disease-free survival rate was also
calculated from the date of surgery to the date of recurrence on
follow-up images or pathologic confirmation. For comparing
means, the independent t test was used. Pearson’s correlation co-
efficient was applied to the correlation between THC expression
and the clinicopathologic data. The p-value less than .05 was con-

Table 1. Correlation between immunohistochemical markers and clinicopathologic data

Immunohistochemistry expression

SIRT7 (n=275) H3K18Ac (n=276) ELK4 (h=278)
Characteristic No. (%) Low High Low High Low High
(h=224, (h=51, p-vaue (=133, (n=143, p-value  (n=222, (n=66, p-value
81%) 19%) 48%) 52%) 76%) 24%)
Age (yn)
<65 214 (77) 176 37 721 80 115 184 80 115 184
>65 64 (23) 50 12 35 28 35 28
Sex
Female 47 (16.9) 36 9 448 16 31 021* 16 31 .033*
Male 231 (83) 190 40 117 112 117 112
Edmondson-Steiner grade
-l 178 (64) 154 23 .002* 107 76 <.001* 135 43 .828
-1V 100 (36) 72 26 26 67 7 23
Tumor size (cm)
<5 214 .(77) 176 37 721 103 111 972 163 51 .948
>5 64 (23) 50 12 30 32 49 15
AJCC stage
Il 244 (87.8) 199 42 653 119 123 .384 183 61 .188
-V 34 (12.2) 27 7 14 20 29 5
Vascular emboli
Absent 183 (65.9) 153 29 255 98 85 012" 148 35 .056
Present 95 (34.2) 73 20 35 58 64 29
Margin
Negative 263 (94.6) 214 46 .821 125 136 683 199 64 727
Positive 15 (5.4) 12 3 8 7 13 2
Tumor necrosis
Absent 158 (61.7) 131 25 .261 80 7 1338 113 45 211
Present 98 (38.3) 76 21 40 57 7 21

ELK4, ETS-like transcription factor 4; AJCC, American Joint Committee on Cancer.

*Statistically significant (p<.05).
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Fig. 2. Kaplan-Meier survival curves of immunohistochemical (IHC) markers and clinicopathologic data. With IHC markers (A-C), high SIRT7
expression (A) and high H3K18ac expression (B) were associated with poor prognosis (p=.034 and p=.001, respectively). However, high
ETS-like transcription factor 4 (ELK4) expression was associated with good prognosis (p=.021) (C). With clinicopathologic factors (D-F),

high American Joint Committee on Cancer stage (lll, IV) (p<.001) (D), large tumor size (maximal diameter>5 cm) (p=.001) (E), and the pres-
ence of vascular emboli (F) were associated with poor overall survival (p=.003).
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sidered to be statistically significant. All statistical analyses were
performed using the SPSS ver. 20 (IBM Corp., Armonk, NY,
USA).

RESULTS

Patient characteristics

In the present study, there wete 231 (83%) male and 47 (17%)
female HCC patients between 26-84 years of age (median + stan-
dard deviation, 57 + 10.2 years) who underwent curative opera-
tion. The median postoperational follow-up period was 34
months. A total of 56 patients (20%) died during the follow-up
period. Among all patients, 149 (54%) were in AJCC stage I,
95 (34%) were in stage I, nine (3%) were in stage III, and 25
(9%) were in stage IV.

Expressions of SIRT7, H3K18ac, and ELK4 in non-tumor
and tumor cells

The results of all three antibodies showed significant nuclear
expression patterns (Fig. 1). In non-tumor hepatocytes of 52 pa-
tients, high SIRT7, H3K18ac, and ELK4 expressions wete ob-
served in seven (13%), four (8%), and one (2%) patients, respec-
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tively; however, in tumor cells, 51 (19%), 143 (52%), and 66
(24%) patients showed high expressions for SIRT7, H3K18ac,
and ELK4, respectively (Table 1). Interestingly, H3K18ac
showed significantly high expression in tumor cells (mean value,
1.08 and 1.71, respectively; p <.001). In addition, SIRT7 was
higher in tumor cells (mean value, 1.06 and 1.08, respectively;
p=.858) and ELK4 was higher in non-tumor hepatocytes (mean
value, 0.96 and 0.87, respectively; p =.120). However, these re-
sults were not significant.

Analyses of overall and disease-free survival

Univariate analyses of overall survival rate using the Kaplan-
Meier method showed that high expression in both SIRT7 and
H3K18ac were associated with poor overall survival rate (p =
034 and p=.001, respectively) (Fig. 2A, B); however, high ex-
pression in ELK4 was associated with good overall survival (p =
.021) (Fig. 2C). High AJCC stage (p <.001) (Fig. 2D), large tu-
mor size (>5 cm) (p =.001) (Fig. 2E), and the presence of vascu-
lar emboli (p = .003) (Fig. 2F) were associated with poor overall
survival rate. Additionally, younger age (< 65 years) (p =.028)
and positive surgical margin (p=.001) were correlated with poor
outcomes. Analyses using Cox’s proportional hazards are shown

Table 2. Univariate and multivariate analyses of overall survival using Cox’s proportional hazards model

Univariate analysis Multivariate analysis
Variable
HR (95% Cl) p-value HR (95% Cl) p-value
High SIRT7 expression 1.853 (1.036-3.313) .038* 1.323 (0.720-2.430) .368
High H3K18Ac expression 2.569 (1.438-4.592) .001* 2.731 (1.469-5.076) .001*
High ELK4 expression 0.219 (0.053-0.907) .036* 0.162 (0.037-0.704) 015"
Tumor size (>5 cm) 2.427 (1.400-4.207) .002* 2.044 (1.104-3.787) .023*
Vascular emboli 2.176 (1.273-3.720) .004* 1.287 (0.707-2.343) 409
Margin positive 3.371 (1.582-7.183) .002* 2.943 (1.300-6.661) .010*
AJCC stage llIHV 4.302 (2.489-7.438) <.001* 3.007 (1.650-5.483) <.001*
HR, hazard ratio; Cl, confidence interval; ELK4, ETS-like transcription factor 4; AJCC, American Joint Committee on Cancer.
*Statistically significant (p<.05).
Table 3. Univariate and multivariate analysis using Cox’s proportional hazards analysis of disease-free survival
Univariate analysis Multivariate analysis
Variable
HR (95% Cl) p-value HR (95% Cl) p-value
High SIRT7 expression 1.573 (1.013-2.444) 044 1.440 (0.912-2.276) 118
High H3K18Ac expression 1.229 (0.844-1.789) .283 1.022 (0.680-1.537) 915
High ELK4 expression 0.922 (0.566-1.502) 744 0.901 (0.545-1.490) 685
Tumor size (>5 cm) 1.393 (0.903-2.150) 134 1.110 (0.697-1.769) .660
Vascular emboli 1.465 (1.001-2.144) 049 1.192 (0.790-1.800) 402
Margin positive 1.200 (0.558-2.580) .640 0.903 (0.403-2.025) .805
AJCC stage IV 2.128 (1.310-3.458) 0024 1.898 (1.101-3.273) 021*
Edmondson-steiner’s grade 1.5613 (1.040-2.202) .030* 1.270 (0.839-1.923) .258

HR, hazard ratio; Cl, confidence interval; ELK4, ETS-like transcription factor 4; AJCC, American Joint Committee on Cancer.

*Statistically significant (p<.05).
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Table 4. Bivariate analysis of SIRT7, H3K18ac, and ELK4 (n=275)

SIRT7 H3K18ac ELK4
SIRT7 Correlation coefficient 1.000 0.165 -0.054
p-value .006* 372
H3K18ac Correlation coefficient 0.165 1.000 -0.035
p-value .006* .560
ELK4 Correlation coefficient -0.054 -0.035 1.000
p-value 372 .560
ELK4, ETS-like transcription factor 4.
*Statistically significant (p<.05).
in Table 2. DISCUSSION

In multivariate analyses (Table 2), high expression in H3K18ac
was determined to be a poor prognostic factor (p=.001), where-
as high expression in ELK4 was indicated as a good prognostic
factor (p =.015). However, high SIRT7 expression was unre-
markable (p =.368). Tumor size >5 cm, positive margin, and ad-
vanced stage (III-IV) (p =.024, p=.012, and p <.001, respective-
ly) were related independently as poor prognostic factors. Finally,
the presence of vascular emboli was not significant (p = .409).

Disease-free survival rate analyses were performed using the
Cox’s proportional hazard model. High SIRT7 expression, pres-
ence of vascular emboli, AJCC stage III-IV and Edmondson-
Steiner grade ITI-IV were associated with worse prognosis (Table
3). However, only AJCC stage was shown to be an independent
factor in the multivariate analysis (p =.021).

Analyses of correlation

SIRT7 and H3K18ac showed a positive correlation (p =.006)
(Table 4); however, ELK4 did not show a significant correlation
with the other two markers. Tumor size showed a positive asso-
ciation with AJCC stage (p <.001), vascular tumor emboli (p =
.001), and necrosis (p <.001). Additionally, tumor necrosis was
positively associated with presence of vascular emboli (p=.012)
as well as AJCC stage III and IV (p =.005). Edmondson-Steiner
grade I1T and IV showed positive correlation with the existence
of vascular emboli (p =.000) and high AJCC stage (p =.010). El-
der patients (2065 years) had positive association with positive
surgical margin (p =.029).

Table 1 summarizes the correlation between IHC markers and
clinicopathologic data. Edmondson-Steiner grade III and IV
had a correlation with high SIRT7 and high H3K18ac expres-
sion (p=.002 and p <.001, respectively). A high T stage or pres-
ence of vascular emboli were associated with high H3K18ac
expression (p =.027 and p =.012, respectively). In addition, high
H3K18ac expression showed a significant correlation with fe-
males (p =.033) and high ELK4 expression with males (p=.021).

http://jpatholtm.org/

The objective of the present study was to analyze H3K18ac,
which is deacetylated by SIRT?7 linked with ELK4, by ITHC ex-
pression in HCC samples. We hypothesized that high IHC ex-
pression of SIRT7 would be associated with high ELK4 and
low H3K18ac expression, and these results would lead to a poor
overall survival rate. On the contrary to the hypothesis, this
study found that SIRT7 expression had a weak positive correla-
tion with H3K18ac, but no correlation with ELK4 (Table 4).
In addition, high H3K18ac expression was unexpectedly asso-
ciated with poor prognosis, whereas high ELK4 expression was
associated with better prognosis in the overall survival analyses
(Table 2). Lastly, high SIRT7 expression associated with poor
prognosis was in accordance with our major hypothesis.

There is no definite explanation of the unexpected positive
correlation of SIRT7 and H3K18ac, but there are several possi-
ble mechanisms. First, other pathways may exist. For example,
SIRT? and SIRTG can also deacetylate H3K18ac in addition to
SIRT7."®" Conversely, SIRT7 also deacetyl-ates p53 in addition
to H3K18ac.” Although the prognostic direction of H3K18ac
was unexpected, it seems to have significance, which is shown
in the univariate and multivariate overall survival analyses. In
addition, correlation analyses revealed a positive association
with poor Edmondson-Steiner grade, high T stage and presence
of vascular emboli (Tables 1, 2). Putting these evidences togeth-
er, we can suggest that there are other important mechanisms
beyond the deacetylation of H3K18ac by SIRT7. The weak cor-
relation coefficient value may be a reflection of this (Table 4).

Second, the method of approach was different. In previous
studies, experiments wete performed with cell-lines and were fo-
cused on the specific gene foci.'*"* In the present study, we used
surgical specimens and examined overall protein expressions by
the THC approach. Some authors have argued that gene-specific
expression of histone acetylation can run contrary to the overall
state of modification. This phenomenon could have resulted
from compensation and made a difference in the overall expres-
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sion of acetylation seen in the THC study.”"* Further evaluation
of the relationship of SIRT7 and H3K18ac in HCC is needed."”
Because previous HCC studies of H3K18ac were focused on tu-
mor suppressor genes, the roles of H3K18ac in proto-oncogene
or global H3K18ac expression in HCC progression have not
been sufficiently investigated. However, several studies have
shown the correlation of H3K18ac with poor prognosis in other
malignancies, such as pancreatic adenocarcinoma or esophageal
cancer.”** Moreovet, in some malignant tumors, especially in
HCCGs, global acetylation of H3K18 could be more associated
with genes related to tumor progression or proliferation than tu-
mor suppression.””’

High SIRT?7 expression in this study was associated with poor
overall survival rate and high tumor grade but did not show a
statistical correlation with H3K18ac and ELK4 expression.
Most studies on SIRT7 in HCC have focused on the HDAC ac-
tivity of SIRT7 in relation to tumor suppressor genes.'>"* Recent
studies have revealed other mechanisms of SIRT7 in human
cells. They have reported that SIRT7 can regulate protein fold-
ing in mitochondria, and a decrease in SIRT7 could result in
stem cell senescence.” Another study also reported that SIRT7
can interact with SIRT1, resulting in epithelial-to-mesenchymal
transition via control of E-cadherin. The mechanism of SIRT7
as a poor prognostic factor in HCC may be more related to oth-
er roles in tumor cells than its role as a suppressor of tumor sup-
pressor genes.”

High ELK4 expression did not show a correlation with
SIRT7 or H3K18ac in the present study. However, high ELK4
expression was an independent factor of good prognosis in HCC
patients. The most studied mechanism of ELK4 in tumorigen-
esis is the role as a cofactor of SIRT7 in deacetylation of H3K18,
which is located in tumor suppressor genes or ribosome-related
genes. Additionally, ELK4 fundamentally forms complexes
with SRF dimers on SREs found in the c-fos and other immedi-
ate early gene promoters,” and this process is stimulated by the
activated mitogen-activated protein kinase (MAPK) signaling
pathway."”** Therefore, we can assume that high ELK4 status
would induce the oncogenic pathway, but this has not been in-
vestigated. Furthermore, ELK4 is expected to inhibit gene tran-
scription, due to its resemblance to ELK3/NET. ELK3/NET
acts as a transcription repressor of target promoters through its
NET inhibitory domain (NID) and C-terminal-binding protein
inhibition domain in the absence of the MAPK signal.’"** Thus,
loss of ELK3 expression has been reported in malignant meso-
thelioma, suggesting the role of ELK3 as a repressor of tumors.”
ELK4 also has a similar NID region to ELK3/NET,*** sug-
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gesting that ELK4 may also inhibit gene transcription during
the inactivated MAPK condition.” The role of ELK4 in HCC
requires more investigation, but this transcriptional repression
could be associated with inhibition of tumor progression.

In conclusion, high expression of ELK4 and low expression of
H3K18ac were independent and good prognostic factors in
HCC patients. High SIRT7 expression in HCC was associated
with poor overall survival rate, although it was not an indepen-
dent prognostic factor. In HCC tissue samples, these proteins
had significant prognostic values independently; however, we
did not find an integrated cumorigenic effect. Since these proteins
have not been widely investigated, more comprehensive studies
for interactions and mechanisms of ELK4, SIRT7, and H3K18ac
are needed in HCC.
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Background: The pathologic distinction between high-grade prostate adenocarcinoma (PAC) in-
volving the urinary bladder and high-grade urothelial carcinoma (UC) infiltrating the prostate can
be difficult. However, making this distinction is clinically important because of the different treat-
ment modalities for these two entities. Methods: A total of 249 patient cases (PAC, 111 cases; UC,
138 cases) collected between June 1995 and July 2009 at Seoul St. Mary’s Hospital were stud-
ied. An immunohistochemical evaluation of prostatic markers (prostate-specific antigen [PSA],
prostate-specific membrane antigen [PSMA], prostate acid phosphatase [PAP], P501s, NKX3.1,
and a-methylacyl coenzyme A racemase [AMACR]) and urothelial markers (CK34pE12, p63, throm-
bomodulin, S100P, and GATA binding protein 3 [GATA3]) was performed using tissue microarrays
from each tumor. Results: The sensitivities of prostatic markers in PAC were 100% for PSA,
83.8% for PSMA, 91.9% for PAP, 93.7% for P501s, 88.3% for NKX 3.1, and 66.7% for AMACR.
However, the urothelial markers CK34BE12, p63, thrombomodulin, S100P, and GATA3 were also
positive in 1.8%, 0%, 0%, 3.6%, and 0% of PAC, respectively. The sensitivities of urothelial mark-
ers in UC were 75.4% for CK34BE12, 73.9% for p63, 45.7% for thrombomodulin, 22.5% for S100P,
and 84.8% for GATA3. Conversely, the prostatic markers PSA, PSMA, PAP, P501s, NKX3.1, and
AMACR were also positive in 9.4%, 0.7%, 18.8%, 0.7%, 0%, and 8.7% of UCs, respectively.
Conclusions: Prostatic and urothelial markers, including PSA, NKX3.1, p63, thrombomodulin, and
GATAS3 are very useful for differentiating PAC from UC. The optimal combination of prostatic and
urothelial markers could improve the ability to differentiate PAC from UC pathologically.

Key Words: Prostatic adenocarcinoma; Urinary bladder; Immunohistochemistry; Pathologic diag-
nosis; Urothelial carcinoma

Prostate involvement by urothelial carcinoma (UC) can occur
from direct invasion of an infiltrating UC into the prostate stro-
ma and from intraductal extension of the UC with or without
subsequent stromal invasion of the prostate.' The involvement
of the urinary bladder by prostate adenocarcinoma (PAC) as a
metastasis or by direct extension occurs in 12% of all secondary
bladder tumors' and is the second most common origin of this
bladder cancer.” A common diagnostic problem in this circum-
stance s to differentiate between high-grade UC and high-grade
PAC. Distinguishing between these two entities is crucial be-
cause the treatment for PAC is very different from that of infil-
trating UC. Advanced UC is generally managed with chemo-
therapy, whereas advanced PAC is often managed with anti-an-
drogen hormone therapy.

In the absence of a papillary UC or noninvasive flat compo-
nent, distinguishing high-grade PAC involving the bladder from
infiltrating UC on routine hematoxylin and eosin stain can be
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challenging.’ Even in cases in which a known history of PAC is
available, superimposed histologic changes, such as squamous
metaplasia caused by prior radiation or hormonal therapy or
poor differentiation, lead to difficulty in differentiating a prima-
ry UC from a recurrent PAC on a needle biopsy or transurethral
resection of prostate.” Given the equivocal histologic features
and significant differences in treatment modality and prognosis,
immunohistochemistry is necessary whenever the differential
diagnosis cannot be made with complete certainty based on his-
tologic features only.

Prostate-specific antigen (PSA) and prostate acid phosphatase
(PAP) have been known to assist in verifying the prostatic lineage
in cases of metastatic carcinoma of unknown origin.* However,
in poorly differentiated carcinomas, the sensitivities of PSA and
PAP decrease.” Newer prostatic markers, such as prostein (P501s),
prostate-specific membrane antigen (PSMA), proPSA, and
NKX3.1, may provide added utility.’” Urothelial markers, such
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as CK34PBE12, p63, thrombomoculin, ST00P, and GATA bind-
ing protein 3 (GATA3), have been reported to be useful in iden-
tifying tumors of urothelial origin. However, thrombomodulin
is only moderately sensitive compared with CK34BE12 and p63
in identifying UC.*> Cytokeratin 7 and cytokeratin 20 are of lim-
ited utility in the differential diagnosis of these tumors because
they may both be positive in a subset of PAC and UC.”’

In the present study, we analyzed and evaluated the diagnostic
utility of prostatic and urothelial immunohistochemical markers
in PAC and UC with variable differentiation.

MATERIALS AND METHODS

Patients and materials

We petformed a retrospective analysis of a prospectively main-
tained database of patients approved by the Institutional Review
Board of Seoul St. Mary’s Hospital, the Catholic University of
Korea (KC13SISI0909). We enrolled a total of 111 patients with
PAC and 138 patients with UC who were treated at Seoul St.
Mary’s Hospital between June 1995 and July 2009.

Cases of PAC were divided according to low (Gleason score < 7)
and high grade (Gleason score >7). Of the 111 PACs from radi-
cal prostatectomy specimens, 64 cases (57.6%) were low grade
and 47 (42.3%) were high grade. Cases of UC, whether nonin-
vasive papillary or infiltrating, were divided into low and high
grade according to the World Health Organization classifica-
tion. Of the 138 UCs from cystectomy or tranurethral resection
of bladder specimens, 28 cases (20.3%) were noninvasive papil-
lary low grade, and 110 (79.7%) were noninvasive papillary or
infiltrating cases with high-grade morphology. The male: female
ratio was 7:1. None of the patients received neoadjuvant che-
motherapy, hormone, or radiation therapy.

Immunohistochemistry

We analyzed and evaluated the immunoprofile of urothelial
and prostatic markers using tissue microarrays (TMAs). Needle
punches (0.5-mm diameter) of paraffin-embedded tissue blocks
were transferred and arrayed in the recipient block. Tissue punch-
es yielding equivocal results were excluded from data analysis.
Only interpretable positive or negative staining was accepted as
a positive or negative result. Five-micrometer sections from the
TMA blocks wete prepared for immunohistochemical staining.
All tissues were fixed in neutral buffered formalin, paraffin em-
bedded, and processed in a standard tissue processor.

The immunohistochemical stains were performed on an auto-
mated immunostainer (LV-1 Autostainer, Lab Vision, Fremont,

http://jpatholtm.org/

CA, USA) using the standard avidin-biotin peroxidase method
after antigen retrieval according to the manufacturer’s instruc-
tions. The immunohistochemical stains for this study included
PSA, PSMA, PAP, P501s, NKX3.1, o-methylacyl coenzyme A
racemase (AMACR), CK34BE12, p63, thrombomodulin,
S100P, and GATA3. Primary antibodies used in this study were
as follows: PSA (polyclonal, Dako, Carpinteria, CA, USA), PSMA
(monoclonal, Novocastra Lab, Ltd., Newcastle upon Tyne, UK),
PAP (monoclonal, Dako), P501s (monoclonal, Dako), NKX3.1
(monoclonal, Athena ES, Baltimore, MD, USA), AMACR
(monoclonal, Cell Marque, Rocklin, CA, USA), CK34BE12
(monoclonal, Dako), p63 (monoclonal, Lab Vision), thrombo-
modulin (monoclonal, Dako), SI00P (monoclonal, Dako), and
GATA3 (monoclonal, prediluted, Cell Marque). Detailed infor-
mation about the antibodies used in this study is included in Ta-
ble 1. The staining patterns for PSA, PSMA, AMACR, and
thrombomodulin were cytoplasmic. The P501s staining was in
a perinuclear cytoplasmic location and had a speckled pattern.
CK34BE12 showed membranous and/or cytoplasmic staining.
Only nuclear stains with or without cytoplasmic staining were
accepted as positive results for the p63, NKX3.1, S100P, and
GATA3 stains. All immunohistochemical staining reactions
were reviewed by experienced genitourinary pathologists. The
patterns of all immunostaining markers in this scudy were dif-
fuse and homogeneous. The immunohistochemical staining re-
sults were recorded as positive stains when >10% of cells showed
positive reaction regardless of the intensity of the staining. SPSS
ver. 16.0 (SPSS Inc., Chicago, IL, USA) was used for statistic anal-
ysis. We used chi-square tests to analyse the reactivity of all anti-
body panels. p-values <.05 were considered statistically signifi-

cant.

