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Background: Follicular thyroid carcinoma (FTC) is the second most common thyroid malignancy
and its differential diagnosis includes follicular adenoma (FA) and adenomatous goiter (AG). Sev-
eral ancillary markers have been suggested to aid in the diagnosis of FTC, but the successful use
of these methods still needs to be validated. Methods: In the present study, we verified the im-
munoexpression of HMGA2, CEACAMG, survivin, and SFN/14-3-3 & in lesions including 41 AGs,
72 FAs, and 79 FTCs. We evaluated their diagnostic usefulness, combined with galectin 3, Hector
Battifora mesothelial 1 (HBME1), cytokeratin 19, and cyclin D1, in diagnosing FTC. Results: The
expressions of HBME1 (65.8%) and HMGA2 (55.7%) were significantly higher in FTCs than in FAs
and AGs (p<.001 and p=.005, respectively). HBME1 was the only marker that was more frequent-
ly expressed in FTCs than in FAs (p=.021) and it was more frequently expressed in follicular neo-
plasms than in AGs (p <.001). Among the novel markers, the combination of HMGA2 and HBME1
showed the highest sensitivity (72.2%) and specificity (76.1%) for diagnosing FTC. CEACAMS,
survivin, and SFN/14-3-3 & were barely expressed in most cases. Gonelusions: Our present re-
sults show that only HMGA2 can be beneficial in differentiating FTC using the novel markers.
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Follicular thyroid carcinoma (FTC) is the second most com-
mon thyroid malignancy with a reported incidence of 5%-20%.!
Its preoperative diagnosis is not possible, as FTC can only be
diagnosed in a surgically-resected specimen.” However, the
differential diagnosis between FTC, follicular adenoma (FA),
and adenomatous goiter (AG) is often difficult, even in resected
lesions. Occasionally AG has a fibrous capsule and solid prolif-
eration of follicles, requiring detailed microscopic examination
for its diagnosis.*” The distinction between benign and malig-
nant follicular-patterned lesions solely depends on the presence
of capsular and/or vascular invasion.”” Therefore, all patients
with follicular neoplasm (FN) diagnosed with fine needle aspi-
ration are recommended to undergo a thyroid lobectomy for
histologic confirmation.” If the tumor is diagnosed as FTC, ad-
ditional resection of the remaining thyroid or lymph node is re-
quired.

Previous studies have reported differential expression of sev-
eral genes in malignant neoplasms, and the use of some of those
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markers for differential diagnosis has been subsequently vali-
dated in formalin-fixed paraffin-embedded (FFPE) tissues.*"
DDIT3, ARG2, ITM1, and Clorf24 have been tested as addi-
tional diagnostic tools for distinguishing FTC from FA, but
none have been proven to be reliable markers.!*'” CEACAMO,
HMGA2, and SEN/14-3-3 § (stratifin) need to be validated us-
ing FFPE thyroid tissues. Additionally, it has been suggested
that the expression of survivin is higher in FTC than in FA, but
the number of cases was limited in the study (FTC, 11 cases)."
Galectin 3 (Gal-3), Hector Battifora mesothelial 1 (HBME1),
cytokeratin 19 (CK19), and cyclin D1, all of which are well-es-
tablished diagnostic markers for papillary thyroid carcinoma
(PTC), have also been used in differentiating FTC from other
benign follicular lesions but the results are controversial .52
In the present study, we evaluated the immunohistochemical
expression of HMGA2, CEACAMS, survivin, SEN/14-3-3 §,
Gal-3, HBME1, CK19, and cyclin D1 in lesions including 41
AGs, 72 FAs, and 79 FTCs. We also evaluated their diagnostic
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usefulness in differentiating FTC.

MATEIRALS AND METHODS

Tissue specimens and microarray construction

Formalin-fixed, paraffin-embedded thyroid tissue blocks were
retrieved from the archive maintained at the Department of Pa-
thology, Seoul National University Hospital, from 2001 to 2013.
A total of 192 cases of thyroid lesions consisting of 41 AGs, 72
FAs, and 79 FTCs were identified, and representative tissue blocks
were obtained for all lesions. All cases were surgically resected.
The hematoxylin and eosin—stained slides were reviewed in each
case to confirm the original diagnosis using the strict criteria of
capsular invasion and vascular invasion defined by two patholo-
gists (M.H.J. and H.S.M.). AG cases were selected from the ar-
chives from 2001 to 2007, with identification of the follow-up
records for confirming their benign nature.