Table 1. Antibodies used in immunohistochemical staining

Antibody Clone Dilution Vendor
PSA Polyclonal 1:1,000 Dako
PSMA Monoclonal 1:100 Novocastra
PAP Monoclonal Prediluted Dako
P501s Monoclonal 1:200 Dako
NKX3.1 Monoclonal 1:500 Athena ES
AMACR Monoclonal 1:200 Cell Marque
CK34pE12 Monoclonal 1:50 Dako

p63 Monoclonal 1:800 Lab Vision
™ Monoclonal 1:1,000 Dako
S100P Monoclonal 1:800 Dako
GATA3 Monoclonal Prediluted Cell Marque

PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen;
PAP, prostate acid phosphatase; AMACR, a-methylacyl coenzyme A race-
mase; TM, thrombomodulin; GATA3, GATA binding protein 3.
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RESULTS

The results for PSA, PSMA, PAP, P501s, NKX3.1, AMACR,
CK34BE12, p63, thrombomodulin, S100P, and GATA3 were
summarized (Table 2).

Prostatic markers in the PAC group

The sensitivities of prostatic markers in PAC were as follows:
PSA (100%), PSMA (83.8%), PAP (91.9%), P501s (93.7%),
NKX3.1 (88.3%), and AMACR (66.7%). The specificities of
prostatic markers in PAC were as follows: PSA (90.6%), PSMA
(99.3%), PAP (81.2%), P501s (99.3%), NKX3.1 (100%), and
AMACR (91.3%). The positive predictive values (PPVs) of pros-
tatic markers in PAC were as follows: PSA (89.5%), PSMA
(98.9%), PAP (79.7%), P501s (99.1%), NKX3.1 (100%), and
AMACR (86.1%). The negative predictive values (NPVs) of
prostatic markers in PAC were as follows: PSA (100%), PSMA
(88.4%), PAP (92.6%), P501s (95.1%), NKX3.1 (91.4%), and
AMACR (77.3%) (Fig. 1).

Urothelial markers in the PAC group

Only a small number of PAC was positive for urothelial mark-
ers. CK34BE12, p63, thrombomodulin, ST00P, and GATA3 im-
munostains were positive in 1.8%, 0%, 0%, 3.6%, and 0% of
PAC, respectively. The specificities of urothelial markers in PAC
were as follows: CK34PE12 (24.6%), p63 (26.1%), thrombo-
modulin (54.3%), S100P (77.5%), and GATA3 (15.2%). The
PPV of urothelial markers in PAC were as follows: CK34BE12
(1.9%), p63 (0%), thrombomodulin (0%), ST00P (11.4%), and
GATA3 (0%). The NPVs of urothelial markers in PAC were as
follows: CK34PE12 (23.8%), p63 (24.5%), thrombomodulin
(40.3%), S100P (50.0%), and GATA3 (15.9%) (Fig. 1).

Urothelial markers in the UC group

The sensitivities of urothelial markers in the UC group were
as follows: CK34BE12 (75.4%), p63 (73.9%), thrombomodulin
(45.7%), SLOOP (22.5%), and GATA3 (84.8%). The specificities
of urothelial markers in UC were as follows: CK34BE12 (98.2%),
p63 (100%), thrombomodulin (100%), S100P (96.4%), and
GATA3 (100%). The PPVs of urothelial markers in UC were as
follows: CK34PE12 (98.1%), p63 (100%), thrombomodulin
(100%), S100P (88.6%), and GATA3 (100%). The NPVs of
urothelial markers in UC were as follows: CK34PE12 (76.2%),
p63 (75.5%), thrombomodulin (59.7%), S100P (50.0%), and
GATA3 (84.1%) (Figs. 2, 3).
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Table 2. Comparison of immunohistochemical results for PAC and UC including low- and high-grade tumors

PSMA PAP P501s NKX3.1 AMACR CKB34BE12 p63 ™ S100P GATA3

PSA

Variable

PAC

111111 (100 93/111(83.8) 102111 (91.9) 104/111(93.7) 98/111(88.3) 74/111(66.7)  2/111(1.8) 0111 (0) 0111 (0) 4111 (3.6) 0111 (0)

Sensitivity

125/138(90.6) 137/138(99.3) 112/138(81.2) 137/138(99.3) 138/138(100) 126/138(91.3)  34/138 (24.6) 36/138 (26.1)  75/138(54.3) 107/138(77.5) 21/138(15.2)

Specificity

03/94 (98.9) 102/128(79.7) 104/105(99.1)  98/98(100)  74/86(86.1)  2/106(1.9) 0/102 (0) 0/63 (0) 4/35(114)  0/1170)

111/124 (89.5)

PPV
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137/155(88.4) 112/121(92.6) 137/144(95.1) 138/151(91.4) 126/163(77.3)  34/143(23.8)  36/147 (24.5)  75/186 (40.3) 107/214 (50) 21/132 (15.9)

125/125 (100)

NPV

uc

1138(0.7)  26/138(18.8)  1/138(0.7) 0/138 (0) 12/138(8.7) 104/138(75.4) 102/138(73.9) 63/138(45.7) 31/138(22.5) 117/138 (84.8)
13/111 (11.7)

13/138 (9.4)

Sensitivity

109111 (98.2)  111/111(100)  111/111 (100)  107/111 (96.4) 111/111 (100)

37/111 (33.9)

0111 (0) 18/111(16.2)  9/111(8.1) 7111 (6.9)

Specificity
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PAC, prostatic adenocarcinoma; UC, urothelial carcinoma; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; PAP, prostate acid phosphatase; AMACR, a-methylacyl coenzyme A race-

mase; TM, thrombomodulin; GATA3, GATA binding protein 3; PPV, positive predictive value; NPV, negative predictive value.

Values are presented as number (%).
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Fig. 1. Representative panel of immunohistochemical markers in most cases of prostate adenocarcinoma. Positive immunoreactivity for
prostate-specific antigen (A), prostate-specific membrane antigen (B), prostate acid phosphatase (C), P501s (D), NKX3.1 (E), and
a-methylacyl coenzyme A racemase (F). Negative immunoreactivity for CK34BE12 (G), p63 (H), thrombomodulin (), STO0P (J), and GATA
binding protein 3 (K).

Prostatic markers in the UC group

The prostatic markers PSA, PSMA, PAP, P501s, NKX3.1,
and AMACR were also positive in 9.4%, 0.7%, 18.8%, 0.7%,
0%, and 8.7% of UC, respectively. The specificities of prostatic
markers in UC were as follows: PSA (0%), PSMA (16.2%),
PAP (8.1%), P501s (6.3%), and NKX3.1 (11.7%), and AM-
ACR (33.3%). The PPVs of prostatic markers in the UC group
were as follows: PSA (10.5%), PSMA (1.1%), PAP (20.3%),
P501s (0.9%), NKX3.1 (0%), and AMACR (13.9%). The NPVs
of prostatic markers in UC were as follows: PSA (0%), PSMA
(11.6%), PAP (42.9%), P501s (4.9%), NKX3.1 (8.6%), and
AMACR (22.7%) (Figs. 2, 3).

Subanalysis of high-grade PAC and high-grade UC

We only included the patients with high-grade PAC (47 cas-
es) and high-grade UC (110 cases) and analyzed the sensitivities
and specificities of prostatic and urothelial markers. The results
for high-grade PAC and high-grade UC were in the same range.
No significant differences in the sensitivities and specificities

http://jpatholtm.org/

were observed between the entire tumor groups and the high-
grade groups (Table 3).

DISCUSSION

Although the pathologic identification of PAC and UC using
hematoxylin and eosin staining is not difficult in most cases,
some cases may present a challenging diagnosis because the his-
tologic appearance of poorly differentiated PAC can be very
similar to that of high-grade UC.’

High-grade PAC may have enlarged nuclei and prominent
nucleoli similar to UC, but little variability in the nuclear size
or shape is generally observed in PAC compared with UC.** Ad-
ditionally, even in high-grade PAC, there are few mitosis and
pleomorphism compared with high-grade UC.’ Although high-
grade UC commonly exhibits more pronounced pleomorphism
compared with PAC,”’ there have been cases of high-grade UC
that were indistinguishable from high-grade PAC in terms of
pleomorphism and cytologic atypia.” UC tends to grow in nests

http://dx.doi.org/10.4132/jptm.2016.06.14
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Fig. 2. Representative panel of immunohistochemical markers in most cases of urothelial adenocarcinoma. Negative immunoreactivity for
prostate-specific antigen (A), prostate-specific membrane antigen (B), prostate acid phosphatase (C), P501s (D), NKX3.1 (E), and
a-methylacyl coenzyme A racemase (F). Positive immunoreactivity for CK34BE12 (G), p63 (H), thrombomodulin (1), ST00P (J), and GATA

binding protein 3 (K).

and often shows conspicuous squamous differentiation and glassy
eosinophilic cytoplasm. In contrast, the cytoplasm of PAC is gen-
erally pale and foamy.” Additionally, the findings of focal cribri-
form glandular differentiation or infiltrating cords of cells are
more typical features of PAC than UC.> As the findings with
routine hematoxylin and eosin staining may overlap, immuno-
histochemical staining may help solve the diagnostic dilemma.’
Particularly, in poorly differentiated carcinomas involving both
the prostate and bladder without any glandular differentiation,
the pathology of the case should be evaluated immunohisto-
chemically (Table 4).

PSA, a serine protease member of the human glandular kalli-
krein family, is almost exclusively synthesized in the prostate
ductal and acinar epithelium, making it a highly specific marker
for the prostatic lineage.” However, PSA has also been reported
to be present in some non-prostatic tissue, such as the urethral,
periurethral, and perianal glands.” Extraprostatic neoplasms
that frequently express PSA include urethral and periurethral ad-

http://dx.doi.org/10.4132/jptm.2016.06.14

enocarcinoma, cloacogenic carcinoma, salivary gland pleomor-
phic adenoma, salivary duct carcinoma, and rare breast carcino-
mas.® PSA has been shown to be a highly specific marker, but
some authors suggest that there is an inverse correlation be-
tween the Gleason score and PSA staining intensity.” Previous
studies have reported that high-grade PAC that was completely
negative for PSA stain ranged from 3% to 27%.%%*'° However,
in our study, no PAC specimens were devoid of PSA expression,
including high-grade PAC, with 100% sensitivity. Therefore,
PSA expression is very useful and valuable for clarifying the pros-
tatic origin of tumors.

PSMA, a 750 amino acid type II membrane glycoprotein, is
expressed by benign and malignant prostatic epithelial cells,
with stronger staining observed in the latter."" Although PSMA
is a very specific marker of prostatic lineage, it is also expressed
in non-prostatic tissues, such as the duodenal mucosa, neuroen-
docrine cells of colonic crypts, endothelial cells of some neo-
plasms, and proximal renal tubules.'>"” Some studies have re-

http://jpatholtm.org/
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Fig. 3. (A) Prostate-specific antigen shows cytoplasmic staining of urothelial carcinoma. (B) Prostate-specific membrane antigen shows focal
cytoplasmic staining of urothelial carcinoma. (C) Prostate acid phosphatase shows positivity in urothelial carcinoma. (D) P501S shows focal
perinuclear cytoplasmic staining of urothelial carcinoma. (E) a-Methylacyl coenzyme A racemase shows weakly positive staining of urothelial
carcinoma. (F) S100P shows weak nuclear staining of prostate adenocarcinoma.

ported an inverse correlation between PSMA staining and the
Gleason score.'"'* The sensitivities of PSMA for PAC ranged
from 86.8% to 100% in various studies.”'*" In our study, the
sensitivity of PSMA in PAC (83.8%) was lower than PSA, but
its specificity (99.3%) was higher than PSA. PSMA has been re-
ported to stain 11% of urinary bladder adenocarcinomas, a fact
worth noting.'® We detected scattered patterns of positive PSMA
staining in only one from 138 cases (0.7%) of UC.

PAP is an early prostatic marker used to confirm the diagnosis
of PACS,"” and remains a specific marker for prostate tissue.

http://jpatholtm.org/

Mhawech ¢ 4l reported that 87% of high-grade PAC showed
immunopositivity for PAP and observed an inverse correlation
between the Gleason score and PAP staining. In this study, PAP
was stained in 91.9% of PAC and showed a relative lack of speci-
ficity compared with PSMA (81.2% vs 99.3%), with a more
variable staining pattern. Monoclonal antibodies to PAP have
been reported to have lower sensitivities than their polyclonal
counterparts but be more specific.” PAP staining has been known
to be consistently negative in UC,'*"” but a recent study re-
ported immunopositivity in 11.1% of UC.® Unexpectedly, we

http://dx.doi.org/10.4132/jptm.2016.06.14
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Table 3. Comparison of immunohistochemical results for high-grade PAC and high-grade UC

Variable PSA PSMA PAP P501s CK34BE12 p63 S100P GATA3
PAC
Sensitivity 47/47 (100)  39/47 (83) 43/47 (915)  44/47(936)  0/47 (0) 1/47 (2.1) 2/47 (4.3) 0/47 (0)
Specificity ~ 95/110(86.4) 109/110(99.1)  85/110(77.3) 109/110(99.1) 23/110(20.9) 27/110(24.6) 84/110(76.4) 17/110(15.5)
PPV 47/62 (75.8)  39/40(97.5)  43/68(63.2)  44/45(98.8)  0/87(0) 1/84 (1.2) 2/28 (7.1) 0/93 (0)
NPV 95/95(100) 109117 (93.2)  85/90(95.5) 109/112(97.3)  23/70(32.9)  27/73(37)  84/129(65.1)  17/64 (26.6)
uc
Sensitvity  15/110(13.6)  1/1100.9)  25/10(22.7)  1/110(09) 87410(79.1) 83/110(75.5) 26/110(23.6) 93/110 (84.5)
Specificity 0/47 (0) 8/47 (17.0)  4/47 (8.5) (6.4)  47/47(100)  46/47(97.9)  45/47(95.7)  47/47 (100)
PPV 15/62 (24.2) 1/40(25)  25/68(36.9) 1/45(22)  87/87(100)  83/84(98.8)  26/28(92.9)  93/93 (100)
NPV 0/95 (0) 8/117 (6.9) 4/89 (4.5) 3112(2.7)  47/70(671)  46/73(63)  45/129(34.9)  46/63 (74.6)

Values are presented as number (%).

PAC, prostatic adenocarcinoma; UC, urothelial carcinoma; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; PAP, prostate acid
phosphatase; GATA3, GATA binding protein 3; PPV, positive predictive value; NPV, negative predictive value.

also detected PAP staining with a scattered pattern in 26 of 138
cases of UC (18.8%).

P501s, a 553-amino acid protein located in the Golgi com-
plex, is a newer prostate-specific protein identified by a combi-
nation of high-throughput microarray screening with cDNA
subtraction."® P501s is expressed by benign and malignant pros-
tatic epithelium and has not been detected in the urothelium or
non-prostatic tissue."” P501s was reported to be expressed in 94%
of a total of observed 113 PAC cases, independent of the meta-
static status and Gleason score.'” Chuang er a/.’ reported that
P501s was expressed in all 38 high-grade PAC cases. In the cur-
rent study, P501s showed high sensitivity (93.7%) and specific-
ity (99.3%) for PAC, and only one of 138 cases of UC (0.7%) was
positive for that marker. To date, P501s expression has not been
shown in tumors except PAC, making it of great utility in dif-
ferentiating poorly differentiated PAC from high-grade UC.>'¢

NKX3.1, a prostate specific androgen regulated homeobox
gene,” is expressed in the prostatic epithelium, rare ureteral and
urothelial cells, normal testis, lobular carcinoma of the breast,
and bronchial mucous glands.”"* Gelmann ¢t 4/.” reported that
all 40 observed cases of UC were negative for NKX3.1. In the
current study, none of the 138 cases of UC was positive for
NKX3.1. The sensitivities of NKX3.1 for PAC reported in
previous studies were 92.1%, 89.5%, 87.4%, and 69.2%.**"*
This study also showed a comparable result, with 88.3% sensi-
tivity of NKX3.1 for PAC.

The AMACR, localized predominantly in peroxisomal struc-
tures, plays a critical role in peroxisomal beta oxidation of
branched chain fatty acid. Jiang e #/.** demonstrated that both
PAC and high-grade prostate intraepithelial neoplasia (HG-PIN)
consistently revealed a significantly higher expression than nor-
mal epithelium. However, AMACR expression has repeatedly
been demonstrated in HG-PIN and some benign mimickers of

http://dx.doi.org/10.4132/jptm.2016.06.14

PAC. Moreover, Kunju ¢t al.° reported that AMACR is expressed
in 36% of UC cases. In our study, AMACR was expressed in
66.7% of 111 cases of PAC and 8.7% of 138 cases of UC. AM-
ACR s less sensitive than other prostate markers for PAC and
is of limited utility in resolving the difficult problems involv-
ing both the prostate and urinary bladder.

Although PSA, PSMA, PAP, P501s, and NKX3.1 are sensi-
tive and specific markers for evaluating the prostatic origin of
tumors, lack of staining was also detected for most markers, ex-
cept PSA, in this study, at 16.2% for PSMA, 8.1% for PAP, 6.3%
for P501s, and 11.7% for NKX3.1 of 111 PAC cases. Therefore,
the lack of immunoreactivity of prostate markers in a poorly dif-
ferentiated carcinoma does not exclude the possibility of a pros-
tatic origin. In addition, false-positives were detected in UC in
five of six established prostate markers in this study, ranging from
0.7% to 18.8%), suggesting that the immunohistochemical panel
is necessary and useful to discriminate poorly differentiated high-
grade carcinomas involving both the prostate and bladder.

Many immunohistochemical stains have been investigated for
UC, but no single marker has been found to be unequivocally
diagnostic of urothelial origin. Thus, investigators have recom-
mended a panel of markers to demonstrate the urothelial origin
of tumor, such as CK34BE12, p63, thrombomodulin, ST00P,
and GATA3.

The monoclonal antibody CK34BE12, which reactive specifi-
cally against high-molecular-weight cytokeratins (CKs), includ-
ing CK1, CKS5, CK14, and CK20,” is an extremely sensitive
marker of urothelial lineage. It is reported to match the sensi-
tivity of p63 and surpass that of uroplakin III and thrombo-
modulin.*” Compared with previous studies showing sensitivi-
ties of 97.2%, 91.4%, and 65.2% for CK34BE12 in UC,**'
our study found 75.4% sensitivity in UC. It is worth noting
that CK34BE12 can label squamous epithelia, including areas

http://jpatholtm.org/
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2/35 (5.7)
0/35 (0)

38/38 (100)

0.7)
1.4)
8.7)

1/138

104/111

P501s

36/38 (94.7)

13/36 (36.1)

37/42 (88.1)

30/46 (65.2)

2/34 (5.9)

0/42 0) 33/36 (91.7)

29/35 (82.9)

29/45 (48.8)

0/40 (0)

98/111

NKX3.1

74/111

AMACR

104/138

18)

2/111

CK34BE12

p63
™

22.5

31/138
117/138

3.6)

4/111

S100P
GATA3
CK7

95.9

34/36 (944)  11/40(27.5)  39/45 (86.6) 4/34(11.8)  38/46(82.6)

4/42 9.5)

10/46 (21.7)

8/34 (23.5)

30/45 (66.6)
27/45 (60)

4/40 (10.0)
0/40 (0)

19/36 (52.8)

2/42 (4.8)

CK20

Uroplakin Il

Values are presented as number (%).

PAC, prostatic adenocarcinoma; UC, urothelial carcinoma; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; PAP, prostate acid phosphatase; AMACR, a-methylacyl coenzyme A race-

mase; TM, thrombomodulin; GATAS, GATA binding protein 3; CK, cytokeratin.

of squamous differentiation in recurrent PAC after therapy. Thus,
Parwani ez 2/.”° argued that immunopositivity for CK34BE12
restricted to areas of squamous differentiation does not exclude
the possibility of PAC.

p63, a homologue of the p53 tumor suppressor gene, encodes
at least six different proteins with a wide range of biologic func-
tions, including a role in urothelial differentiation.” Immunos-
taining for p63 is typically present in more than 90% of the nu-
clei of the normal urothelia.” Many UCs retain a pattern of p63
expression, but p63 expression may be partially lost in high-
grade UC.>* Although p63 sensitivity for UC in our study
(73.9%) was lower than that of previous studies (82.9%—
91.7%),* its specificity was 100% for UC.

Thrombomodulin, also designated CD141, is an endothelial
cell associated cofactor for the thrombin-mediated activator of
protein C.* Previous studies have shown that thrombomodulin
was immunostained in 48.8%—-68.6% of UC,” but our study
found a slightly lower expression at 45.7%.

S100P is highly expressed in the urothelial epithelium.” Hig-
gins et al.”® reported that the polyclonal antibody against S100P
labeled 85% of UC and 3% of PAC, whereas the monoclonal
antibody against S100P detected 77% of UC and 2% of PAC.
Chuang et al.” also reported that the monoclonal S100P detected
51.4% of UC and 7.9% of PAC. In our study with a monoclo-
nal antibody against S100P, 22.5% of UC and 3.6% of PAC
were stained, which was less than in previous studies.””

Although CK34BE12 and p63 have been reported to inter-
mittently label PAC in a non-basal cell distribution, thrombo-
modulin has not been reported to show cross reactivity.”*'* We
found that CK34BE12 and p63 immunostains were superior to
thrombomodulin or SI00P as differential markers of urothelial
origin. Only a few scattered cells of PAC were labeled with
CK34PE12 (1.8%) and S100P (3.6%), but no PAC was immu-
nopositive for thrombomodulin or p63 in our study.

GATA3 is a member of a zinc finger transcription factor fam-
ily that plays an important role in promoting and directing cell
proliferation, differentiation, and development.> GATA3 is a
very sensitive marker for UC, and it is also highly specific in ex-
cluding high-grade PAC.”” Chang ¢t a/.”” reported that none of
the 38 high-grade PACs was positive for GATA3. In this study,
the sensitivity of GATA3 was 0% in PAC and 84.8% in UC.
Uroplakin IIT is considered the most specific marker for urothe-
lial differentiation, but it has not received popularity due to the
lack of uniform expression in UCs.” Our study has some limi-
tations because we did not include studies of Uroplakin III.

In conclusion, prostatic markers, including PSA, PSMA, PAP,
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and P501s, are very useful for distinguishing PAC from UC.
Urothelial markers are less sensitive in identifying UC but rare-
ly stain PAC. In the current study, we found that PSA is most
sensitive prostatic marker for distinguishing PAC from UC cas-
es with high sensitivity and negative predictive value. In addi-
tion, NKX3.1 is the most specific prostatic marker for distin-
guishing PAC from UC cases with high specificity and positive
predictive value. p63 and thrombomodulin are the most specif-
ic urothelial markers for distinguishing UC from PAC cases
with high specificities. GATA3 was positive in 117 of 137 cases
of UCs and none of the 111 PACs was positive for GATA3. We
found that the best combination of immunohistochemical mark-
ers for distinguishing PAC from UC is panels consisting of
PSA, NKX3.1, p63, thrombomodulin, and GATA3. The opti-
mal combination of immunohistochemical panels of prostatic
and urothelial markers could improve the ability to establish the
pathologic diagnosis of poorly differentiated high-grade carci-
nomas involving either the prostate or urinary bladder.
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In the diagnosis of papillary thyroid carcinoma, nuclear char-

Background: There is subjective disagreement regarding nuclear clearing in papillary thyroid car-
cinoma. In this study, using digital instruments, we were able to quantify many ambiguous patho-
logic features and use numeric data to express our findings. Methods: We examined 30 papillary
thyroid carcinomas. For each case, we selected representative cancer cells showing clear nuclei
and surrounding non-neoplastic follicular epithelial cells and evaluated objective values of green
light intensity (GLI) for quantitative analysis of nuclear clearing in papillary thyroid carcinoma. Re-
sults: From 16,274 GLI values from 600 cancer cell nuclei and 13,752 GLI values from 596 non-
neoplastic follicular epithelial nuclei, we found a high correlation of 94.9% between GLI and clear
nuclei. GLI between the cancer group showing clear nuclei and non-neoplastic follicular epithelia
was statistically significant. The overall average level of GLI in the cancer group was over two
times higher than the non-neoplastic group despite a wide range of GLI. On a polygonal line
graph, there was a fluctuating unique difference between both the cancer and non-neoplastic
groups in each patient, which was comparable to the microscopic findings. Conclusions: Nuclear
GLI could be a useful factor for discriminating between carcinoma cells showing clear nuclei and
non-neoplastic follicular epithelia in papillary thyroid carcinoma.

Key Words: Image processing, computer-assisted; Light intensity; Cell nucleus; Thyroid cancer,
papillary

MATERIALS AND METHODS

acteristics are important. Among the nuclear triad composed of
clear nuclei, nuclear grooves and pseudoinclusions, nuclear clear-
ing is the most subjective and most ambiguous finding." Cur-
rently, with the use of digital instruments, we are able to quantify
many ambiguous pathologic features and express our findings
with numeric data.”® Based on a previous study that described
the meaningful data of nuclear green light intensity (GLI) in
neuroendocrine tumors,” we hypothesized that the nuclear clear-
ing of papillary thyroid carcinoma could be also expressed using
GLI because both tumors share similar nuclear features with rela-
tively homogeneous nuclei without irregular chromatin clump-
ing. We measured the GLI of cancer cells showing clear nuclei
and surrounding non-neoplastic follicular epithelial nuclei in
papillary thyroid carcinoma patients and evaluated the signifi-
cance of GLI as a discriminator between the two groups.

pISSN 2383-7837
elSSN 2383-7845

A total of 30 thyroidectomy specimens with papillary carci-
noma were retrospectively selected from the Department of Pa-
thology and Laboratory Medicine archives of the Eulji Universi-
ty Hospital. We cut formalin-fixed, paraffin-embedded tissues
into 3-pm sections, and stained all sections simultaneously with
hematoxylin and eosin using an automatic slide staining machine
under standard conditions. We reviewed the slides on an Olym-
pus BX51 microscope (Olympus Corp., Tokyo, Japan) with x40
magnification of the apochromatic objective lens and a 0.85 nu-
meric aperture. We maintained the same light source conditions
throughout the analysis. Clear nuclei were determined by two
pathologists (H.L. and M.P.). We captured digital images
(1,360% 1,024 pixels) of typical areas showing cancer cells with
clear nuclei and surrounding non-neoplastic nuclei by using an
Olympus DP71 digital camera (Olympus Corp.) and saved the
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Table 1. The number of GLI of cancer cells and non-neoplastic cells in 30 papillary thyroid carcinoma patients

Patient No. No. of cancer cells No. of GLI of cancer No. of non-neoplastic cells No. of GLI of non-neoplastic cells
20 533 16 354
2 20 542 20 470
3 20 558 20 435
4 20 485 20 443
5 20 463 20 417
6 20 372 20 377
7 20 483 20 467
8 20 433 20 378
9 20 466 20 401
10 20 497 20 342
11 20 476 20 367
12 20 423 20 415
13 20 442 20 345
14 20 452 20 380
15 20 449 20 427
16 20 546 20 434
17 20 496 20 424
18 20 635 20 428
19 20 519 20 459
20 20 537 20 455
21 20 547 20 417
22 20 521 20 414
23 20 508 20 437
24 20 575 20 425
25 20 750 20 605
26 20 623 20 662
27 20 798 20 604
28 20 760 20 692
29 20 630 20 625
30 20 755 20 658
Total 600 16,274 596 13,752

GLI, green light intensity.

images in Tagged Image File Format format. We reviewed each
digital image and removed any image that did not fulfill the
minimum requirements (bad nuclear mask, out-of-focus image,
pyknotic nucleus). For each case, we selected 20 representative
cancer cells with clear nuclei and 20 surrounding non-neoplas-
tic follicular epithelial nuclei except for case 1. For each cell, we
drew line profiles using computerized image analyzer (Image
Pro program Plus ver. 6.5, Media Cybertics Co., Silver Spring,
MD, USA) and obtained graph files and Excel data on GLIs of
consecutive pixels along the line profiles. For comparison be-
tween the two groups, statistical analysis was performed with a
nonparametric Mann-Whitney U test and p <.05 was consid-
ered significant.

RESULTS

A total of 600 cancer cell nuclei and 596 non-neoplastic fol-

http://jpatholtm.org/

© Non-neoplastic
200 - T A Cancer

4l
il
) Ittt

1 3565 7 9 111315 17 19 21 23 25 27 29

Mean GLI

Patient

Fig. 1. Plot box graph of green light intensity (GLI) of cancer cells
and non-neoplastic cells in 30 papillary thyroid carcinoma patients.
Error bar, 5th and 95th percentiles; line, central 50th percentile; tri-
angle for cancer, circle for non-neoplastic group, mean GLI.
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licular epithelial nuclei were selected from 30 papillary thyroid
carcinoma patients. The 16,274 GLI values from 600 cancer
cell nuclei and 13,752 GLI values from 596 non-neoplastic fol-
licular epithelial nuclei were studied (Table 1, Fig. 1). We sought
to determine whether GLI could be used to identify clear nuclei
of the cancer group by comparison with the non-neoplastic
group. There was a high correlation of 94.9% between GLI and
clear nuclei on the receiver operating characteristic (ROC) curve
(Fig. 2). There was a significant increase in GLI in the cancer
group (GLI median, standard deviation); with values of 51, 20
for the non-neoplastic group compared to 105, 29 for the can-
cer group, which was statistically significant (Fig. 3). On a po-

ROC curve for model
Area under the curve=0.9409

1.00

0.75 4

0.50 A

Sensitivity

0.25 |

0.00 -

0.00 0.25 0.50 0.75 1.00
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Fig. 2. High correlation of green light intensity with nuclear clearing
in receiver operating characteristic curve (ROC).
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Fig. 3. Comparison of green light intensity (GLI) between papillary
thyroid carcinoma showing clear nuclei and surrounding non-neo-
plastic follicular epithelial cells.
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lygonal line graph of an equal number of GLI from the cancer
group and non-neoplastic group in each patient, there was a fluc-
tuating difference between each patient, but there was a higher
difference in the cancer group (Fig. 4). The microscopic find-
ings of cases 9, 14, and 25 who showed more GLI difference be-
tween the two groups revealed more clear nuclei in cancer cells
(Fig. SA), whereas cases 5, 6, and 26 showed less GLI difference
between the two groups with less clear nuclei in cancer cells (Fig.
5B). Each patient showed unique identifiable patterns in both
the cancer and non-neoplastic groups.
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Fig. 4. Fluctuating difference of green light intensity (GLI) in both
cancer and non-neoplastic groups between each patient on po-
lygonal line graph (red, non-neoplastic cells; blue, cancer).
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Fig. 5. (A) Comparison of green light intensity (GLI) of cancer cells and non-neoplastic cells in case 25, which shows a large difference (left,
cancer; right, non-neoplastic cells). (B) Comparison of GLI of cancer cells and non-neoplastic cells in case 26, where there is no significant
difference (left, cancer; right, non-neoplastic cells). Note the similarity in red, green, and blue light intensities of non-neoplastic follicular epithelial

cells in panel A and B.
DISCUSSION

Nuclear examination of cells is important in pathology. Sev-
eral characteristic nuclear features of clinical significance have
been described. Hyperchromatism is an expression of increased
DNA content due to cellular proliferation and mitosis is an ex-
pression of rapid cellular division. Coffee bean-like nuclear grooves,
ground glass nuclei, and nuclear pseudoinclusions are meaning-
ful in the diagnosis for specific diseases such as papillary thyroid
carcinoma. Among those nuclear features, pseudoinclusions or
grooves are relatively objective findings with either presence or
absence documented. However, some features such as clear nu-
clei, vesicular nuclei, and homogenized nuclei are relatively sub-
jective findings and their diagnosis is subject to interobserver
variability. Many pathologists have been trying to minimize in-
terobserver variability for some time. Currently, by using a more
developed digital imaging system, we are able to translate sub-
jective and ambiguous pathologic findings into objective data.
With these data, we can reduce interobserver variability and in-
troduce a new era of data based research. Papillary thyroid carci-
noma is a well-known tumor in the sense that appropriate nucle-
ar features are essential for making the diagnosis. Among these
diagnostic nuclear features, clear nuclei are relatively subjective
and shows significant interobserver variability. Several questions
regarding clear nuclei remain, including the following. What
degree of clearance is enough for the diagnosis of clear nuclei of

http://jpatholtm.org/

papillary carcinoma? Is the level of clearing the same in usual
papillary thyroid carcinomas? Is there any recommended meth-
od to measure the clearing? Unfortunately, the recommended
and standard method for measuring nuclear clearing is not yet
known. When we considered these issues, we realized the ne-
cessity of measurable data regarding the degree and level of nu-
clear clearing. In addition to quantitative studies regarding nu-
clear morphometry characteristics such as variation in nuclear
size, irregularity in nuclear contours, and chromatin texture’’
red, green, and blue color charts have also been used to calibrate
digital graphic devices.*” A recent study described red, green,
and blue light intensities for nuclear chromatin pattern of neu-
roendocrine cells and stressed the importance of GLL.” We at-
tempted to answer the above questions by quantitatively mea-
suring objective GLI values. In the materials and methods
section, we questioned whether single line profile can be used
instead of different orientations (0°, 45°, 90°, and 135°). In a
short preliminary study (unpublished data) we could not find
big differences between those groups and in practice, it was not
easy to draw a line profile of different angles because we had to
avoid nuclear grooves and pseudoinclusions. In the results analy-
sis, by comparing the GLI between the cancer group with clear
nuclei and the non-neoplastic internal control group, we were able
to reduce the possible errors that affect digital image analysis,
namely specimen thickness, staining, and interference due to
the brightness around the line profiles. Fig. 2 shows a high con-
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cordance of 94.9% between the carcinoma groups and GLI in
the ROC curve study. Fig. 3 shows the difference in GLI between
the cancer group showing clear nuclei and the non-neoplastic
group, which was statistically significant. Based on these results,
we suggest that the presence of clear nuclei is highly correlated
with GLI and that GLI could be a meaningful discriminator
between cancer and non-neoplastic groups. Fig. 4 shows the
fluctuating difference of GLI in both cancer and non-neoplastic
groups in each case, with an even higher difference in the cancer
group. The higher fluctuation in the cancer group seems to be
related to the higher standard deviation described in Table 1. In
cases 5, 6, and 26, the GLI difference between the cancer and
non-neoplastic groups was not significant; however in cases 9,
14, and 25, the difference between the two groups was signifi-
cant. These differences in GLI were easily identified by micro-
scopic examination for clear nuclei (Fig. 5). Based on such dif-
ferences in GLI compared with the microscopic findings in each
case, we wete able to answer the second question as follows: the
level of clearing is not the same in all thyroid papillary carcino-
mas. When we considered that nuclear clearing can be related
to nuclear microfilament localization or hypochromatism in tu-

"*!" with the wide range of light intensity, the

mor progression
nuclear clearing could be an expression of gradual tumor pro-
gression rather than a sudden onset phenomenon. The patho-
genesis of a clear nucleus is not completely understood. The ef-
fects of thyroid hormone on Na/K-ATPase activity have been
studied and the functions of the Na/K-ATPase of the nuclear
envelope in ion transport and chromatin modulation have been
described."”" Therefore, the characteristic nuclear triad of pap-
illary thyroid carcinoma, which consists of nuclear grooves, pseu-
doinclusions, and clearing, can be secondary findings due to an
abnormal Na/K-ATPase affected by abnormal thyroid hormone
in papillary thyroid carcinoma. Because of the wide range of
GLI, we could not generate a diagnostically helpful cut-off val-
ue or function for the discrimination between the cancer group
showing clear nuclei and non-neoplastic group. However, with
over 30,000 GLI data points, we believe that an average level of
GLI at least two times higher in the cancer group (104.9) than
the non-neoplastic group (50.8) is meaningful. For example, in
thyroid tissue section showing big difference over two times of
GLI of each cell, although we can’t definitely discriminate be-
tween cancer cells showing clear nuclei and normal cells only by
GLI values, we could consider the possibility of papillary carci-
noma in the tissue section. Moreover we can apply these results
in cytology, where automatic screening is relatively popular.
However, there are still many problems to be solved, such as
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common nuclear clearing in autoimmune thyroiditis and prop-
er quality control and adjustment for different samples. Recent-
ly, Louis ez #/."*'” defined computational pathology as an approach
to extract clinically actionable knowledge from variable data,
including digital images, and suggested that computational pa-
thology should serve as a hub for data-related research in mod-
ern health care systems. By using newly developed information
and technology tools, we can review and reanalyze our traditional
pathologic findings and with those efforts, we can expand our
understanding of diseases and obtain more objective and repro-
ducible methods of diagnosis. In conclusion, quantitative analy-
sis of the nuclear GLI for the discrimination between cancer
cells showing clear nuclei and non-neoplastic follicular epitheli-
al cells in papillary thyroid carcinoma revealed meaningful re-
sults comparable to traditional microscopic findings. Nuclear
GLI could be a useful factor for the discrimination between these
two groups.

Conflicts of Interest
No potential conflict of interest relevant to this article was
reported.

REFERENCES

1. LiVolsi VA. Papillary thyroid carcinoma: an update. Mod Pathol
2011; 24 Suppl 2: S1-9.

2. Neltner JH, Abner EL, Schmitt FA, et al. Digital pathology and im-
age analysis for robust high-throughput quantitative assessment of
Alzheimer disease neuropathologic changes. ] Neuropathol Exp
Neurol 2012; 71: 1075-85.

3. El Hallani S, Guillaud M, Korbelik J, Marginean EC. Evaluation of
quantitative digital pathology in the assessment of Barrett eopha-
gus-associated dysplasia. Am J Clin Pathol 2015; 144: 151-64.

4. Guillaud M, Zhang L, Poh C, Rosin MP, MacAulay C. Potential use
of quantitative tissue phenotype to predict malignant risk for oral
premalignant lesions. Cancer Res 2008; 68: 3099-107.

5. Huang W, Hennrick K, Drew S. A colorful future of quantitative
pathology: validation of Vectra technology using chromogenic mul-
tiplexed immunohistochemistry and prostate tissue microarrays.
Hum Pathol 2013; 44: 29-38.

6. Kayser K, Gortler ], Goldmann T, Vollmer E, Hufnagl P, Kayser G.
Image standards in tissue-based diagnosis (diagnostic surgical pa-
thology). Diagn Pathol 2008; 3: 17.

7. Park M, Baek T, Baek J, e al. Nuclear image analysis study of neu-
roendocrine tumors. Korean J Pathol 2012; 46: 38-41.

http://jpatholtm.org/



360

8.

10.

11.

12.

o leeH, etal

Yagi Y. Color standardization and optimization in whole slide im-
aging. Diagn Pathol 2011; 6 Suppl 1: S15.

. Bautista PA, Hashimoto N, Yagi Y. Color standardization in whole

slide imaging using a color calibration slide. ] Pathol Inform 2014;
5:4.

Johannessen JV, Gould VE, Jao W. The fine structure of human thy-
roid cancer. Hum Pathol 1978; 9: 385-400.

Fischer AH, Taysavang F, Weber CJ, Wilson KL. Nuclear envelope
organization in papillary thyroid carcinoma. Histol Histopathol
2001; 16: 1-14.

Lin MH, Akera T. Increased (Na+,K+)-ATPase concentrations in

various tissues of rats caused by thyroid hormone treatment. J Biol

http://jpatholtm.org/

13.

14.

15.

16.

17.

Chem 1978; 253: 723-6.

Kamitani T, Ikeda U, Muto S, et al. Regulation of Na,K-ATPase
gene expression by thyroid hormone in rat cardiocytes. Circ Res
1992; 71: 1457-64.

Liu'Y, Levine B. Autosis and autophagic cell death: the dark side of
autophagy. Cell Death Differ 2015; 22: 367-76.

Garner MH. Na K-ATPase in the nuclear envelope regulates Na+:
K+ gradients in hepatocyte nuclei. ] Membr Biol 2002; 187: 97-115.
Louis DN, Gerber GK, Baron JM, et al. Computational pathology:
an emerging definition. Arch Pathol Lab Med 2014; 138: 1133-8.
Louis DN, Feldman M, Carter AB, et al. Computational pathology:
a path ahead. Arch Pathol Lab Med 2016; 140: 41-50.

http://dx.doi.org/10.4132/jptm.2016.05.19



Journal of Pathology and Translational Medicine 2016, 50: 361-368

hitp://dx.doi.org/10.4132/jptm.2016.06.19

H ORIGINAL ARTICLE H

CD99 Is Strongly Expressed in Basal Cells of the Normal Adult Epidermis
and Some Subpopulations of Appendages: Comparison

Gawon Choi"** . Jin Roh**
Chan-Sik Park’

'Graduate School of Medicine, University of
Ulsan College of Medicine, Seoul; 2Mizmedi
Hospital, Seoul; *Department of Pathology, Asan
Medical Center, University of Ulsan College of
Medicine, Seoul, Korea

Received: March 23, 2016
Revised: June 6, 2016
Accepted: June 19,2016

Corresponding Author

Chan-Sik Park, MD, PhD

Department of Pathology, Asan Medical Center,
University of Ulsan College of Medicine, 88
Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea
Tel: +82-2-3010-5838

Fax; +82-2-472-7898

E-mail: csikpark@amc.seoul.kr

*Gawon Choi and Jin Roh contributed equally to
this work.

CD99 is a 32-kD type I transmembrane glycoprotein encoded

with Developing Fetal Skin

Background: CD99 is a cell surface transmembrane glycoprotein expressed in various tissues.
CD99 is differentially expressed between subpopulations of each tissue and is highly expressed
in certain hematopoietic and precursor cells. However, there has been no comprehensive study
of CD99 expression in normal skin. We evaluated CD99 expression in normal human skin and
developing fetal skin. Methods: Seventy-five adult skin samples containing normal skin and eight
fetal skin samples of different gestational ages were collected. CD99 immunohistochemical stain-
ing was performed to evaluate expression pattern in adult and fetal skin samples. CD99 and
CD34 expression were compared by double immunofluorescence. Results: In normal adult skin,
CD99 was strongly expressed in the membrane of epidermal basal keratinocytes, hair follicle
bulges and outer root sheaths, and inner secretory cells of eccrine sweat glands. In fetal skin,
CD99 was not expressed on the periderm at 16 weeks of gestation but was expressed in basal
cells of fetal skin at around 19 weeks of gestation. CD99 expression became comparable to that
of the adult skin after 20 weeks of gestation. CD99 and CD34 were co-expressed in hair follicle
outer root sheaths, as seen by double immunofluorescence study. Gonclusions: This is the first
study examining CD99 expression pattern in normal adult and fetal skin. CD99 tends to be ex-
pressed in the basal/precursor cells of epidermis and in hair follicles. These results provide a ba-
sis for future investigation on functions of CD99 in the skin and provide a novel potential target for
the treatment of dermatologic lesions.

Key Words: CD99 protein; Skin; Immunohistochemistry

of T cells to inflamed mouse skin." Pathologically, CD99 is st-

by the CD99 gene and its expression has been reported in many
cell types, such as hematopoietic cells, endothelial cells, central
nervous system ependymal cells, thymocytes, granular cells of
the ovary, Sertoli cells, and pancreatic islet cells.”® CD99 expres-
sion is seen in all leukocyte lineages but is differentially expressed
with maturation and is particularly strong in immature thymic
T-lineage cells.” Other studies also demonstrated high CD99 ex-
pression in tonsillar lymphoid progenitor cells’ and in the sub-
ventricular zone of fetal brain (C.-S. Park, unpublished data),
suggesting that CD99 may play important roles in these precur-
sor cells. The functions of CD99 in cells in which CD99 was
highly expressed have been studied and they were as follows: cell
death of thymocytes and T lymphocytes,”® migration through
monocyte endothelial junctions by adhesion and diapedesis,’
cell-cell adhesion in lymphocytes,”® maintenance of cellular mor-
phology in Hodgkin and Reed/Sternberg cells,” and recruitment

pISSN 2383-7837
elSSN 2383-7845

rongly expressed in various tumors including Ewing sarcoma/
peripheral neuroectodermal tumors, T-lymphoblastic lymphoma,
and others."" CD99 is a crucial marker for the diagnosis of these
tumors.

Skin is the largest human organ and is structurally composed
of epidermis, dermis, and appendages including hair follicles, se-
baceous glands, and sweat glands (eccrine and apocrine). Micro-
scopically, cells which composing the skin showed various stages
of differentiation. The epidermis contains multiple layers of strat-
ified keratinocytes, and basally located cells are morphologically
undifferentiated. Hair follicles are cylindrical invaginations of
surface epithelium, and are composed of the innermost hair
shaft, the inner root sheath (IRS), and the outer root sheath
(ORS). The bulge, the insertion site of the arrector pilli muscle,
is the prominent epithelial protuberance of the ORS and it con-
tains basaloid cells."” Sebaceous glands have central acini, mass-
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es of rounded cells that are packed with lipid-filled vacuoles and
peripheral undifferentiated basal cells. Eccrine sweat glands
consist of a secretory portion lined with stratified cuboidal cells
and an excretory portion lined with two layers of smaller cuboi-
dal cells. Apocrine glands are large glands and secretory cells usu-
ally show cuboidal morphology with eosinophilic cytoplasm."

CD99 expression levels differ in specific subpopulations ac-
cording to cellular maturation. We identified strong CD99 ex-
pression in the basally located precursor cells of normal epider-
mis. We inferred that CD99 shows differential expression bet-
ween the epidermis and appendageal subpopulations with ma-
turation. No systemic evaluation of CD99 expression in normal
skin or the appendages has yet been published. The aim of the
present study was to evaluate CD99 expression patterns in not-
mal adult epidermis and appendages by immunohistochemistry
(IHC) and to ascertain CD99 expression in normal fetal skin dur-
ing different gestational ages. We also investigated whether mor-
phologically immature subpopulations that express CD99 cor-
relate with skin precursor cells based on previously established
marker.

MATERIALS AND METHODS

Skin samples

In this study, we retrospectively selected 75 cases of formalin-
fixed, paraffin-embedded hair-bearing adult skin samples be-
tween 2002 and 2009 at Asan Medical Center. Samples were
taken from the margins of routine surgical procedures such as
excisional biopsy or excision for benign/malignant skin lesions
that were diagnosed as following: various inflammatory lesions
with parakeratosis (n = 16), keratinocytic tumors (n = 11), benign
tumors with apocrine and eccrine differentiation (n = 14), malig-
nant tumors with follicular differentiation (n = 1), benign tumors
with follicular differentiation (n = 17), and tumors with seba-
ceous differentiation (n = 12). The rest were retrieved from ma-
ture cystic teratoma (n = 2) and normal scalp tissues biopsied for
therapeutic reasons (n = 2). To analyze CD99 expression pat-
terns in fetal skin, eight fetal skin samples were collected from
the archives of Asan Medical Center. Gestational ages of the
collected cases were 16, 17, 19 (2 cases), 20, 25, 26, and 28
weeks. All tissues were immediately fixed in 10% buffered for-
malin, and then processed in paraffin wax using standard proce-
dures. Sections were serially cut into 4-pm sections and stained
with hematoxylin and eosin for examination. The study proto-
col was approved by the Institutional Review Board (project
number 2009-440) of Asan Medical Center.

http://jpatholtm.org/

Immunohistochemical staining

All hematoxylin and eosin—stained slides were reviewed to en-
sure quality. When multiple blocks were available in a single
case, one block containing representative tissue was selected. IHC
staining for CD99 was performed using a BenchMark XT auto-
immunostianer (Ventana Medical Systems, Tucson, AZ, USA)
according to the manufacturer’s instructions and using the reag-
ents supplied with the kit. In brief, 4-pm sections were mount-
ed on silanized charged slides, dried for 10 minutes at room
temperature and then further dried for 20 minutes at 65°C. Af-
ter deparaffinization, heat-induced epitope retrieval using stan-
dard Cell Conditioning Solution 1 was performed for 24 min-
utes. Subsequently, primary anti-CD99 (1:100, clone DN16,
DiNonA, Seoul, Korea) was applied by an automated immu-
nostaining system with the UltraView DAB Detection Kit (Ven-
tana Medical Systems). Immunostained sections were counter-
stained with hematoxylin. Analysis of whole tissue section slides
stained for CD99 by THC was performed under a light micro-
scope as previously described.'*!® Lymphocytes and endothelial
cells were used as internal positive controls. The results of CD99
immunostaining were classified into the following groups: con-
sistently complete and strong membrane staining was assigned
a value ++, weak to moderate membrane staining was assigned
a value of +, variable membrane staining was assigned a value
of +/—, and no staining was assigned a value of —. Occasional cy-
toplasmic staining was minimal and weak.

Immunofluorescence assay

For immunofluorescence (IF) staining, 4-pm sections were
incubated with mouse anti-CD99 (1:200, clone DN16, DiNo-
nA) and rabbit anti-CD34 (1:10, #ab64480, rabbit polyclonal,
Abcam, Cambridge, UK) for 60 minutes at room temperature.
Sections were then incubated with tetramethylrhodamine-con-
jugated host anti-mouse IgG antibody and fluorescein isothio-
cyanate-conjugated host anti-rabbit IgG antibody for 60 minutes
at room temperature. Nuclei were stained with DAPI. Sections
incubated with the appropriate isotype control primary anti-
bodies and fluorescently labeled secondary antibodies were uti-
lized as necessary. Results were analyzed using confocal microsco-
py (Leica TCS_NP/SP, Leica Microsystems, Mannheim, Germany).

RESULTS
Basal cells showed strong CD99 expression in normal adult
epidermis

To examine the expression pattern of CD99 in epidermal ke-

http://dx.doi.org/10.4132/jptm.2016.06.19



ratinocytes, immunostaining for CD99 was performed on non-
pathologic adult skin samples (Fig. 1A). In the epidermis, cell
membranes in the basal cell layer were strongly stained (Fig.
1B), whereas the keratinocytes in the prickle cell layer just above
the basal cell layer showed markedly reduced staining and cells
in the granular and hornified layers did not express CD99. We
also identified intense CD99 expression in Langerhans’ cells in
the epidermal layer (Fig. 1B).

Basaloid cells of bulge and ORS showed strong CD99
expression in normal adult hair follicle

Infundibula of hair follicles possessed a CD99 expression pat-
tern similar to that of the epidermis. CD99 staining was strong

CD99 Expression in Normal Skin © 363

in the basaloid cells (Fig. 1C) at the bulges, and basal cells of the
follicular ORS were also strongly stained (Fig. 1D). Other sub-
populations of hair follicles showed varying immunoreactivity.
When observing CD99 staining in the central shaft of hair folli-
cles, the cuticle was negative for CD99, the lower IRS was weak-
ly positive, and the ORS was strongly positive (Fig. 1D).

CD99 was differentially expressed in subpopulations of
normal adult sweat glands and sebaceous glands

Secretory apocrine glands showed variable CD99 expression.
Relatively thin to flat cell-lined apocrine glands were negative
for CD99, but relatively tall cell-lined apocrine glands were posi-
tive for CD99. The apical luminal surfaces of both flat and tall

Fig. 1. CD99 expression in normal adult epidermis and hair follicles. (A) Overall CD99 expression pattern in normal adult skin. (B) Basal cells
of the epidermis show strong immunopositivity for CD99. Epidermal Langerhans cells are also strongly immunopositive for CD99 (arrow). (C)
Basaloid cells in the bulge, the insertion of the arrector pili muscle, show high CD99 expression. (D) In a terminal anagen hair follicle, the out-
er root sheath cells are strongly positive for CD99 stain. The inner root sheath cells are weakly positive for CD99 stain. O, outer root sheath; |,

inner root sheath.

http://dx.doi.org/10.4132/jptm.2016.06.19
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Fig. 2. CD99 expression in the normal adult sweat glands and sebaceous glands. (A) In apocrine glands, flattened lining cells are immuno-
negative for CD99 (left). Meanwhile, tall cells in apocrine glands express CD99 (right). (B) Inner small cells of eccrine glands express CD99 in
opposition to outer large cells (arrow). Apicoluminal surface of the eccrine glands are immunonegative for CD99. (C) Two layers of excretory
ductal cells are immunopositive for CD99. (D) In sebaceous glands, outer basal cells express CD99. However, mature sebocytes do not ex-

press CD99.

cell-lined glands were CD99-negative (Fig. 2A). Sectetory coils
of eccrine sweat glands are composed of outer clear cells and inner
cuboidal cells; the outer clear cells were immunonegative and
scattered inner cuboidal cells were immunopositive for CD99
(Fig. 2B). The excretory duct is composed of two-layered cuboi-
dal cells, and both layers were immunopositive for CD99 (Fig.
2C). The apical luminal surfaces of inner eccrine cells and inner
excretory ducts also lacked CD99 expression (Fig. 2B, C). In the
sebaceous glands, basal cells surrounding the sebaceous alveolus
were CD99 immunopositive, but mature sebocytes containing
central lipid droplets were immunonegative for CD99 (Fig.
2D). Cells that were positive for CD99 immunostaining in nor-
mal adult epidermis and skin appendages are summarized in
Table 1.

CD99-positive epidermal basal cells appeared in fetal skin
early in the second trimester

Eight developing fetal human skin samples were obtained
from aborted fetuses of 16-28 gestational weeks. In early stag-
es, fetal skin is called periderm and is composed of 2-3 epider-

http://jpatholtm.org/

Table 1. Summary of CD99 expression in normal adult epidermis
and skin appendages

Immunoreactivity
Epidermis Basal cells ++
Prickle cells +
Granular cells -
Horny cells (cornified cells) =
Hair follicle Bulge ++
Cortex -
Cuticle -
Inner root sheath-lower +
Quter root sheath ++
Glassy membrane -
Sweat glands
Eccrine secretory coil Inner dark cells ++°
Outer clear cells -
Apocrine secretory acinus  Secretory cells +/-2
Excretory duct Inner layer cells +2
Quter layer cells ++
Sebaceous glands Mature sebocytes -
Basal cells ++

++, consistently strong and complete membranous staining; +, consistently
weak to moderate staining; +/-, variable staining; —, negative.
°Apico-luminal surfaces are negative for CD99.

http://dx.doi.org/10.4132/jptm.2016.06.19
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Fig. 3. CD99 expression pattern during normal development of the hair follicles. (A) At 16 weeks of gestation, only mesenchymal cells
around the hair germ express CD99 (arrow). (B) CD99 positive epidermal basal cells appear at 19 weeks of gestation. Basaloid cells in the
bulge and basal cells of the outer root sheath and lower inner root sheath also express CD99. (C, D) CD99 expression pattern is identical to

that of adult skins at 20 and 25 weeks of gestation.

mal cell layers."” At 16 weeks of gestation, the periderm, includ-
ing the epidermal basal layer and hair follicle germ, was negative
for CD99, whereas mesenchymal cells around the hair germ were
strongly positive for CD99 (Fig. 3A). At 19 weeks of gestation,
the fetal epidermis and skin appendages start to resemble not-
mal adult skin; basal cell layer, intermediate cell layer, hair fol-
licles, sweat glands, and sebaceous glands appear at this stage.
CD99 was expressed in the epidermal basal cell layer, hair bulge,
ORS, and dermal papilla (Fig. 3B). At 20 and 25 weeks of ges-
tation, fetal skin is histologically similar to adult skin, showing
CD99 immunoreactivity patterns identical to those of adult skins
(Fig. 3C, D).

CD99 and CD34 were co-expressed in lower ORS cells, but
they did not co-localize
In our study, CD99 staining was particularly strongly positive

http://dx.doi.org/10.4132/jptm.2016.06.19

in immature epidermal basal cells and cells at the bulge. We
therefore compared CD99-positive subpopulations of normal
epidermis and skin appendages to CD34-positive subpopula-
tions that have been reported as cutaneous precursor cells using
double-TE. We focused on expression patterns of these markers
in the basal cells of epidermis and hair follicles. In the adult
epidermis and skin appendages, CD99 and CD34 expression
partially overlapped at the lower ORS (Fig. 4A, D). Epidermal
basal cells and basaloid cells of the bulge were CD34-negative
(Fig. 4A-C). In the 20-week-old fetal skin, CD99 and CD34
were not co-expressed in the basal cells of epidermis (Fig. 5B),
bulge (Fig. 5C), or ORS; however, mesencymal cells of dermal
papilla showed co-expression (Fig. 5A).

http://jpatholtm.org/
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Fig. 4. CD99 and CD34 expression pattern by double-immunofiu-
orescence staining in normal adult epidermis and hair follicles. (A)
Overall expression pattern of CD99 (red) and CD34 (green). Epi-
dermal basal cells (arrowhead) (B) and basaloid cells (C) in the
bulge only express CD99 but not CD34. (D) Some cells in the low-
er outer root sheath show co-expression of CD99 and CD34 (ar-
row) (horizontal section).

DISCUSSION

The aim of the current study was to examine CD99 expres-
sion in normal human skin and skin appendages; no such study
has been performed to date. Differential expression of CD99
was observed in the epidermis and appendages. We demonstrated
that CD99 was strongly expressed in the immature epidermal
basal cells, but the fully differentiated granular layer did not
show CD99 positivity in normal adult skin. This result is con-
sistent with the findings of a previous study," in which CD99
expression was evaluated in a large series of cutaneous melano-
ma samples and was described briefly as a crisp membranous
staining on normal epidermal basal cells. Our study showed that
in skin appendages, CD99 showed differential immunoreactivity

http://jpatholtm.org/

Fig. 5. CD99 and CD34 expression pattern by double-immunoflu-
orescence staining in the fetal epidermis and hair follicles at 20
weeks of gestation. (A) Overall expression pattern of CD99 (red)
and CD34 (green). Dermal papilla expresses both CD99 (red) and
CD34 (green) (arrow). (B, C) Epidermal basal cells and basaloid
cells in the bulge (arrowhead) express only CD99.

in each subpopulation. Bulge cells, basal cells of the ORS, and
eccrine inner cuboidal cells were consistently and strongly posi-
tive. However, CD99 expression was variably positive in apo-
crine secretory glands. Relatively tall cells with luminal decapi-
tation tended to be CD99-positive, but thin to flat cells without
decapitation tended to be negative. These findings suggest that
CD99 expression can differ according to cellular functional status.

Analysis of CD99 expression was also performed during dif-
ferent developmental stages of fetal skin. In fetal skin, perider-
mal cells persist until about week 21 and gradually disappear as

stratum corneum. In the early stages of epidermal development,

http://dx.doi.org/10.4132/jptm.2016.06.19



mitotic activity occurs in all the epidermal layers; however, when
differentiation begins, mitotic activity becomes restricted to the
cells of the basal layer."” Angiotensin converting enzyme (ACE),
keratin 19, Pl-integrin, and p63 were used as stem cell markers
in examining the various developmental stages of fetal skin by
double IE" The expression of ACE, B1-integrin, keratin 19, and
p63 was seen in all epidermal layers of the developing fetal skin
at 11-20 weeks of gestation. From 21 weeks of gestation onward,
their expression was mainly confined to the basal layer of epi-
dermal cells. In our study, CD99 was not seen in the periderm
at 16 weeks of gestation but was consistently expressed at 19
weeks of gestation. Based on this result, we suggest that CD99
expression precedes the expression of ACE, B1-integrin, keratin
19, and p63 in the fetal basal layer.

Based on the particularly strong CD99 expression in imma-
ture thymic T-lineage cells,” tonsillar lymphoid progenitor cells,"
and subventricular zone of fetal brain (C.-S. Park, unpublished
data), we attempted to correlate CD99 expression with imma-
ture subpopulations of epidermis and appendages. CD99 was
strongly expressed in immature basal keratinocytes. In hair fol-
licles, the bulge is a prominent epithelial protuberance of the
ORS. There is evidence for populations of stem cells located at
the basal layer of the epidermis and the hair follicle bulge. CD99
is also strongly expressed in the bulge.

According to previous reports that analyzed expression pat-
terns of various precursor markers, CD34 is more specific for the
peripheral layer of the ORS, cytokeratin (CK) 15 for bulge and
epidermal basal cells, nestin for inner portions of the ORS, CK19
for basal keratinocytes in the upper and lower third of the ORS,
p63 for the basal/suprabasal layer, hair matrix, and ORS, and
CD200 for the bulge.”* We found CD99 was more broadly ex-
pressed in the epidermis and appendages. We showed that CD34,
which was thought to have similar expressions patterns to CD99,
shows different expression by double IE In the present study,
CD34 and CD99 were only co-expressed in the lower ORS.
Therefore, we assumed that precursor cell subpopulations in the
skin are more varied than previously thought.

In conclusion, this study examined CD99 expression in not-
mal adult and fetal skin. CD99 is strongly expressed in the im-
mature epidermal basal cells in the bulge and basal cells of the
hair follicle ORS. These findings suggest that CD99 may carry
out a specific function in the structures where it is expressed.
Interestingly, CD99-expressing cell subpopulations partially
overlapped with sites harboring epidermal precursor cells. There-
fore, we present that CD99 is a unique and previously unreported
marker of epidermis and its appendages. Future studies should

http://dx.doi.org/10.4132/jptm.2016.06.19
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focus on functions of CD99 in the epidermis and its appendages
and investigate its feasibility as a novel target for the treatment
of dermatologic lesions.
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Background: A long non-coding RNA hox transcript antisense intergenic RNA (HOTAIR) is in-
volved in epigenetic regulation through chromatin remodeling by recruiting polycomb repressive
complex 2 (PRC2) proteins (EZH2, SUZ12, and EED) that induce histone H3 trimethylation at ly-
sine 27 (H3K27me3). Deregulation of c-MYC and interaction between c-MYC and EZH2 are well
known in lymphomagenesis; however, little is known about the expression status of HOTAIR in
diffuse large B-cell lymphomas (DLBCLs). Methods: The expression status of PRC2 (EZH2,
SUZ12, and EED), H3K27me3, c-MYC, and BCL2 was analyzed using immunohistochemistry (n
=231), and HOTAIR was investigated by a quantification real-time polymerase chain reaction
method (n=164) in DLBCLs. Results: The present study confirmed the positive correlation among
PRC2 proteins, H3K27me3, and ¢-MYC in DLBCLs. Expression level of HOTAIR was also posi-
tively correlated to EZH2 (p <.05, respectively). Between c-MYC and HOTAIR, and between c-
MYC/BCL2 co-expression and HOTAIR, however, negative correlation was observed in DLBCLs
(p<.05, respectively). High level of H3K27me3 was determined as an independent prognostic
marker in poor overall survival (hazard ratio, 2.0; p=.023) of DLBCL patients. High expression of
HOTAIR, however, was associated with favorable overall survival (p=.004) in the univariate analy-
sis, but the impact was not significant in the multivariate analysis. The favorable outcome of
DLBCL with HOTAIR high expression levels may be related to the negative correlation with c-
MYC expression or c-MYC/BCL2 co-expression. Gonclusions: HOTAIR expression could be one
of possible mechanisms for inducing H3K27me3 via EZH2-related PRC2 activation, and induced
H3K27me3 may be strongly related to aggressive DLBCLs which show poor patient outcome.

Key Words: Lymphoma, large B-cell, diffuse; HOTAIR; hox transcript antisense intergenic RNA;
Polycomb repressive complex2; Histone H3trimethylation at lysine 27

Long non-coding RNAs (IncRNAs) are molecules longer than
200 nucleotides that are not translated into proteins. The role
of IncRNAs is mostly unknown. Recently, several types of can-
cer-related IncRNAs have been identified and studied in the
field of translational research." According to recent studies,
some IncRNAs are involved in the epigenetic regulation of pro-
tein coding genes. Hox transcript antisense intergenic RNA (HO-
TAIR) is one of most actively studied IncRNAs. Overexpression
of HOTAIR is known to occur in various solid tumors of esopha-
gus, stomach, colon, liver, pancreas, lung, and breast and is relat-
ed to poor prognosis in those tumors.”” HOTAIR is located with-
in the homeobox C (HOXC) gene cluster on chromosomel2 and
is co-expressed with the HOXC genes. HOTAIR is involved in

pISSN 2383-7837
elSSN 2383-7845

chromatin remodeling through recruiting polycomb repressive
complex 2 (PRC2; enhancer of zeste homolog 2 [EZH2], sup-
pressor of zeste 12 homolog [SUZ12], and embryonic ectoderm
development [EED]) and then inducing histone modification
such as histone H3 trimethylation at lysine 27 (H3K27me3) at the
promoter site of protein-coding genes." Chromatin remodel-
ing and gene regulation via histone modification of the polycomb
repressive complex is known to function in the development of
embryonic stem cells as well as the development of many types
of cancers including hematologic malignancies.®’

In hematologic malignancies, especially in diffuse large B cell
lymphomas (DLBCLs) and follicular lymphomas that are the
most predominant lymphoma subtype, the deregulation of
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EZH2 methyltransferase is well known. In our previous study,
the high level of global H3K27me3 in DLBCL was associated
with poor patient prognosis.” From these findings, it was sug-
gested that HOTAIR might be involved in the PRC2-associated
induction of H3K27me3 in DLBCLs; however, an association
with HOTAIR and DLBCL has not yet been described. In the
present study, the expression status of HOTAIR was investigat-
ed in DLBCL, and the association with PRC2 and H3K27me3
was analyzed.

MATERIALS AND METHODS

Patients and clinical data

A total of 231 cases of DLBCL treated with R-CHOP (ritux-
imab, cyclophosphamide, doxorubicin, vincristine, and predni-
sone) or R-CHOP-like (with or without radiotherapy or sur-
gery) chemotherapy were selected for the study. Cases were
retrieved from the archival files from the Department of Pathol-
ogy, Severance Hospital, from 2005 to 2011. All cases were in-
dependently reviewed by two pathologists (S.0.Y. and S.H.K.)
based on current World Health Organization criteria,” and dis-
cordant cases were consulted to other expert hematopatholo-
gists. In HOTAIR expression analysis, 164 cases were selected
from the above 231 cases and investigated after quality assess-
ment of extracted RNA. Clinical data were obtained from medi-
cal records. All study protocols were performed according to
the ethical guidelines of the “World Medical Association Decla-
ration of Helsinki-Ethical Principles for Medical Research In-
volving Human Subjects.” This study was approved by the In-
stitutional Review Board of Severance Hospital.

Analysis for HOTAIR expression

Formalin fixed paraffin embedded (FFPE) tissue sections were
prepared and stained with hematoxylin and eosin, and then the
tumor areas were confirmed and marked under the microscope.
The marked areas mainly contained packed tumor cells, and the
stromal component was less than 10% of the marked area. The
unstained slides of FFPE tissues were prepared after dissecting
FFPE tissue blocks at 10-mm thickness using a microtome, and
the marked area was scraped using a scalpel blade. Generally,
three slices of tissue section per case were used for RNA extrac-
tion. Total RNA was isolated using an RNeasy FFPE Kit (Qia-
gen, Hilden, Germany) according to the supplier’s instructions.
Extracts of RNA were verified by measuring the ratios ofA260/
A280 and A260/A230 with a ND-1000 NanoDrop spectropho-
tometer (NanoDrop, Wilmington, DE, USA). Reverse tran-
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scription was performed using a QuantiTect Reverse Transcrip-
tion kit (Qiagen). The expression patterns of HOTAIR were
assayed by relative quantification using expression of the house-
keeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). Primers for HOTAIR and GAPDH were as follows:
HOTAIR (forward, 5'-AGCCAGAGGAGGGAAGAGAG-3',
reverse, 5'-TCCCGTTCCCTAGATTTTCC-3") and GAPDH
(forward, 5'-CAAATTCCATGGCACCGTCA-3"; reverse,
5'-ATCGCCCCACTTGATTTTGG-3"). Primers of HOTAIR
were designed to detect all three transcript variants (transcript
variant 1, 3, and 2). In brief, a 20 pL mixture containing 1.0 pL
of cDNA, power SYBR Green PCR Master Mix (Applied Bio-
systems, Carlsbad, CA, USA), 1.0 pL of 10 pmol/pL forward
primet, 1.0 pL of 10 pmol/pL reverse primer, and 7.0 pL of ter-
tiary distilled water was prepared. Amplification was performed
using a Step One Plus Real-Time PCR instrument (Applied
Biosystems) under the following conditions: denaturation at
94°C for 10 minutes, followed by 35 cycles of 94°C for 15 sec-
onds, 55°C for 30 seconds, and 72°C for 30 seconds (fluorescence
signal acquisition was performed at this phase). Immediately
after amplification, melting curve analysis was performed for
amplicon verification. All samples were analyzed in triplicate to
confirm reproducibility. Using the Step One Plus Real-Time
PCR System software ver. 2.1 (Applied Biosystems), the thresh-
old cycle (Ct, beginning of the polymerase chain reaction expo-
nential phase) value of amplified HOTAIR was normalized ver-
sus that of amplified GAPDH (2°“). After quality assessment
of extracted RNA and expression analysis of the housekeeping
gene GAPDH, 164 cases were finally selected for the analysis of
HOTAIR exptession. Normal palatine tonsil tissue was obtained
from 10 cancer-free individuals and used as age-matched cancer-
free controls. The cutoff value for high expression of HOTAIR
(HOTAIR"®") was determined at the uppermost value among
those of normal control tonsil tissues.

Tissue microarray preparation, immunohistochemistry, and
analysis

The hematoxylin and eosin slides were reviewed and two rep-
resentative core tissues of the tumor area were selected in each
case. Core tissues (3 mm in diameter) were taken from the indi-
vidual donor blocks and arranged in new recipient tissue micro-
array paraffin blocks using a trephine apparatus. Immunohisto-
chemical staining and iz situ hybridization were performed on
4-pm tissue microarray tissue sections. Immunohistochemistry
of EZH2 (1:100, Invitrogen, Carlsbad, CA, USA), SUZ12 (1:50,
Abcam, Cambridge, UK), EED (1:1,000, Abcam), H3K27me3
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(1:100, clone C36B11, Cell Signaling Technology, Beverly, MA,
USA) was performed using the Ventana BenchMark XT Auto-
stainer (Ventana Medical Systems, Tucson, AZ, USA). Immuno-
histochemistry for ¢-MYC (1:50, clone Y69, Abcam), BCL2
(1:50, Novocastra, Newcastle, UK), CD10 (1:100, Novocastra),
BCL6 (RTU, Novocastra), and MUM1 (1:200, Cell Marque,
Rocklin, CA, USA) was performed using the LEICA BOND-
IIT Autostainer (Leica Biosystems, Newcastle Upon Tyne, UK).
For in situ hybridization for Epstein-Barr virus (EBV), the IN-
FORM EBER probe (Ventana Medical Systems) was used with
the Ventana BenchMark XT Autostainer (Ventana Medical Sys-
tems) and ISH iVIEW Blue Detection kit (Ventana Medical Sys-
tems).

For EZH2, SUZ12, EED, and H3K27me3, staining intensity
(0, no staining to weak; 1, moderate to strong) and proportion
of positive tumor cell nuclei (0, < 10%; 1,>10% and <75%; 2,
>75%) were semiquantitatively graded as in the previous study.®
Based on the intensity multiplied by proportion, the protein ex-
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pression was scored as low (0), intermediate (1), or high level (2).
For CD10, BCL6, and MUMI, the positive cutoff value was de-
termined according to the Hans classification criteria'’ and was
considered positive if >30% of the tumor cells showed nuclear
immunoreactivity for BCL6 and MUMI, and if >30% of cells
showed membranous reactivity for CD10. Determination of the
germinal center B-like (GCB) or non-GCB phenotype was based
on the Hans algorithm 10.

For ¢-MYC and BCL2, staining intensity (0, no staining to
weak; 1, moderate to strong) and areas of positive tumor cell nu-
clei by 10% increments (1 of < 10% to 10 of 90%-100%) were
semiquantitatively graded. The cutoff value for high expression
was determined by log-rank tests (Mantel-Cox) for overall sur-
vival as in the previous report, and the threshold value was de-
termined for c-MYC at a score 24 (240% of tumor cells with
moderate to strong expression), and BCL2 at a score 27 (>70%
of tumor cells with moderate to strong expression).''* For EBV

in situ hybridization, the threshold value was determined when

Fig. 1. A case of DLBCL with HOTAIR"™" (A-F) shows the various expression pattern of c-MYC (A), EZH2 (B), SUZ12 (C), EED (D), global

H3K27me3 (E), and BCL2 (F). In a DLBCL case of HOTAIR"™" (A-F), many PRC2 protein (EZH2, SUZ12, and EED)-positive tumor cells show
no expression of c-MYC and no mark of H3K27me3. BCL2 was negative in this case. DLBCL, diffuse large B-cell ymphoma; HOTAIR, hox
transcript antisense intergenic RNA; EZH2, enhancer of zeste homolog 2; SUZ12, suppressor of zeste 12 homolog; EED, embryonic ecto-
derm development; PRC2, polycomb repressive complex 2.
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>10% of the tumor cells showed moderate to strong nuclear
expression.

The features of expression of polycomb repressive complex
proteins (EZH2, SUZ12, and EED), H3K27me3, c-MYC, and
BLC2 in HOTAIR"™®" or HOTAIR"™ cases are presented in Fig. 1.

Statistical analysis

The t test and chi-square test were used to analyze the differ-
ences between the variables examined. Overall survival times
wete measured from the date of lymphoma diagnosis to the date
of death or last follow-up visit. Patient survival rates were deter-
mined using the Kaplan-Meier method, and the differences in
survival rates were compared using the log-rank test. Multivari-
ate analysis was performed using the Cox proportional hazards
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model. A two-sided p-value <.05 was considered to be statistical-
ly significant. When a two-sided p-value was <.05 and <.10, a
trend toward statistical significance was considered. All statisti-
cal analyses were carried out using SPSS software ver. 20.0 for
Windows (IBM Corp., Armonk, NY, USA).

RESULTS

The relations among PRC2 proteins, H3K27me3, c-MYC,
BCL2, and HOTAIR

The DLBCL cases frequently showed high expression of
PRC2 proteins and H3K27me3 (28.9%, 47.1%, 74.3%, and
35.7% for EZH2" SUZ12"" EEDMeh and H3K27me3"™",
respectively). High expression of all PRC2 proteins (EZH2"¢"/
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Fig. 2. (A) The DLBCL cases frequently show high expression of PRC2 proteins (EZH2, SUZ12, and EED), high expression of all PRC2 pro-
teins (EZH2M"/SUZ12"/EED", and high H3K27me3 level. (B) When compared to cases without high H3K27me3 expression (low H3K-
27me3), those with high H3K27me3 expression more frequently show high expression of EZH2, SUZ12, EED, and all PRC2 (EZH2""/SU-
Z12""/EED""), (C) When compared to cases without high c-MYC expression (low ¢-MYC), those with high ¢c-MYC expression more
frequently show high expression of EZH2, SUZ12, EED, all PRC2 (EZH2""/SUZ12""/EED""), H3K27me3, and BCL2. (D) The expression
level of HOTAIR is significantly higher in cases with high EZH2 expression than those without high EZH2 expression (low EZH2). DLBCL, dif-
fuse large B-cell ymphoma; HOTAIR, hox transcript antisense intergenic RNA; EZH2, enhancer of zeste homolog 2; SUZ12, suppressor of
zeste 12 homolog; EED, embryonic ectoderm development; PRC2, polycomb repressive complex 2. *p<.05, *p<.001.
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SUZ12"¢"/BED"#") was noted in 16.1% of cases (Fig. 2A). The
expression of H3K27me3 was positively correlated to PRC2
markers. When compared to cases of H3K27me3"", those of
high H3K27me3 expression more frequently showed high ex-
pression of EZH2 (41.2% vs 22.2%, p = .003), SUZ12 (62.5%
vs 43.0%, p = .053), EED (88.6% vs 69.7%, p = .026), and all
PRC2 (EZH2""/SUZ12""/BED"¢") (32.3% vs 11.3%, p=.005).
These results are summarized in Fig. 2B.

The expression of c-MYC was positively correlated to PRC2
markers and H3K27me3. When compared to cases of -MY-
C"", those of high c-MYC expression more frequently showed
high expression of EZH2 (39.1% vs 24.6%, p = .036), SUZ12
(72.2% vs 32.1%, p < .001), EED (85.7% vs 66.7%, p=.011),
all PRC2 (EZH2"¢"/SUZ12"¢"/EED"*") (26.4% vs 9.5%, p =
.009), and H3K27me3 (40.6% vs 21.2%; p = .004). BCL2 was
positively correlated with -MYC (49.3% vs 26.8%; p =.002).
These results are summarized in Fig. 2C. BCL2 expression
showed no significant correlation with the tested PRC2-related
markers.

The expression level of HOTAIR was significantly higher in
cases of EZH2"$" than those of EZH2"" (mean ratio value, 207
vs 66; p=.027) (Fig. 2D). For other markers, no statistical signif-
icance was observed according to HOTAIR expression level.

HOTAIR expression in in relation to clinicopathological
variables of DLBCL

In the present study, 23.8% of cases (39/164) showed high
HOTAIR expression levels (HOTAIR""). In the correlation
analysis between HOTAIR"" and clinicopathological character-
istics of DLBCL (Table 1), high expression of ¢-MYC protein
was less frequent in HOTAIR"" than in HOTAIR (p = .037).
The rate of co-expression of c-MYC and BCL2 was significantly
lower in HOTAIR"" than in HOTAIR"" (p = .015). Other clini-
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copathological factors including EBV (p = .660) and Hans clas-
sification (p = .746) showed no significant correlation with HO-
TAIR expression (Table 1).

Clinical significance of RNA and protein expression

In univariate analysis for overall survival of DLBCL patients
(Table 2), the known prognostic factors including age > 60 (p <
.001), Eastern Cooperative Oncology Group performance status
>2 (p<.001), elevated lactate dehydrogenase (p <.001), extra-
nodal sites >2 (p=.001), Ann-Arbor stage III-IV (p =.003), and
International Prognostic Index (IPI) risk >3 (p <.001) showed
significant association with reduced overall survival rate. Expres-
sion of c-MYC and co-expression of c-MYC/BCL2 were also re-
lated to inferior overall survival rate (p =.032 and p = .006, re-
spectively). Among the PRC pathway markers (EZH2, SUZ12,
EED, and H3K27me3), SUZ12"¢" and H3K27me3"s" were re-
lated to inferior overall survival rate (p =.028 and p =.010, re-
spectively) (Fig. 3A, B). HOTAIR™®", however, was significantly
related to superior overall survival rate than HOTAIR™ (p =
.004) (Fig. 30).

In multivariate analysis (Table 2), H3K27me3"*" revealed an
independent effect on poor overall survival (hazard ratio, 2.0; p =
.023). IPI risk >3 was still determined as an independent prog-
nostic factor (hazard ratio, 3.5; p <.001), while HOTAIR"*"
showed a tendency to be related to improved survival with
marginal significance (hazard ratio, 0.5; p =.086).

DISCUSSION

In our previous study, high level of global H3K27me3 was
found to be a negative prognostic indicator in patients with
DLBCL.® This subsequent study aimed to explore the role of
HOTAIR, possibly functioning via induction of H3K27me3. We

g 1.0 g 1.0 g 1.0

R s 10r € 10r ,

=1 =] S HOTAIR"" (n=38

2 08| SUZ12% (1=73) 2 08 H3K27me3° (n=142) 2 08| (=39

© © ©

S 06 T 06 S 06

s} ] ) s}

§ 04 + SUZ12bh (n=65) E 0.4 - H3K27me3"s" (n=78) “i 04 | HOTAIR®" (n=123)

= 02 E 02} = 02

3 0o | P02 3 o0 | P=010 E 00 | P=004

e ' T T T T T T 9 : T T T T T T e . T T T T T T

a 0 20 40 60 8 100 0 20 40 60 8 100 & 0 20 40 60 80 100
Time (mo) o Time (mo) e Time (mo) O

Fig. 3. Overall survival based on SUZ12 (A), H3K27me3 (B), and HOTAIR expression (C). High expression of SUZ12 (SUZ12"") and H3K-
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Table 1. Clinicopathological characteristics, relation to outcome, and association with HOTAIR level in DLBCL patients

HOTAIR
Variable No. (%) (n=164) p-value
HOTAIR" HOTAIR"

Sex
Male 98 (59.8) 73 (68.4) 25 (64.1) 526
Female 66 (40.2) 52 (41.6) 14 (35.9)

Age (yr)
<60 94 (57.3) 69 (65.2) 25 (64.1) 326
>60 70 (42.7) 56 (44.8) 14 (35.9)

ECOG performance status?
<2 132 (80.5) 96 (76.8) 36 (92.3) .033
>2 32 (19.5) 29 (23.2) 3(7.7)

Ann-Arbor stage®
-l 89 (54.6) 63 (50.8) 26 (66.7) .083
(=% 74 (45.4) 61 (49.2) 13 (33.3)

Extranodal sites?
<2 108 (66.3) 81 (65.3) 27 (69.2) 653
>2 55 (33.7) 43 (34.7) 12(30.8)

Lactate dehydrogenase®
Normal 90 (55.2) 65 (52.4) 25 (64.1) 201
Elevated 73 (44.8) 59 (47.6) 14 (35.9)

IPI risk group? 79 (63.7) 28 (71.8) 354
0-2 107 (65.6) 45 (36.3) 11(28.2)
3-5 56 (34.4)

Hans classification®
GCB 44(28.0) 32 (27.1) 12(30.8) 660
Non-GCB 113 (72.0) 86 (72.9) 27 (69.2)

EBV
Negative 132 (88.0) 98 (87.5) 34 (89.5) 746
Positive 18 (12.0) 14 (12.5) 4(10.5

BCL22
Negative expression 84 (568.7) 58 (54.7) 26 (70.3) .098
Positive expression 59 (41.3) 48 (45.3) 11 (29.7)

c-MYC?
Negative expression 92 (62.2) 63 (57.3) 29 (76.3) .037
Positive expression 56 (32.8) 47 (42.7) 9(23.7)

c-MYC/BCL2#
No co-expression 110 (77.5) 76 (72.4) 34 (91.9) 015
Co-expression 32 (22.5) 29 (27.6) 3(8.1)

Values are presented as number (%).

HOTAIR, hox transcript antisense intergenic RNA; DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative Oncology Group; IPI, International

Prognostic Index; GCB, germinal center B-like; EBV, Epstein-Barr virus.
gnformation not available in some cases.

found the positive correlation between PRC2 proteins, global
H3K27me3 levels, and c-MYC in DLBCL as expected.

In the present study, the positive correlation among PRC2
proteins (EZH2, SUZ12, and EED), global H3K27me3 levels,
and ¢-MYC was also confirmed in DLBCL as expected. In addi-
tion, HOTAIR expression was related to EZH?2 expression. These
findings could support that the IncRNA HOTAIR may be in-
volved in inducing H3K27me3 through recruiting polycomb
repressive complex, the methyltransferase EZH2 and core ac-
cessory proteins, SUZ12 and EED.

http://jpatholtm.org/

Based on many other studies, interaction between ¢-MYC
and PRC2 (EZH2, SUZ12, and EED) is well known in the tu-
morigenesis of various cancer types including lymphomas. Pro-
tein c-MYC interacts with EZH?2 as well as SUZ12/EED, and
they induce the histone modification of H3K27me3 on the pro-
moter of target genes, which then represses gene expression.
Many other studies have shown that EZH2 and ¢-MYC activate
each other." From the present findings, it could be also sug-
gested that c-MYC may be the possible mechanism for induc-
ing H3K27me3 via PRC2-related pathways in DLBCLs.
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Table 2. Cox proportional hazard analyses of overall survival
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Variable Category Univariate analysis Multivariate analysis HR 95% Cl
p-value p-value
Age >60 vs <60 <.001 - - -
ECOG PS >2vs <2 <.001 - - -
Ann-Arbor stage -1V vs IHI .003 - - -
Extranodal sites >2vs <2 .001 = = =
Lactate dehydrogenase Elevated vs normal <.001 - - -
IPI'risk group 3-5vs 0-2 <.001 <.001 3.5 1.9-6.3
Hans classification Non-GCB vs GCB 16 - - -
EBV Positive vs negative 611 = = =
BCL2 Positive vs negative .076 - - -
c-MYC Positive vs negative .032 - - -
c-MYC/BCL2 Co-expression vs No co-expression .006 528 1.2 0.6-2.4
EzH2 High vs non-high .883 = = =
Suz12 High vs non-high .028 183 15 0.8-2.7
EED High vs non-high .25 - - -
H3K27me3 High vs non-high .01 .023 2 1.1-3.6
HOTAIR High vs non-high .004 .086 0.5 0.2-1.1

HR, hazard ratio; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; IPI, International Prognostic Index; EBV, Ep-
stein-Barr virus; EZH2, enhancer of zeste homolog 2; SUZ12, suppressor of zeste 12 homolog; EED, embryonic ectoderm development; HOTAIR, hox tran-

script antisense intergenic RNA.

In other studies of solid tumors originating from various or-
gans, high expression of HOTAIR showed a close association with
poor prognosis.” In the present study, however, high levels of
HOTAIR expression showed an association with good prognosis
in DLBCL, although the impact was not significant in the mul-
tivariate analysis. There are no comparable reports to support the
present findings because this is the first study for the expression
status of HOTAIR in hematologic malignancies.

Although interaction between c-MYC and HOTAIR has not
been established in hematologic malignancies, a close relation-
ship between them may be plausible when considering the close
association of PRC2 and HOTAIR, and PRC2 and c-MYC.
However, expression of c-MYC showed a negative correlation
with HOTAIR in the present study. One of the possible reason
is autoregulation of ¢-MYC reported in one study; c-MYC re-
presses itself via forming autoregulatory loops with EZH>"
therefore, HOTAIR might be involved in that process via EZH2.
Whether HOTAIR expression is directly linked to the suppres-
sion of c-MYC or H3K27me3 should be investigated in further
functional studies. In the HOTAIR-related suppression of c-
MYC, PRC2-associated histone modification (H3K27me3)
might be induced in the promoter region of -=MYC gene. For
confirmation of this possible modulation, further study should
be followed.

The favorable outcome of DLBCLs with high HOTAIR expres-
sion might be associated with the negative correlation with c-
MYC and/or BCL2. Recent evidence has shown that co-expres-

http://dx.doi.org/10.4132/jptm.2016.06.06

sion of c-MYC and BCL2 proteins is associated with poor prog-
nosis in DLBCL patients regardless of gene signature.'"'* This
was also observed in the present study in the univariate survival
analysis. When the factor of HOTAIR expression was added in
the multivariate analysis; however, the prognostic effect of co-
expression of c-MYC and BCL2 became weak, and only the fac-
tor of high H3K27me3 level was important as well as the IPI
risk score. H3K27me3, the chromatin modification status in-
duced via changes of HOTAIR, c-MYC, or other various known
and unknown mechanisms, seems to be the most important fac-
tor in determining the fate of disease aggressiveness of DLBCL.
Though little is known about the key role of HOTAIR in the ma-
lignant lymphoma, HOTAIR might be involved in regulation
of various genes in the lymphomagenesis. Further study should
follow to determine the explicit mechanism among the sophisti-
cated modulatory networks of -MYC, PRC2, H3K27me3, and
HOTAIR.

Recent evidence has shown that inhibition of EZH2 methyl-
transferase activity provides a potential target therapy for EZH2-
deregulated lymphomas. In addition, the pharmacological inhi-
bition of EZH2 activity results in a decrease of global H3K27me3
levels and a reactivation of silenced PRC2 gene targets, and it in-
hibits growth of DLBCL cells."*"” From these overall findings as
well as the present findings, HOTAIR may also be used in a tar-
get therapy by modulating the c-MYC-EZH2/PRC2 loop in a
subset of DLBCLs with a high level of H3K27me3.

In conclusion, we found frequent expression of PRC2 pro-

http://jpatholtm.org/
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teins and H3K27me3 and positive correlation between these
proteins and c-MYC in DLBCLs. High expression of H3K27me3
was determined as an independent predictor of poor prognosis,
however, HOTAIR was associated with favorable overall surviv-
al, which can be partly explained by negative correlation with
¢-MYC. LacRNA HOTAIR expression could be one of the pos-
sible mechanisms to be involved in aggressive behavior of DLB-
CL via induction of H3K27me3 and EZH2-related PRC2 acti-

vation.
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a Role in the Antitumor Effect?

Background: Papillary thyroid carcinoma (PTC) is frequently accompanied by lymphocytic thy-
roiditis (LT). Some reports claim that Hashimoto’s thyroiditis (the clinical form of LT) enhances the
likelihood of PTC; however, others suggest that LT has antitumor activity. This study was aimed
to find out the relationship between the patterns of helper T cell (Th) cytokines in thyroid tissue of
PTC with or without LT and the clinicopathological manifestation of PTC. Methods: Fresh surgical
samples of PTC with (13 cases) or without (10 cases) LT were used. The prognostic parameters
(tumor size, extra-thyroidal extension of PTC, and lymph node metastasis) were analyzed. The
mRNA levels of two subtypes of Th cytokines, Th1 (tumor necrosis factor o [TNF-a], interferon v
[IFN-v ], and interleukin [IL] 2) and Th2 (IL-4 and IL-10), were analyzed. Because most PTC cases
were microcarcinomas and recent cases without clinical follow-up, negative or faint p27 immuno-
reactivity was used as a surrogate marker for lymph node metastasis. Results: PTC with LT cases
showed significantly higher expression of TNF-a (p =.043), IFN-y (p <.010), IL-4 (p=.015) than
those without LT cases. Although the data were not statistically significant, all analyzed cytokines
(except for IL-4) were highly expressed in the cases with higher expression of p27 surrogate
marker. Conclusions: These results indicate that mixed Th1 (TNF-o, IFN-y, and IL-2) and Th2 (IL-
10) immunity might play a role in the antitumor effect in terms of lymph node metastasis.

Key Words: Thyroid cancer, papillary; Cytokines; Cyclin-dependent kinase inhibitor p27; T-lympho-
cytes, helper-inducer; Neoplasm metastasis; Lymphocytic thyroiditis

The annual incidence of thyroid cancer is variable across the
globe; for males, 1.2-2.6 per 100,000 and for females, 2.0-3.8
per 100,000. The Unites States, Japan, Sweden, and France
have higher than average incidence rates."” In South Korea, the
incidence of thyroid cancer is 0.88 per 100,000 in males and
6.68 per 100,000 in females. Among thyroid cancers, papillary
thyroid carcinoma (PTC) is the most common (83.8%).” Hence,
the etiology, prognosis, and pathophysiology of PTC have been
investigated extensively in research studies. Current studies fo-
cus on the molecular pathology (such as the roles of E-cadherin,
c-Met, and epidermal growth factor receptor) and genetic alter-
ations (such as RET/PTC, TRK, BRAF, and p53) of PTCs."

pISSN 2383-7837
elSSN 2383-7845

Most PTC cases are indolent and seldom behave aggressively,
where aggressive behavior is characterized with frequent recur-
rences and metastases.” Shibru ¢f #/.° maintain that patients over
the age of 45, with elevated expression levels of both cyclooxy-
genase 2 and vascular endothelial growth factor C, have a more
aggressive PTC. Including this study, there have been many at-
tempts to find prognostic factors for PTC. For instance, Kebe-
bew ¢ al.” has recently found that BRAF mutations are signifi-
cantly associated with the aggressive behavior of thyroid cancer.

There have been many attempts to develop therapeutic vac-
cines for cancer.” Despite the many research studies on cancer
immunotherapy, the role of immunity in the biological behavior
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of PTC is still poorly understood. Among the limited data col-
lected on the influence of immunity on PTC behavior are find-
ings indicating an association between the immunity and the
good prognosis in cases of PTC concomitant with Hashimoto’s
thyroiditis (HT) or lymphocytic thyroiditis (LT).>'

It is traditionally assumed that tumor growth is suppressed
by T-helper 1 cell (Th1) immunity and supported by T-helper
2 cell (Th2) immunity. However, even Th2 immunity can pro-
mote antitumor activity.'" Thl immunity activates cytotoxic
CD8+ T lymphocytes (CTLs). Although CTLs can acquire anti-
tumor immunity, some tumor cells escape CTL immune surveil-
lance and survive. Hence, from a practical point of view, Thl
predominance in itself does not represent antitumor immunity.
Th2 immunity provokes a humoral immune reaction, i.e., the an-
tibody-synthesizing immunity. While components of the Th2
immunity, such as B cells and interleukin (IL) 10, make favorable
conditions for tumor growth, tumor-infiltrating granulocyte-
linked Th2 immunity promotes antitumor activity.""

Although there are relatively few reports about Th immunity
and PTC, one by Mardente et #/."* reported that a Th cytokine
pattern from the peripheral blood of a patient with PTC with
chronic LT has a predominantly Th2 immune reaction or mixed
cell response. Intrathyroidal lymphocytes in HT are composed
of both B cells and T cells, the majority of them are CD8+ T
cells, which are cytotoxic to thyroid follicle cells."”” PTCs are of-
ten associated with chronic LT and HT: for instance, Shull ¢ 2/
demonstrated that diffuse LT is associated with PTC without
therapeutic histories. In addition, Mauras ez a/.” reported three
cases of thyroid cancer with HT that did not have recurrent dis-
ease after a thyroidectomy. Therefore, it is difficult to determine
which Th subtype immunity has superior antitumor activity
over the other.

Several clinical trials have been conducted to induce cytotoxic
immunity against thyroid cancers. Amino e #/."° used saline ho-
mogenates of thyroid tumors, and Gerfo ¢t /. applied chemical-
ly altered thyroglobulins, but the clinical efficacy of these thera-
pies have not been proven yet.

In the present work, we analyzed the pattern of Th immunity
and investigated its relationship to the clinicopathological mani-
festation of PTC. With the current ease of early detection of
PTGs, cases of advanced tumor stages are rare. Hence, we used a
surrogate immunohistochemical marker, p27, to represent the
possibility of lymph node metastasis, for it has been known that
p27 expression is low in metastasizing PTC."®

http://jpatholtm.org/

MATERIALS AND METHODS

Case materials

After Institutional Review Board (IRB) approval (protocol No.
08-0194), 23 patients from the Department of Pathology, Gang-
nam Severance Hospital, were enrolled in this study. The patients
ranged in age from 35 to 59 years old, with a mean age of 47.
Fresh surgical samples of PTC with (13 cases) or without (10 cas-
es) LT were collected from the records in the Department of Pa-
thology with the patients’ agreement and the formal permission
of the IRB. The prognostic parameters (tumor size, extra-thy-
roidal extension of PTC, and lymph node metastasis) were ana-
lyzed. Among the subtypes of PTC samples in this group, 21
were of the most conventional type and two cases were follicular
variants. The fresh thyroid tissues were divided into PTC and
nontumor portions and sampled separately. The nontumor por-
tions were used for measuring the mRNA quantities of the cy-
tokines, and the PTC portions were subject to immunohistochem-
ical staining of CIP1 (p21)/KIP1 (p27) for protein exptession
analysis, as described in more detail in later section.

Measurement of cytokine expression levels in the thyroid
tissue

The nontumor portions of the patient samples were used to
measure the mRNA levels of the following cytokines: tumor
necrosis factor ol (TNF-a), interferon Y (IFN-Y), IL-2, IL-4, IL-10,
and IL-1P. The 13 cases with concomitant PTC and LT were re-
ferred to as the objective group, and the 10 cases of PTC without
LT were used as a reference or control group. Quantitative real-
time polymerase chain reaction (PCR) was performed according
to the manual of LightCycler 480 Real-Time PCR System (Roche
Applied Science, Manheim, Germany).

The reference gene value (actin and 185 RNA) and IL-1f value
were measured in every sample. Although it is known to be
meaningless to compatre the levels of cytokines from the same
specimen, the expressed cytokine levels could be ranked and
compared in this research via a quantitative real-time PCR meth-
od. Using the concept of relative quantification, the cytokine
values were corrected for differences in quality and quantity by
dividing the concentration of a target RNA by the concentration
of a reference RNA in the same sample (relative ratio = concen-
tration of target/concentration of reference). The most common
way to compare expression levels of different samples is to desig-
nate one of the samples as calibrator, where all other samples are
compared to this calibrator. For normalization of the final re-
sults, the target/reference ratio of each sample is divided by the

http://dx.doi.org/10.4132/jptm.2016.07.25



target/reference ratio of the calibrator sample: calibrator normal-
ized ratio = (sample; concentration of target/concentration of refer-
ence)/(calibrator; concentration of target/concentration of refer-
ence).” In the present work, we applied the constitutively-expressed
cytokine, IL-1B, as the calibrator. There were cytokine values
expressed as “not detected.” This means that the reference gene
was calculated, but the target gene could not be detected de-
spite many PCR amplification processes. In these cases, we ad-
justed these “not detected” values to zero (0).

Immunohistochemistry

The immunohistochemistry (IHC) of the p27 protein expres-
sion in the PTC tumor tissue from all 23 cases was analyzed us-
ing paraffin-embedded tissue. Formalin-fixed paraffin-embed-
ded sections (3 pm thick) were dewaxed in xylene and rehydrated
through graded alcohols to water. Endogenous peroxidase activ-
ity was blocked in 3% hydrogen peroxide. Antigen retrieval was
performed in citrate buffer (pH 6.0) within a microwave pressure
cooker, and endogenous biotin detection was blocked with the
Avidin-Biotin blocking kit (Vector Laboratories Inc., Burlin-
game, CA, USA).

Optimum primary antibody dilutions were predetermined,
and appropriate positive control samples (tissues known to be
positive for the immunohistochemical marker) and negative con-
trol samples (test tissue sections without the addition of primary
antibody) were used for p27 (Novocastra, Newcastle upon Tyne,
UK). The primary antibody incubation was diluted at 1:200 for
1 hour. After incubation, the slide was washed with phosphate
buffered saline, and a secondary incubation was carried out with
biotin anti-mouse/anti-rabbit IgG followed by streptavidin-
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HRP (Signet Pathology System, Dedham, MA, USA) for 30
minutes. The immunoreaction was revealed by incubation in
3-amino-9-ethylcarbazole. The slides were counterstained with
hematoxylin and mounted in balsam.

When p27 immunoreaction was interpreted, only the nuclear
staining on PTC cells was regarded as positive. Its measurement
was evaluated by the following two-tiered grading system: low
grade (negative staining or faint staining in less than 30% of the
tumor cells) and high grade (positive staining in more than 30%
of the tumor cells) (Fig. 1).*” Nuclear p27 immunoreactivity was
considered altered when the expression was less than 30% of
previously published, clinically relevant levels. In 21 cases, the
results of IHC were summarized in two groups: the cases with LT
(n=13) and the cases without LT (n = 8). Two cases were not per-
formed, for the THC sections for p27 were devoid of tumor tissue.

Statistical analysis

The Pearson chi-square test was used to examine the relation-
ships of cytokines (TNF-0, IFN-Y, IL-2, IL-4, IL-10, and IL-
1B) and p27 expression with the clinicopathological characteris-
tics. All reported p-values were 2-sided, and the significance was
set at .05. All statistical tests were performed with SPSS ver. 17.0
(SPSS Inc., Chicago, IL, USA).

RESULTS
Clinical manifestations and histopathological findings

PTC with LT (n=13)
The subtypes of the PTCs with LT were determined to be the

Fig. 1. p27 immunoreactivity (nuclear staining) on papillary thyroid carcinoma cells. Two-tiered grading system reveals a low grade (A, nega-
tive staining or faint staining less than 30% of tumor cells) and a high grade (B, positive staining more than 30% of tumor cells).

http://dx.doi.org/10.4132/jptm.2016.07.25
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most conventional (11/13, 84.61%), and those of only two cases
were follicular variants (2/13, 15.38%). The tumor sizes ranged
from 0.2 to 1.1 cm, with an average of 0.55 cm. Of the 13 cases
of this type, six cases showed extrathyroidal tumor extension
(ET) (6/13, 46.15%), and two cases presented with lymph node
metastasis (2/13, 15.38 %).

PTC without LT (n=10)

The subtypes of the PTCs with LT were all conventional
(10/10, 100%). Three cases with ET were present (3/10, 30%).
Tumor sizes ranged from 0.1 to 1.5 cm, with an average of 0.61

cm. There were three cases with lymph node metastasis (3/10,

30%).

Cytokine immune profiles

In all 23 cases, the cytokine immune profiles were summa-
rized into two groups: the cases with LT (n = 13) and the cases
without LT (n = 10). The cytokines could have originated from

inflammatory cells, thyroid tissue, and endothelial cells. In this
research, the tissues were from the thyroid tissue near PTC.

PTC with LT (h=13)

After manipulating the data using the concept of a calibrator
with IL-1B, each sample of PTC with LT was compared (Table
1). Among the six cytokines analyzed, TNF-0, IL-4, and TFN-Y
were relatively well expressed. Based on these factors, the cyto-
kine expression in the PTC samples with LT represented a
mixed Thl (TNF-a and IFN-Y) and Th2 (IL-4 and IL-10) im-

munity.

PTC without LT (n=10)

After manipulating data using the concept of a calibrator
with IL-1[3, each sample of PTC without LT was compared (Ta-
ble 2). In contrast to the cases of PTC with LT, the cases without
LT frequently exhibited nondetectable cytokine levels. Among
the six cytokines analyzed, the expression levels of IFN-Y, IL-

Table 1. Cytokine and immune profiles of the cases with lymphocytic thyroiditis (n=13)

Case No. TNF-o/IL-1B IL-4/IL-1B IFN-Y/IL-1p IL-10/L-1B IL-2/IL-1B
1 81.28 47.94 11.15 0.14 0

2 4,130.98 3173.80 1168.73 0 0

3 3,328.36 2686.57 946.27 0 0

4 198.41 145.50 64.68 0.20 0

5 276.08 258.27 93.89 0.73 0.09
6 5,275.74 4,871.32 1,875.00 0 0

7 2,454.55 2,227.27 954.55 7.88 3.10
8 108.88 91.54 40.36 1.39 0.25
9 242.84 242.84 46.20 0.18 0
10 141.74 135.65 43.39 0.20 0.10
1 4.21 0.03 0.05 0.04 0

14 5.81 1.54 0.39 0.11 0.09
16 2.32 0 0.12 0.05 0
Median 198.41 145.5 46.2 0.16 0
TNF-a, tumor necrosis factor a; IL, interleukin; IFN-y, interferon y.

Table 2. Cytokine and immune profiles of the cases without lymphocytic thyroiditis (n=10)

Case No. TNF-o/IL-1B IL-4/IL-1B IFN-v/IL-18 IL-10/1L-1P IL-2/IL-1B
12 5.67 0.18 0 0.13 0
13 3.41 0 0.09 0 0
15 28.04 16.16 0 0 0
17 11.93 1.05 0 0.36 0
18 43.76 0 0 0 0
19 62.07 22.07 0 1.71 0.25
20 5.06 0.08 0 0.10 0
22 512.61 277.47 5.21 0 0
23 8.19 2.56 1.66 0.02 0.03
25 32.47 0 0 2.18 0
Median 19.98 0.61 0 0.06 0

TNF-0, tumor necrosis factor o; IL, interleukin; IFN-v, interferon y.

http://jpatholtm.org/
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Table 3. Relationship between clinical parameters and the cases with lymphocytic thyroiditis

Variable LT (n=13) Non-LT (n=10) p-value
Tumor size (cm) 0.50 (0.20-1.10) 0.50 (0.10-1.50) 707
Extrathyroidal extension 6 (46.15) 3(30) .669
Lymph nodal metastasis 2(15.38) 3(30) 617
LG p27 (n=14) 8/13 (61.53) 6/10 (60) .655
TNF-o. 198.41 (2.32-5,275.74) 19.98 (3.41-512.61) .043
IL-4 145.50 (0-4,871.32) 0.61 (0-277.47) 015
IFN-y 46.20 (0.05-1,875.00) 0(0-5.21) <.001
IL-10 0.14 (0-3.10) 0.06 (0-0.25) .508
IL-2 0(0-3.10) 0(0-0.25) .322

Values are presented as median (range) or number (%).
The cytokine unit value is the ratio of each cytokine to IL-1.

LT, cases with lymphocytic thyroiditis; Non-LT, cases without lymphocytic thyroiditis; LG p27, low-grade expression of p27 immunohistochemistry; TNF-a, tu-

mor necrosis factor a; IL, interleukin; IFN-v, interferon v.

10, and IL-2 levels were too low to be measured. Based on these
data, the cytokines expressed in PTC without LT represented a
mixed Th1l (TNF-0) and Th2 (IL-4 and IL-1f) immunity.

Prognostic parameters according to the presence of LT

The prognostic parameters (tumor size, ET, and lymph node
metastasis) were not statistically related to LT, but the cases with-
out LT had a tendency for lymph node metastasis (Table 3).

The cases with LT had enhanced expression of the cytokines
(TNE-q, IFN-Y, IL-4, IL-10, and IL-2) compared to the samples
of PTC without LT. Among the five cytokines, the expression
levels of TNF-a, IEN-Y, and IL-4 were significantly higher in
the cases with LT than in those without LT (p <.05).

In terms of p27 as a surrogate marker for lymph node metas-
tasis, the degree of p27 expression was not correlated with
lymph node metastasis in this study; high-grade expression of
P27 had a tendency to occur in PTC cases with LT. In contrast,
lymph node metastasis occurred slightly more frequently in
PTC cases without LT. Conclusively, the degree of p27 expres-
sion did not show any correlation with lymph node metastasis
in this study (p=.15) (Table 4).

Cytokine immune profiles and clinical implications of the
PTC cases with LT

Due to this unexpected finding, which revealed in the insuf-
ficiency of the PTC cases without LT to serve as a reference group,
this study adopted a new goal to use the PTC cases with LT to
analyze the relationship between cytokine immune profiles and
prognostic parameters. In addition, the PTC cases in this study
were mostly microcarcinomas, which might represent the in-
cipient phase of the tumors. The incipient phase of tumors must
always have a limitation in representing proper tumor staging,
such as tumor size, nodal metastasis, and tumor extension. Hence,

http://dx.doi.org/10.4132/jptm.2016.07.25

Table 4. Relationship between p27 immunopositivity and lymph
nodal metastasis

Lymph nodal Without lymph
Variable metastasis nodal metastasis
(n=5) (h=18)
LG p27 (n=14) 3/5 (60) 11/18 (61.11)
HG p27 (n=7) 1/5 (20) 6/18 (33.33)

Values are presented as number (%).
LG p27, low-grade expression of p27 immunohistochemistry; HG p27,
high-grade expression of p27 immunohistochemistry.

in this study, p27 was used as a surrogate marker of lymph node
metastasis in the cases of microcarcinoma (as an incipient carci-
noma).

Therefore, the statistical analysis of this profiles solely made
use of the PTC cases with LT. Except for the IL-4 cytokine, the
expression levels of the cytokines TNF-a, IFN-Y, and IL-10
were lower in the cases with low-grade expression of p27 than
those with high-grade expression of p27, but there was no sta-
tistical significance (Table 5). The cases with ET had a tendency
to demonstrate higher levels of cytokine expression than those
with intrathyroidal tumor confinement (Table 6). Again, there
was no statistical significance.

In summary, although the data were not statistically signifi-
cant, the trends follow a pattern where higher cytokine levels were
present in the cases with high grade expression of p27 (except for
IL-4)and ET.

DISCUSSION

This study revealed the presence of mixed Th1 (IFN-Y, TNF-q,
and IL-2) and Th2 (IL-4 and IL-10) immunity in lymphocytes
in cases of PTC with LT.

Although there is no statistical significance with a limited case
number, this study could infer some meaningful results.

http://jpatholtm.org/
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Table 5. Relationship between p27 immunopositivity and the cytokine
immune profiles in the cases with lymphocytic thyroiditis (n=13)

Cytokine LG p27 (n=8) HG p27 (n=5) p-value
TNF-a 76.32 (2.32-4,130.98)  81.28 (5.81-5,275.74) .390
IL-4 53.85 (0-3,173.80) 47.94 (1.54-4,871.32) 313
IFN-v 2.66 (0-1,163.73) 11.15(0-1,875) 430
IL-10 0.07 (0-7.88) 0.11 (0-1.71) 1.000
IL-2 0(0-3.10) 0(0-0.25) .755

Values are presented as median (range). The cytokine unit value is the ratio
of each cytokine to IL-1p.

LG p27, low-grade expression of p27 immunohistochemistry; HG p27,
high grade expression of p27 immunohistochemistry; TNF-a, tumor necro-
sis factor a; IL, interleukin; IFN-v, interferon v.

Table 6. Relationship between cytokine levels and tumor extension
in the cases with lymphocytic thyroiditis (n=13)

Cytokine ET (n=6) IT(nh=7) p-value
TNF-a 43.54 (2.32-4,130) 28.04 (5.06-512.61) 1.000
IL-4 24.74 (0-3,173) 16.16 (0.08-277.47) 1.000
IFN-y 5.77 (0.05-1,163.73) 0(0-5.21) 153
IL-10 0.08 (0-7.88) 0(0-0.10) 237
IL-2 0(0-0.10) 0(0) 376

Values are presented as median (range). The cytokine unit value is the ratio
of each cytokine to IL-1p.

ET, extrathyroidal tumor extension; IT, intrathyroidal tumor confinement;
TNF-a, tumor necrosis factor o; IL, interleukin; IFN-p, interferon p.

In the cases with LT, the higher expression of cytokine levels
had a tendency to be associated with high p27 immuno-reac-
tivity (Table 5). Furthermore, except for IL-4, all cytokines were
decreased in the cases with LT and p27 underexpression, which
represents the increased possibility of lymph node metastasis.
Because IL-4 is associated with aggressive PTC, the fact that all
cytokine except IL-4 were highly expressed in the cases with LT
and increased p27 expression supports the hypothesis that high
expression of cytokines except IL-4 may contribute to anticancer
effect on the PTC in terms of lymph node metastasis.”

In contrast, the cases with ET revealed the higher expression of
cytokines than those without ET. Based on these results, we pro-
pose that the higher expression of cytokines TNF-a, [FN-Y, IL-
2, and IL-1 might inhibit nodal metastasis but not inhibit (or
possibly enhance) the extrathyroidal extension. In view of helper
T cell immunity, mixed Th1 and Th2 immunity seems to play a
role in anticancer activity by inhibiting lymph node metastasis.

There have been several studies on the immune profiles of thy-
roiditis. Among them, Phenekos ¢ @/.”* reported that HT and
Graves’ disease have two different helper T cell immunities. In
their report, with the preferential expression of IL-2, IFN-Y, IL-
12, and IL-18, a Thl pattern of immune response which is char-
acteristic of cellular immunity, is dominant in HT. In contrast,
Ajjan et al.” reported a mixed Th1 and Th2 immune response in
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HT cases. They reported that reverse transcription polymerase
chain reaction results showed both Thl and Th2 immunity.
The findings in our study corroborate these results.

Our findings demonstrated that IL-4 expression, together
with other cytokines, has a tendency to be higher in the cases
with ET. This may mean that IL-4 contributes to tumor exten-
sion. In contrast, in the cases with underexpression of p27, which
may represent lymph node metastasis, IL-4 was higher than
other cytokines. This may imply that IL-4 contributes to the lym-
phatic spread of the tumor, a concept that is supported by Vella
et al.”* who demonstrated that IL-4 levels were augmented in
aggressive PTCs. They suggested that PTC cells receive protec-
tion from apoptosis by IL-4 production in the activated T lym-
phocytes of thyroid glands. To determine which of these con-
flicting results in terms of both nodal metastasis and capsular
tumor extension are correct, further study may be necessary to
disclose the role of IL-4 in PTC biological behavior.

A previous work by Yip ¢t a/.** demonstrated with 7n vitro
tests that IL-1P was an anticancer factor, which suppressed the
proliferation and reduced the invasive potential of human PTC
cells. In this study, IL-1P was found to be constitutively expressed
in all cases and was used as a calibrator to compare cytokine lev-
els among the cases. Unfortunately, due to its use as a calibrator
in this study, IL-1p expression levels in each case could not be
compared.

It is generally accepted that there is a beneficial relationship
between chronic LT and the biological behavior of PTC, which
results in improved prognoses. Paulson ez a/.” suggested that
chronic LT might have a protective role in tumor spread. Sup-
porting this evidence, Mitsiades ¢ #/.* reported that Th1 cyto-
kines, such as TFN-Y and TNF-, increase the sensitivity of both
normal and neoplastic thyrocytes to FasL and TRAIL, which
lead to apoptosis. Furthermore, Ahn ¢ 2/.”’ established that HT
was associated with PTC, as was chronic inflammation with can-
cer in other locations. They also mentioned that the coexistence
of HT in PTC cases introduced favorable clinical outcomes
compared with those of PTC without HT.” Corroborating this
idea, Yoon ef a/.*® determined that patients with PTC and chronic
LT had smaller tumor sizes, a lower incidence of capsular inva-
sion, and a significantly lower incidence of lymph node metas-
tases compared to patients without chronic LT. Several studies
have also indicated that antithyroid antibodies are able to rec-
ognize these malignant cells and destroy them in the same way
that they destroy normal follicular cells, contributing to the low
rate of clinical progression of these lesions.”’

The p27 protein was first identified as an inhibitor of cyclin E/
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CDK?2 complexes during transforming growth factor f—induced
G1 arrest.’" Phosphorylation is the mechanism primarily used
for regulating p27 activity. The p27 protein possesses multiple
tyrosine, serine, or threonine phosphorylation sites. The inhibi-
tory roles of p27 towards cyclin/CDK complexes are weakened
by phosphorylation directed by certain signal transduction path-
ways.”” The current model delineates that p27 suppresses tu-
morigenesis by inhibiting cyclin/CDK activity in the nucleus,
but it exerts other functions in the cytoplasm that are potentially
oncogenic.”

There have been several clinical studies describing the rela-
tionship between the expression of p27 and lymph node metasta-
sis. Karlidag e al."® reported that p27 expression in nonmetas-
tasizing PTC was lower than that in normal thyroid tissue and
higher than that in metastasizing PTC.

Our IHC analysis showed that p27 expression did not dem-
onstrate any relationship to lymph node metastasis in PTC with
LT, but this may be attributed to the early stage of the tumors,
i.e., our study mainly included patients with microcarcinomas.
There may be a chance that even PTC cases with low expression
of p27 were too incipient to reveal lymph node metastasis. With
this limitation in the evaluation of the relationship between cy-
tokine levels and nodal metastasis, the common p27 marker was
used as a surrogate marker to represent the possibility of nodal
metastasis in early phase PTCs. As aforementioned, after focus-
ing on the cases with LT, the cases with low-grade expression of
p27 tended to be associated with lower levels of cytokines than
those with high-grade expression of p27. This may implicate
that the cases with lower levels of mixed Th1 and Th2 cytokines
have a higher probability of having lymph node metastasis.

Considering the low cytokine expression in the cases with un-
derexpression of p27 (except for IL-4), our results indicate that
mixed Th1 and Th2 immune cytokines have a tendency toward
anticancer effects in terms of lymph node metastasis. To predict
tumor prognosis from cytokine levels, further studies determin-
ing the absolute values and THC of cytokines will be necessary.
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Mammary-type myofibroblastoma (MFB) is a rare, benign spindle cell neoplasm occurring along
the milkline, with extension from the mid-axilla to the medial groin. It is histologically and immu-
nohistochemically identical to MFB of the breast and is part of a spectrum of lesions that includes
spindle cell lipoma and cellular angiofibroma. Recently, we experienced two cases of mammary-
type MFB involving male patients aged 30 and 58 years, respectively. The tumors were located in
the right scrotal sac and in the right axilla. Wide excisions were performed. Microscopically, the
masses were composed of haphazardly arranged, variably sized fascicles of bland spindle cells
and were admixed with mature fat tissue. The spindle cells in both cases showed immunopositiv-
ity for desmin and CD34 and negativity for smooth muscle actin. Loss of retinoblastoma
(RB)/13qg14 loci is a characteristic genetic alteration of mammary-type MFB, and we identified
loss of RB protein expression by immunohistochemical staining. We emphasize the importance
of awareness of this rare neoplasm when a spindle cell neoplasm is accompanied by desmin im-
munopositivity. The second patient was alive without recurrence for 20 months, and the first pa-
tient had not been followed.
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Mammary-type myofibroblastoma (MFB) is a rare, benign
spindle cell neoplasm with myofibroblastic differentiation that
is histologically identical to MFB of the breast and was first de-
scribed by Wargotz et /. in 1987." The tumor occurs mainly in
older men and postmenopausal women. The age at presentation
ranges from 35 to 85 years.”> Common locations are along the
embryonic milkline with extension from the mid-axilla to the
medial groin.” The most common presentation is a painless,
slowly growing mass.>* The tumor is composed of bland spindle
cells with myofibroblastic differentiation, prominent mast cells,
fatty component, and hyalinized stroma. Recently, we experienced
two cases of mammary-type MFB in the right scrotal sac of a
30-year-old man and in the right axilla of a 58-year-old man. In
this report, we describe these two rare cases of mammary-type MFB.

CASE REPORT

Case 1
A 30-year-old previously healthy man presented with a soli-
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Key Words: Mammary-type myofibroblastoma; Milkline; 13g14

tary palpable mass in his right scrotal sac, which appeared 3
months earlier. He had no history of trauma or medical disease.
The mass was painless, firm, and movable on physical examina-
tion. Abdominal/pelvic computed tomography (CT) showed a
5.0 cm mass in the right scrotal sac, separated from the adjacent
testis and spermatic cord (Fig. 1A). Due the possibility of a mes-
enchymal tumor, excision was performed.

Grossly, the lesion was well-circumscribed and ovoid, measur-
ing 5.0%3.5%2.0 cm. The cut surface of the mass was yellowish
tan, rubbery, and trabeculated, without necrosis or hemorrhage
(Fig. 2A). Microscopically, the mass was composed of bland spin-
dle cells with haphazardly arranged collagen fibers and numer-
ous mast cells. Some areas showed edematous stroma with hypo-
cellularity. Numerous mast cells were scattered in the stroma (Fig.
2B). There was no cellular atypia or mitotic activity. Individual
adipocytes and adipose tissue were admixed with the spindle
cells, which showed immunopositivity for desmin (1:200, Dako,
Glostrup, Denmark) and CD34 (1:500, Immunotech, Marseille,
France) (Fig. 2C, D) and negativity for smooth muscle actin

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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(1:200, Dako), S-100 protein (1:100, Zymed, San Francisco, CA,
USA), and human melanoma black 45 (1:50, Dako).

Case 2

A 58-year-old man presented with a slowly growing right axil-
lary mass that had appeared 15 months earlier. A chest CT re-
vealed a 5.5-cm lobulated mass with infiltration of the sur-

rounding soft tissue in the right axilla (Fig. 1B). Because of the
possibility of metastatic carcinoma of unknown origin, a needle
biopsy was performed. The diagnosis was low-grade spindle cell
neoplasm with myofibroblastic differentiation. A wide excision
was then performed. No evidence of recurrence was noted after
20 months of follow-up.

The mass was well-circumscribed, measuring 6.2 5.2 x4.5

Fig. 1. Radiologic findings for the two study cases. (A) In case 1, a pelvis computed tomography (CT) shows 5.0 cm mass in the right scrotal
sac separated from the adjacent testis and spermatic cord (arrow). (B) In case 2, a chest CT shows a 5.5 cm lobulated mass in the right ax-

ila (arrowhead).

Fig. 2. Gross and microscopic findings of case 1. (A) The cut surface is yellowish tan, rubbery, and trabeculated, without necrosis or hemor-
rhage. (B) The mass is composed of haphazardly arranged and variably sized fascicles of bland spindle cells. Tumor cells have tapered nu-
clei and fine chromatin. Numerous mast cells are scattered (arrows). No mitosis is observed. The tumor cells show immunopositivity for des-

min (C) and CD34 (D).
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Fig. 3. Gross and microscopic findings of case 2. (A) The cut surface is yellowish tan, smooth, and glistening, and a focal myxoid change is
observed. (B) The mass is well demarcated with mature adipocytes. (C) Staghorn-like blood vessels are present, with focal hyalinization. Tu-
mor cells shows immunopositivity for desmin (D) and estrogen receptor (E). (F) Retinoblastoma immunostaining shows negativity.

cm. The cut surface was yellowish tan, smooth, and glistening
with focal myxoid change. The peripheral portion showed a
more prominent fatty component (Fig. 3A). Microscopically, the
mass was composed of haphazardly arranged, variably sized fas-
cicles of bland spindle cells and numerous mast cells. The spin-
dle cells had tapered nuclei and fine chromatin. No cellular atypia
or mitotic activity was identified. Hyalinized collagen fibers were
abundant in the stroma. Adipose tissue was observed in both
the intra-/extra-lesional portions. Staghorn-like blood vessels
were present, with focal hyalinization (Fig. 3B, C). The spindle

http://dx.doi.org/10.4132/jptm.2016.03.26

cells showed immunopositivity for desmin, CD34, and estro-
gen receptor (1:100, Novo, Newcastle upon Tyne, UK) and neg-
ativity for smooth muscle actin, S-100 protein, and retinoblas-
toma (1:20, Dako) (Fig. 3D-F).

The Institutional Review Board (IRB) of Asan Medical Center
(IRB No. 2015-1303) approved this case report.

DISCUSSION
Mammary-type MFB can occur along the embryonic milkline

http://jpatholtm.org/
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and accessory breast. Nevertheless, in many previously reported
cases, the tumor did not contain any breast tissue. McMenamin
and Fletcher’ described the possibility of ectopic breast in loca-
tions remote from the embryonic milkline. In addition, Millo ez
al.’ suggested mesenchymal CD34-positive stem cells as an ex-
planation for the hepatic location of mammary-type MFB.

MEFB cells demonstrate immunopositivity for desmin and
CD34.% In addition, at least focal expression of androgen, es-
trogen, and progesterone receptors has been reported.” Expres-
sion of smooth muscle actin is present in one-third of MFB cases.’
In the two cases presented here, the tumor cells showed immu-
nopositivity for desmin and CD34 and immunonegativity for
smooth muscle actin. The differential diagnoses of mammary-
type MFB include other low-grade spindle cell neoplasms such
as spindle cell lipoma, cellular angiofibroma, and solitary fi-
brous tumors (SFT5). Desmin, CD34, and estrogen receptors are
helpful markers for differential diagnosis.*® Recently, Howitt
and Fletcher® reported a large series of 143 cases of mammary-
type MFB. They described complicated situations with mam-
mary-type MFB, such as morphologic variation and CD34 and/
or desmin negativity.” Spindle cell lipoma and cellular angiofi-
broma show overlapping histologic and immunophenotypic fea-
tures with mammary-type MFB and share similar genetic find-
ings, with loss of 13q14."*

Spindle cell lipoma has similar histologic features to MFB
such as bland spindle cells, abundant mast cells in the stroma,
and admixed adipose tissue. The morphological differences be-
tween these two tumor types are subtle. The spindle cells of
mammary-type MFB show a fascicular arrangement, whereas
those of spindle cell lipoma show a more haphazard arrange-
ment. CD34 expression is present in both tumors, whereas des-
min immunopositivity is rarely present in spindle cell lipoma
(<2%).” Maggiani ¢ al.” explained these different histologic
features and immunoprofiles as due to stromal precursor cells
with a variable capacity to differentiate into fibroblastic/lipocytic
or myofibroblastic cells. Cellular angiofibroma usually involves
the groin/pelvic area.”" Histologically, cellular angiofibroma is
composed of short spindle cells arranged without any pattern
and numerous small- to medium-sized thick-walled hyalinized
vessels. Some tumors contain a variable amount of adipose tis-
sue.”' ™" Tamor cells can express CD34, but smooth muscle ac-
tin and desmin are usually negative.'™"!

Mammary-type MEB, spindle cell lipoma, and cellular an-
giofibroma share not only histologic features, but also similar
genetic alterations. The RBI gene, as well as the FOXOI (fork-
head box protein O1, previously known as FKHR, forkhead in

http://jpatholtm.org/

rhabdomyosarcoma) gene, is located in the 13q14 tumor sup-
pressor locus, and deletion of this region, which was originally
identified in spindle cell lipoma, has been reported in several cas-
es of mammary-type MFB and cellular angiofibroma.” Mag-
giani e al.” described the loss of RB/13q14 and FKHR/13q14
loci in mammary-type MFB using fluorescence in situ hybrid-
ization (FISH) and suggested a genetic link with spindle cell li-
poma, which has a characteristic loss of 13q and 16q. Hox ¢
al® reported a loss of RB/13q14 loci in mammary-type MFB of
the head and neck region. Magro ef #/."” described a deletion of
FOXO01, which is located on 13q14.11, both in mammary and
vaginal MFB. In that study, five of seven cases of mammary-type
MFB and three of five cases of vaginal MFB showed deletion of
this locus. Hameed ef #/." reported monosomy of chromosome
16 and loss of chromosome 13 in cellular angiofibroma. Flucke
¢t al."” described the heterozygous loss of RBI in seven cases of
cellular angiofibroma according to FISH. Magro" suggested
the term benign stromal/mesenchymal tumor with 13q14 dele-
tion, as these three entities share the same genetic alteration, and
a minority of cases of spindle cell lipoma and cellular angiofi-
broma showed histologic similarity to mammary-type MFB.

SFT is another possible differential diagnosis. The tumor is
composed of spindle cells surrounding thick-walled, branching
staghorn-like blood vessels. An admixed adipocytic component
can be present.”'" In SFT, the spindle cells show a haphazard ar-
rangement with intertwining thin collagen fibers, whereas those
in mammary-type MFB show short fascicles with broad inter-
rupting collagen bands. Oval myoid cells with abundant eosin-
ophilic cytoplasm, which are distinguishing features of mamma-
ry-type MFB, are not observed in SFT. SFT commonly expresses
CD34 (90%) and CD99 (70%), especially the fibrous form."
Although SFT shares the histological and immunohistochemi-
cal characteristics of mammary-type MFB, the cytogenetics of
SFT are different from those of mammary-type MFB. The ab-
sence of RB/13q14 loss in SFT is the key point for the differen-
tial diagnosis.'""

We report these cases due to the rare incidence and diagnostic
utility of desmin immunoreactivity. We conclude that, if spindle
cell lesions with myofibroblastic differentiation and admixed
adipose tissue and mast cells in unusual locations are observed,
the diagnosis of mammary-type MFB should be considered as a
differential diagnosis, and desmin immunopositivity could be
helpful for diagnosis.
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Pulmonary Arteriovenous Fistula: Clinical and Histologic Spectrum
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of Four Cases

Pulmonary arteriovenous fistula (PAVF) is abnormally dilated vessels that provide a right-to-left
shunt between pulmonary artery and pulmonary vein and is clinically divided into simple and
complex type. Here, we report four cases of surgically resected sporadic PAVFs presenting vari-
ous clinical and histologic spectrums. Cases 1 (a 57-old-female) and 2 (a 54-old-female) present-
ed as incidentally identified single aneurysmal fistulas and the lesions were surgically removed
without complication. On the other hand, case 3 (an 11-old-male) showed diffuse dilated vascular
sacs involving both lungs and caused severe hemodynamic and pulmonary dysfunction. Emboli-
zation and surgical resection of the main lesion failed to relieve the symptoms. Case 4 (a 36-old-
male) had a localized multiloculated cyst clinically mimicking congenital cystic adenomatoid mal-
formation. Microscopically, the lesion consisted of dilated thick vessels, consistent with the
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Pulmonary artetiovenous fistula (PAVF) in the lung is unusu-
al. PAVF is described as abnormally dilated vessels that provide
a right-to-left shunt between pulmonary artery and pulmonary
vein."” PAVFs are clinically and radiologically divided into
simple and complex type and commonly associated with hered-
itary hemorrhagic telangiectasia (HHT)." The treatment option
of PAVFs varies depending on the location and severity of the
lesion. Here we report four cases of surgically resected sporadic
PAVF with different clinical and histologic presentations.

CASE REPORTS

Case 1

A 57-year-old woman visited the thoracic surgery department
of the Samsung Medical Center, Seoul, for further evaluation of
an abnormal finding on lung examination that had been inci-
dentally detected by routine medical check-up. She denied any
past medical history, and routine physical exams and laboratory
tests were within normal limits. Chest computed tomography
(CT) identified a single 4-mm-sized vascular dilation in the an-
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diagnosis of fistulous arteriovenous malformation/hemangioma.

Key Words: Lung; Arteriovenous fistula; Arteriovenous malformations

terior segment of left upper lobe (Fig. 1A). There was no abnor-
mality in the rest of lung parenchyma. Under the impression of
PAVE, video-assisted thoracoscopic surgery was performed. Cut
section of the specimen revealed a 0.5-cm-sized cystic lesion
under the pleura. Microscopically, the lesion consisted of irregu-
larly shaped aneurysmal dilation of thick vein (Fig. 1B). Addi-
tionally, elastic stain showed hypertrophic arteriopathy of pul-
monary arterioles around the main aneurysmal vein (Fig. 1C).
The patient was discharged without any post-operative compli-

cation.

Case 2

A 54-year-old woman presented with incidental abnormal
finding on chest X-ray. She was on anti-hypertensive medicine
due to hypertension. Her routine physical exams and laboratory
tests were within normal limits. Chest CT revealed a 38-mm-
sized large aneurysmal sac in the right middle lobe (Fig. 1D).
Due to the large size, right middle lobectomy was performed.
Cut section of the specimen showed a thin-walled cyst with
smooth whitish inner surface, measuring 38 mm in diameter
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(Fig. 1E). Elastic stain revealed the lesion to be consisted of an-
eurysmal dilation of both artery and vein (Fig. 1F). The patient
was discharged without any postoperative complication.

Case 3

An 11-year-old boy visited emergency room due to hemopty-
sis. He was a known PAVF patient. He has had symptoms of cy-
anosis and clubbing of fingers since he was 4 years old and di-
agnosed with PAVF from chest CT work up. He had undergone
coil embolization four times, which did not relieve the symp-
tom. He showed general cyanosis and complained of dizziness
and general weakness, low extremities in particular. His daily
activity was limited and had difficulty in walking for long dis-
tance. SpO, was checked as 70% on average. Despite several coil
embolization attempts, cyanosis and signs of chronic heart fail-
ure worsened. Chest CT revealed severe vascular engorgement
in both lungs (Fig. 1G). Right lower lobectomy was performed
to remove the main part of the lesion. Cut section of the speci-
men showed many engorged vessels with blood clots mainly in
the posterobasal segment, measuring approximately 9 cm in ex-
tent (Fig. 1H). Microscopically, many dilated veins filled with
blood were identified (Fig. 1I). He was discharged with no spe-
cific postoperative complication. However, diffuse PAVFs still
remained in other lobes. He constantly suffered from general
weakness and SpO, was still checked as 70% on average.

Case 4

A 36-year-old man was admitted to the thoracic surgery de-
partment for scheduled operation. The patient was treated with
antibiotics due to lung abscess one month prior. He had had an-
other episode of pneumonia in the right lung 20 years ago. Al-
though his symptom was relieved, post-treatment chest CT still
revealed a multi-cystic lesion in the lateral side of right lung
showing plump vascular supply through intercostal arteries or
pulmonary arteries (Fig. 1]). It showed no segmental or lobar
distribution. Under the clinical impression of congenital cystic
adenomatoid malformation (CCAM), surgical resection was
planned. Right lower lobectomy with en bloc wedge resection
of right upper lobe was performed. Cut section of the specimen
revealed a multi-lobulated cystic lesion filled with blood, mea-
suring 7 cm in extent (Fig. 1K). Rest of the pulmonary paren-
chyma showed no abnormality. Microscopic examination re-
vealed that the cystic lining consisted of dilated thick vascular
structure (Fig. 1L). Adjacent airway structures were also en-
trapped and dilated. The final pathologic diagnosis was given as
fistulous arteriovenous malformation/hemangioma (AVMH).
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The patient was discharged without any postoperative compli-
cation.

DISCUSSION

We describe four cases of surgically resected PAVFs exhibiting
various clinical and histologic spectrum. PAVF is described as
abnormally dilated vessels that provide a right-to-left shunt be-
tween pulmonary artery and pulmonary vein and is divided into
simple and complex type.” The literature review showed that
abnormal communications between pulmonary arteries and veins
have been given various names including PAVE, arteriovenous
aneurysm, and arteriovenous hemangioma.'” While PAVFs have
been often described as pulmonary arteriovenous malformation
in several reports,” we suggest that pulmonary AVMH should
be used preferably to describe tumorous hemangioma lesion
and PAVF should be used preferably to describe abnormal vas-
cular communication. PAVFs are divided into simple and com-
plex type, and the former is more common."” Simple PAVFs are
those of a well-defined peripheral nodule and may be rounded
or multi-lobulated." Histologically, simple type presents as a sin-
gle aneurysmal sac and contains a single segmental artery feed-
ing the malformation. Complex PAVFs involve multiple abnor-
mal vessels and consist of one or more lobulated venous sacs of
variable size supplied by more than one feeding artery, often aris-
ing from adjacent segmental pulmonary artery branches." Com-
plex PAVFs may involve whole lung segments or an entire lobe."

Two patients (cases 1 and 2) presented with solitary aneurys-
mal vascular lesion, which corresponded to simple PAVE These
incidental lesions did not cause any clinical symptom and sur-
gical removal was successfully performed. On the other hand,
case 3 presented with diffuse vascular lesion causing arteriove-
nous shunt and was consistent with the diagnosis of complex
PAVE Complex PAVFs are supplied by more than one feeding
artery. It caused serious respiratory problem and immobility in
the patient 3. Lastly, case 4 showed a localized multi-lobular
vascular lesion grossly mimicking pulmonary sequestration or
CCAM. The histology of case 4 was unusual and also different
from cases 1, 2, and 3 in that it had no definite aneurysmal sac
or shunt formation. While AVMH is an acquired tumor-like
condition characterized by complex thick-walled vessels,’ it was
not certain whether case 4 was a tumorous condition of AVMH
or not. However, we concluded that the terminology of AVMH
would represent the histologic characteristics of case 4 the best
in that there was definite localized overgrowth of thick vessels.
Although it did not cause serious hemodynamic or pulmonary
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Fig. 1. Pumonary arteriovenous fistula (PAVF). (A-F) Radiologic, gross, and microscopic features of two simple PAVF cases. (A, D) Both inci-
dentally identified lesions are shown as dilated aneurysmal sacs in chest computer tomography (CT). (E) The cut section of case 2 shows a
thin-walled cyst with smooth whitish inner surface. Microscopically, they consist of irregularly shaped aneurysmal dilation of thick vein (B, F)
and hypertrophic arteriopathy of pulmonary arteriols around the main aneurysmal vein is accompanied in case 1 (C). (G-I) Radiologic, gross,
and microscopic features of diffuse PAVF case. (G) Chest CT reveals severe vascular engorgement on both lungs. (H) On the cut section,
many engorged vessels with blood clots are shown. (I) Microscopically, many dilated thin veins filled with blood are identified. (J-L) Radiologic,
gross, and microscopic features of fistulous arteriovenous malformation/hemangioma. (J) Chest CT shows a multi-cystic lesion in the lateral
side of right lung showing vascular supply through the intercostal arteries or pulmonary arteries. (K) The cut section of right lower lobectomy
specimen shows a multi-lobulated cystic lesion filled with blood. (L) Microscopically, the cystic lining consists of dilated vascular structure.
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symptoms, his episodes of pneumonia may probably be related
to this lesion.

While most PAVF patients are known to have HHT, patients
in our series did not. PAVFs are not easily diagnosed routinely,
due to its rarity and its unspecific findings on routine examina-
tions. CT is generally considered the reference standard investi-
gation for diagnosing PAVFs."* In terms of treatment, emboli-
zation is considered first and surgical resection is performed for
special indications.®” Therefore, it is rare for pathologists to en-
counter the histology of PAVFs. The four rare cases of surgically
resected PAVFs described herein show various spectrums of clini-
cal and histologic features. They can present as either localized or
diffuse, and they can involve either thin or thick blood vessels.
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Nodular fasciitis is a pseudosarcomatous reactive process composed of fibroblasts and myofi-
broblasts, and it is most common in the upper extremities. Nodular fasciitis of the external audi-
tory canal is rare. To the best of our knowledge, less than 20 cases have been reported to date.
We present a case of nodular fasciitis arising in the cartilaginous part of the external auditory ca-
nal. A 19-year-old man complained of an auricular mass with pruritus. Computed tomography
showed a 1.7 cm sized soft tissue mass in the right external auditory canal, and total excision
was performed. Histologic examination revealed spindle or stellate cells proliferation in a fascicu-
lar and storiform pattern. Lymphoid cells and erythrocytes were intermixed with tumor cells. The
stroma was myxoid to hyalinized with a few microcysts. The tumor cells were immunoreactive for
smooth muscle actin, but not for desmin, caldesmon, CD34, S-100, anaplastic lymphoma kinase,
and cytokeratin. The patient has been doing well during the 1 year follow-up period.
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Nodular fasciitis is a relatively common benign soft tissue le-
sion composed of fibroblastic and myofibroblastic proliferation.
Since it was first described in 1955 by Konwaler ¢ a/.," it re-
mains as the most common benign condition that is confused
with sarcoma due to rapid growth, high cellularity, and mitotic
activity.” Clinically, nodular fasciitis presents as a rapidly grow-
ing mass or nodule in adults between 20 to 40 years of age. It is
sometimes accompanied by previous history of trauma. It can
cause tenderness, pain, numbness or paresthesia depending on
its location. It most frequently occurs in the upper extremities,
especially the flexor forearm. Trunk and head and neck are also
common sites for nodular fasciitis.”> However, nodular fasciitis
of the auricular region is unusual >* Here, we present a rare case

of nodular fasciitis of external auditory canal.
CASE REPORT

A 19-year-old man visited our hospital because of an auricu-
lar mass. The mass was present for about 4 weeks and it was ac-
companied by itching sensation. A previous history of trauma
was not noted. A computed tomographic examination showed
a 1.7 cm sized mass on the posterior wall of the cartilaginous
portion of the right external auditory canal (Fig. 1). The mass
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showed soft tissue density and diffuse enhancement on the con-
trast image. Destruction of the adjacent bone was not identi-
fied. Total mass excision was performed. Grossly, the mass was
soft, grayish tan, and relatively myxoid. On light microscopy,
the mass was relatively well circumscribed without encapsula-
tion and located in the subcutis and dermis. The mass encircled
the cartilage but did not invade it. The mass consisted of spin-
dle to stellate cells with minimal nuclear atypia in myxoid to
hyalinized stroma. The tumor cells were arranged in a fascicular
or storiform pattern and intermixed with scattered lymphoid
cells and red blood cells extravasation (Fig. 2A, B). Microcystic
changes were noted in more myxoid areas. Mitotic counts were
up to 3 per 10 high power fields. Atypical mitosis was not
identified. On immunohistochemistry, the tumor cells were
positive for smooth muscle actin, but negative for desmin and
caldesmon (Fig. 2C). These findings indicated these cells were
fibroblasts or myofibroblasts rather than smooth muscle cells.
The tumor cells were also negative for S-100, CD34, anaplastic
lymphoma kinase (ALK), and cytokeratin. The tumor cells
showed cytoplasmic staining for -catenin, but nuclear staining
was not seen. Based on all these features, we diagnosed this tu-
mor as nodular fasciitis.
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DISCUSSION

Thompson ¢ al.” reported the largest number of cases of au-
ricular nodular fasciitis. They described 50 cases of auricular
nodular fasciitis and its clinicopathologic characteristics. In
their 50 cases, 37 cases (74%) were located in preauricular and
postauricular region. Six cases (12%) were located in external
auditory canal. Auricular nodular fasciitis accounted for 1.5%
of all 3,930 cases of nodular fasciitis in all anatomical sites and
for 1.9% of all 2,930 cases of benign and malignant auricular
neoplasms and soft tissue reactive condition identified from
1970 to 1990 at their institution. Auricular nodular fasciitis

Fig. 1. Radiologic finding. An ovoid mass with soft tissue density
(arrow) is noted in the right external auditory canal on computed
tomography.

Nodular Fasciitis of External Auditory Canal ® 395

was frequently found in young patients, similar to nodular fas-
ciitis elsewhere. Since it was more superficially and dermally lo-
cated than the one in the extremity, it may present with ulcer-
ation and/or bleeding. One of the 50 cases presented with
conductive hearing loss. Lesions in the external auricular canal
had smaller size (mean, 1.3 ¢cm) and a shorter duration of symp-
toms (mean, 1.6 months) than lesions with a mean size of 1.9
cm and a mean duration of symptoms of 5.0 months among the
total 50 cases. It seems to be due to the narrow space in the ex-
ternal auricular canal. Thompson ¢ 4/.* found that auricular
nodular fasciitis had a higher tendency of local recurrence
(9.3%) when compared to the recurrence rate of 1%-2% at
other sites.” They explained that this resulted from increased
auricular trauma and difficulty in complete excision due to the
anatomical position.

Auricular nodular fasciitis has similar findings to those of the
lesions arising at other common sites. It is composed of fibro-
blasts or myofibroblasts arranged in a storiform or fascicular
pattern with varying cellularity. Most fibroblastic cells are posi-
tive for smooth muscle actin, but negative for desmin and
caldesmon. Immunostains for S-100, keratin, CD34, ALK, and
P53 are also negative. Cytoplasmic staining for -catenin can be
observed in one-third of the cases.’

Nodular fasciitis may be confused with other benign and ma-
lignant spindle cell lesions mentioned below.

Inflammatory myofibroblastic tumor shows myofibroblastic
proliferation with mixed inflammatory cell infiltrate. Although
ALK may be expressed in some cases of inflammatory myofi-
broblastic tumor, nodular fasciitis does not show ALK expres-
sion.®

Fibromatosis is usually a large tumor that infiltrates the sur-

rounding soft tissue. Nuclear B-catenin staining is the charac-
25,7

teristic finding of fibromatosis.

Fig. 2. Pathologic findings. (A) Spindle cell proliferation shows a vaguely storiform to fascicular pattern. (B) The bland spindle and stellate
cells are set in loose myxoid (upper portion) to hyalinized matrix (lower portion). Extravasated red blood cells and scattered lymphoid cells

are identified. (C) The tumor cells are positive for smooth muscle actin.
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Benign fibrous histiocytoma is typically located in the dermis
and has prominent xanthoma cells and occasional Touton-type
giant cells.”

Solitary fibrous tumor can also occur in the auricular region.
Solitary fibrous tumor consists of oval or spindle cells in a fas-
cicular, whorled or haphazard arrangement. Immunohisto-
chemically, the tumor cells are positive for CD34, Bcl-2, and
CDY9.

Neurogenic tumor shows characteristic wavy, narrow, and
elongated cells with S-100 immunoreactivity. Since nodular
fasciitis is usually a small sized lesion and does not show promi-
nent nuclear atypia, nectosis, or atypical mitosis, it can be dis-
tinguished from malignant lesions.

Nodular fasciitis has been considered as a reactive process and
a self-limiting condition, although it has a rare possibility of re-
currence.'*'" Recently, a few reports reported about the identifi-
cation of MYH9-USPG fusion gene in nodular fasciitis. It pro-
vided evidence for clonal neoplastic origin of nodular fasciitis
and suggested a new model of “transient neoplasia.”*™* Also, it
showed that the detection of MYH9-USPG fusion gene can be
used as a diagnostic tool for nodular fasciitis."*"* Further inves-
tigations related to the molecular analysis of nodular fasciitis are
needed.

Here, we presented an unusual case of nodular fasciitis aris-
ing in the external auditory canal. Nodular fasciitis must be
considered in the differential diagnosis of spindle cell lesions of
the external auricular canal. Nodular fasciitis seems to recur
more frequently in the auricular region than in the other com-
mon sites. Complete excision is likely to be helpful in reducing
the recurrence rate.
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Nodular histiocytic and mesothelial hyperplasia (NHMH) is
a rare and benign proliferative lesion composed of histiocytes
with scattered mesothelial cells which was first reported in her-
nia sac by Rosai and Dehner in 1975." They described NHMH
as a “benign reactive condition simulating a neoplastic process.”"
Since then, several cases have been reported in lung, pleura, in-
guinal region, urinary bladder, and pelvic cavity.”” We report a
case of incidentally detected NHMH, presenting as a pelvic
nodule during laparoscopic surgery for uterine myoma and en-
dometriosis.

CASE REPORT

The patient was a 38-year-old woman complaining of abdom-
inal discomfort and infertility without previous pregnancy his-
tory. A 8.3 X 5-cm-sized intramural type myoma was found on
gynecologic sonography. There was no medical history of previ-
ous abdominal or pelvic surgery. During laparoscopic myomec-
tomy, a left ovarian cyst (2.6 X 1.6 cm in size), a bladder perito-
neal mass (1.6x 1 cm in size), and a small nodule in cul-de-sac
cavity were incidentally obtained. The pathologic diagnosis of
left ovary cyst and bladder peritoneal mass was endometriosis.
Gross examination of the mass in cul-de-sac cavity showed a
grayish white and solid nodule, measuring 0.8 X 0.5 cm in size.
Microscopically, two populations of cells were identified. The
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majority of cells showed nodular clusters of round to polygonal
cells with moderate amount of pale to pink granular cytoplasm
and ovoid or grooved nuclei. The other cell type was low cuboi-
dal cells of stripped arrangement, which were entrapped in nodu-
lar clusters (Fig. 1A, B). Immunohistochemically, the round to
polygonal cells in nodular lesions showed positivity for the his-
tiocytic marker (CD68) (Fig. 1C), whereas negative for neuro-
endocrine markers, such as CD56, synaptophysin, and chromo-
granin. The low cuboidal cells were immunoreactive for pan-
cytokeratin and the mesothelial markers, such as WT-1 and
calretinin (Fig. 1D). These histopathologic features are consis-
tent with NHMH.

DISCUSSION

NHMH is a benign lesion, which is characterized by non-neo-
plastic proliferation of histiocytes and mesothelial cells. This le-
sion is very rare and only 20 cases have been reported in the liter-
ature (Table 1). Although patients with these tumors range in
age from 2 to 80 years, approximately 70% of the patients are
over 40 years old with a mean age of 50.56. This lesion exhibits
a slightly higher predilection for female in a ratio of 1.33 to 1.
NHMHs are mostly incidental findings and occur at the serosal
lining. The lung and pleura are the most frequently affected sites
and account for 50% of the NHMH cases. The inguinal region,
urinary bladder, and pelvis are less commonly affected sites.

Pathologically, the diagnosis of NHMH is made by identify-
ing nodular proliferation of both histiocytic and mesothelial
components supported by immunohistochemistry. The histio-
cytes are arranged in solid sheets or nests with a mixture of fibrin
materials, and they are immunoreactive against CD68. The me-

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 397



398 e ChungY, etal

Fig. 1. Pathologic findings. (A) Incidentally obtained pelvic nodule reveals a nodular histiocytic and mesothelial hyperplasia, which is a nodu-
lar proliferation of two different cell types, histiocytes and mesothelial cells. (B) High power view shows collection of larger histiocytes, which
is admixed with fibrin materials, and strips of smaller mesothelial cells. (C) The histiocytes are immunoreactive for CDE8. (D) The mesothelial
cells are positive for calretinin.

sothelial component, which is arranged in a glandular- or strip-
like structure, is positive for mesothelial markers such as cal-
retinin and WT-1. The nuclear atypia is typically absent.
Mesothelial/monocytic incidental cardiac excrescence (MICE),
a tumour-like lesion similar to NHMH, is also predominantly
composed of histiocytes and scattered mesothelial cells." It can
occur incidentally in pericardium, heart chamber and valve, and
it has often been found during cardiac valve replacement sur-
gery. MICE are also considered as a reactive condition. There-
fore, NHMH and MICE may belong to the same disease entity.
NHMH is considered a reactive lesion which results from ir-
ritation by inflammation, mechanical trauma, or adjacent tu-
mors.*® Tt has been postulated that the nodular aggregation of
these reactive cells is mediated by adhesion molecules, such as
CD34.” Although our case did not have mechanical irritation
such as previous surgery or procedure, the patient had a large in-

http://jpatholtm.org/

tramural leiomyoma and endometriosis as accompanying dis-
eases, supporting the above mentioned pathogenesis.

Although benign-looking cytological findings support that
the NHMH represents benign reactive proliferation of histio-
cytes and mesothelial cells, the lesion can be confused with other
mesothelial lesions and neoplasms such as low-grade neuroen-
docrine tumors, mesothelioma, granulosa cell tumor, Langerhans
cell histiocytosis, metastatic carcinoma, seminoma and malig-
nant lymphoma. Therefore, immunohistochemical studies as
well as histologic examination with proper clinical history pro-
vide clues to obtain an accurate diagnosis. In the present case,
the solid pattern of histiocytic proliferation with a delicate cap-
illary network (Fig. 1B) was morphologically similar to the his-
tologic finding of a metastatic renal cell carcinoma and paragan-
gioma, which were excluded by immunohistochemistry.

In conclusion, it is important that pathologists should be aware

http://dx.doi.org/10.4132/jptm.2016.01.11
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Table 1. Clinical features and pathologicdifferential diagnosis based on previously reported and present cases
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No. Agsee()3</r)/ Site Underlying condition Differential diagnosis Reference
1 57/M  Lung (LLL)  Old TBC lesions Neuroendocrine neoplasm Chan et al.?
2 51/F  Lung (RLL)  Weil-Felix agglutination test (+), Neuroendocrine neoplasm, ectopic meningioma Chan et al.?
possible rickettsial pneumonia
3 23/F  Lleura Metastatic sarcoma to lung Metastatic sarcoma Ordonez et al.®
4 78/F  Pleura Unknown Metastatic adenocarcinoma, epithelioid Ordonez et al.®
hemangioendothelioma
5 80/F  Pleura Unknown Malignant mesothelioma, metastatic carcinoma, Choi and Song*
ectopic meningioma, paraganglioma
6 Elderly/ Pleura Carcinoma in the lung Primary or metastatic carcinoma, carcinoid tumor,  Chikkamuniyappa et al.®
M mesothelioma, histiocytosis X
7 53/F  Pleura Multiple bilateral lung nodules Primary or metastatic carcinoma, carcinoid tumor, ~ Chikkamuniyappa et al.®
mesothelioma, histiocytosis X
8 79M  Lung Past history of ischemic Malignancy Rossi et al.®
cardiac disease
9 76/F Lung (RLL)  Bilateral pneumonia (history of chronic I Non-small cell carcinoma, neuroendocrine tumors, — Bejarano et al.”
ymphocytic leukemia) ectopic meningioma
10 40/F  Lung (LUL)  Consolidation (lung), scleroderma Non-small cell carcinoma, neuroendocrine tumors, — Bejarano et al.”
ectopic meningioma
11 44/F  Lung (RLL)  History of pancreatic carcinoma, Non-small cell carcinoma, neuroendocrine tumors, — Bejarano et al.”
history of chemopneumonitis ectopic meningioma
12 78/F  Lung (LUL)  Lung mass Non-small cell carcinoma, neuroendocrine tumors, — Bejarano et al.”
ectopic meningioma
13 46/M  Lung (LLL)  Bilateral infiltrates (lung) Non-small cell carcinoma, neuroendocrine tumors,  Bejarano et al.”
(s/p heart transplant) ectopic meningioma
14 62/M  Lung (LLL)  Bilateral infiltrates (lung) Non-small cell carcinoma, neuroendocrine tumors,  Bejarano et al.”
(s/p heart transplant) ectopic meningioma
15 2/M  Inguinal Strangulated hernia - Chan et al.?
16 71/M  Inguinal Relapsed inguinal hernia - Suarez-Vilela and
[zquierdo-Garcia®
17 5M  Inguinal Neuroendocrine tumors, Langerhans cell Caietal®
histiocytosis, seminoma, mesothelioma
18 36/F Pelvis Infertility Well-differentiated adenocarcinoma, Chikkamuniyappa et al.®
leukemia/lymphoma
19 37/F  Pelvis Endometriosis Well-differentiated adenocarcinoma, Chikkamuniyappa et al.®
leukemia/lymphoma
20 74/M  Bladder Noninvasive papillary transitional Invasive transitional cell carcinoma into the Ordonez et al.?
cell carcinoma lamina propria
Present 38/F  Pelvis Uterine leiomyoma endometriosis Metastatic renal cell carcinoma, paraganglioma
case

M, male; LLL, left lower lobe; TBC, tuberculosis; RLL, right lower lobe; LUL, left upper lobe.

of this entity and correlate clinically, histologically, and immuno-

histochemically to make a correct diagnosis.
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Il BRIEF CASE REPORT W

Clear Cell Papulosis: A Case Report

So-Woon Kim - Jin Roh - Chan-Sik Park

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

Clear cell papulosis (CCP) is an extremely rare entity, as only
about two dozen cases have been reported to date in the English
literature." In CCP, white papules arise and cluster bilaterally
along the mammary line, usually over the lower abdomen and
pubis.” There is a predisposition for persons of Asian or Hispan-
ic descents and most cases have been found in healthy children
younger than 6 years old."” Typically, the lesions spontaneously
resolve with age.* Microscopically, the lesions are composed of
aberrant cells derived from sweat gland epithelial cells that grow
in a pagetoid pattern in the epidermis.” CCP provides evidence
for the potential precursor cells for cutaneous Paget’s disease.’
Pathologists should include CCP in the differential diagnosis of

whitish maculopapular lesions in the mammary line.
CASE REPORT

A 2-year-old Korean girl presented with multiple scattered
white papules on her lower abdomen and pubic areas, which had
gradually increased in size. The lesions were asymptomatic with
no pruritus, pain, or sensory impairment. She exhibited no other
remarkable medical conditions. A physical examination revealed
many sharply demarcated, round-to-oval hypopigmented mac-
ulopapules that were predominantly located in the suprapubic
area (Fig. 1).

A punch biopsy was obtained from one of the lesions. Micro-
scopically, the lesion showed mild acanthosis and reduced pig-
mentation of the epidermis (Fig. 2A). A characteristic feature
was the presence of benign pagetoid clear cells in the epidermis.

Corresponding Author

Chan-Sik Park, MD

Department of Pathology, Asan Medical Center, University of Ulsan College of
Medicine, 88 Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea

Tel: +82-2-3010-5838, Fax: +82-2-3010-8675, E-mail: csikpark@amc.seoul.kr

Received: December 28, 2015 Revised: February 2, 2016
Accepted: February 16,2016

pISSN 2383-7837
elSSN 2383-7845

The clear cells occurred either in clusters or singly along the basal
and suprabasal layers of the epidermis and were less frequent near
the surface. There was no involvement of the dermis. The aber-
rant cells were larger than keratinocytes and had abundant pale
eosinophilic to clear cytoplasm without pigmentation (Fig. 2B).
Nuclei were round-to-oval without pleomorphism. Nucleoli
were not prominent. No mitosis was observed. The abnormal
cells were positive for cytokeratin 7 and carcinoembryonic anti-
gen (Fig. 3A, B) by immunohistochemical analyses. By con-
trast, Melan A and S100 protein stains were negative. Only epi-
dermal melanocytes and dendritic cells showed positive staining
for Melan A and S100 protein, respectively (Fig. 3C, D). Epider-
mal keratinocytes were negative for all stains.

DISCUSSION

We here report a case of CCP, which is an extraordinarily rare
condition. CCP is almost always restricted to the skin without
systemic symptoms.” Lesions can be easily missed without sus-
picion because the histologic findings are not readily discernible
to pathologists who are not familiar with this entity." In such cas-
es, the diagnosis can be confirmed pathologically by immunos-
taining.®

The exact reason for the hypopigmented change remains un-
known but may be a consequence of reduced melanization in
the epidermis. Additionally, the number of melanocytes is not-
mal or slightly reduced.” These findings suggest the dysfunc-
tion of melanocytes in lesions, although the role of clear cells in
the pathogenesis of this type of melanocytic dysfunction remains
to be elucidated.®

The differential clinical diagnoses of a hypopigmented lesion
include vitiligo, chicken pox scars, idiopathic guttate hypomela-
nosis, hypomelanotic tinea versicolor, and anetoderma.” In a typi-
cal clinical setting and with microscopic findings that show no
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(B)

Fig. 1. (A) Many small whitish macules are present on the trunk and are particularly numerous in the lower abdomen and pubic area (arrow-
heads). The milk-line distribution of the lesions is notable. (B) Close-up view of the right pubic areas showing round-to-oval hypopigmented

with no scales (arrowheads).

Fig. 2. Biopsy of a clear cell papulosis lesion revealing scattered single clear cells in the basal layer with mild acanthosis and no alteration of
the keratin layer. (A) There is minimal inflammatory cell infiltration in the dermis. (B) At higher magnification, solitary benign-appearing paget-
oid cells with an abundant clear cytoplasm could be observed in the epidermis. No nuclear atypia is noted (arrows, clear cell).

clear cells in basal layer, CCP can usually be differentiated from
the aforementioned diseases. Histological differential diagnoses
include the early stages of extramammary Paget disease, paget-
oid squamous carcinoma, pagetoid melanoma, and sebaceous
carcinoma.” All of these conditions have malignant cytologic fea-
tures, whereas the clear cells of CCP clearly appear to be benign.’
The histological and immunohistochemical staining patterns
suggest that the affected cells in CCP are most likely to be of
sweat gland epithelial cell origin that are derived from Toker
cells.*” However, the natural history of CCP remains unknown.
Notably, there is another Toker cell proliferative lesion called
Toker cell hyperplasia (TCH), which is usually found nearby
extramammary Paget disease. This topographical relation sug-
gested that TCH may be a precursor lesion for extramammary
Paget disease.” There is no discernible histomorphologic differ-
ence between TCH and CCP besides clinical features. Usually,
TCH is clinically unremarkable. Her2/neu immunostaining

http://jpatholtm.org/

shows faint positivity in some TCH but negativity in CCP. Mu-
cin stains are consistently negative in TCH but variably positive
in CCP.

In conclusion, the recognition of hypopigmented lesions in
the mammary line is important in clinical practice. CCP should
be included in differential diagnoses of both hypopigmented le-
sions and depigmented extramammary Paget disease. To the
best of our knowledge, our current case study represents the first
report of CCP in the Korean literature. Awareness and making an
accurate diagnosis of CCP may mitigate overly aggressive man-
agement.
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Fig. 3. The pagetoid cells strongly express cytokeratin 7 (A) and carcinoembryonic antigen (B) but are negative for either S100 protein (C) or

Melan A (D) (arrows, clear cell).
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