Tissue microarrays were constructed for immunohistochemi-
cal staining. A single, large tissue core (4.0 mm in diameter)
was obtained from the most representative area of individual
cases. Additionally, 74 cores of normal thyroid tissue from each
matched thyroid lesion were included for negative controls. This
study was approved by the Institutional Review Board of Seoul
National University Hospital (E-1302-023-462).

Immunohistochemical analyses

Immunohistochemistry was performed on 4-pm-thick sec-
tions of tissue microarray blocks that included 192 surgically-
removed samples. Tissue sections were deparaffinized and rehy-
drated following standard procedures. Heat-induced antigen
retrieval was carried out and sections were incubated with pri-
mary antibodies for 32 minutes at 37°C at a dilution of 1:50 for
HBME] and cyclin D1, 1:100 for Gal-3 and SFN/14-3-3 §,
1:200 for CK19, HMGA2 and CEACAMO6, and 1:600 for sur-
vivin. Monoclonal antibodies were used for Gal-3 (clone 9C4,
Novocastra, Newcastle, United Kingdom), HBME! (clone
HBME-1, Dako, Carpinteria, CA, USA), CK19 (clone RCK108,
Dako), cyclin D1 (clone SP4, Thermo Fisher Scientific, Waltham,
MA, USA), CEACAMG (clone 9A6, Abcam, Cambridge, MA,
USA) and SFN/14-3-3 & (clone 5D7, Santacruz, Dalla, TX,
USA). Polyclonal antibodies were used for HMGA?2 (Biocheck,
Foster city, CA, USA) and survivin (Novus Biologicals, Little-
ton, CO, USA). All immunohistochemical staining was carried
out in a BenchMark XT autostainer (Ventana Medical Systems,
Tucson, AZ, USA) using the DAB detection kit (Ventana Med-
ical Systems).
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Immunohistochemical interpretation

The immunohistochemical staining of tissue microarrays was
evaluated by two pathologists (M.H.J. and H.S.M.). The im-
munoreactivity was scored for Gal-3, HBME1, CK19, cyclin
D1, HMGA2, CEACAMO, survivin, and SEN/14-3-3 § by
categorizing methods based on the percentage of positive cells:
0 (less than 10%), 1 (10%-25%), 2 (26%—-50%), and 3 (more
than 50%). In Gal-3, CK19, survivin, and SFN/14-3-3 §, cyto-
plasmic staining was considered as positive immunoreactivity.
Membranous staining was regarded as positive for HBME1 and
CEACAMBO, and nuclear expression was regarded as positive for
cyclin D1 and HMGA2.

Statistical analysis

The data was analyzed using SPSS ver. 21.0.0 for Windows
(SPSS Inc., Chicago, IL, USA). The y? test or Fisher exact test
was used to compare the expression of markers between differ-
ent diagnostic subgroups. A p-value of <.05 was considered
statistically significant. Sensitivity, specificity, and diagnostic
accuracy were calculated using standard formulae for each mark-
er individually, using histological diagnosis as the gold standard.

RESULTS

Clinicopathologic features

The whole series of samples was obtained from 36 males and
156 females, with a median age of 46 years (range, 9 to 76 years).
The mean size of FAs and FTCs was 1.83 cm (range, 1.4 to0 4.7
cm) and 3.7 cm (range, 0.8 to 7.3 cm), respectively. The FTC
series included samples from 17 males and 61 females, with a
median age of 42 years (range, 9 to 76 years). There were 19
cases with vascular invasion. There was only one case that me-
tastasized to lung, and one case recurred in neck soft tissue 15
months after a total thyroidectomy. Unfortunately, we could
not obtain the clinicopathologic information of the primary tu-
mor of the metastatic FTC. The clinicopathologic characteris-
tics of the 78 primary FTCs are summarized in Table 1.

Immunohistochemical expressions of markers in AGs, FAs,
and FTCs

Most markers, including Gal-3, HBME1, cyclin D1, HMGA2,
CEACAMBO, survivin, and SNF/14-3-3 §, were not expressed in
the 74 normal thyroid tissues. On the contrary, CK19 was ex-
pressed as grade 1 (10%-25%) or 2 (26%-50%) in 31.1% of
the normal thyroid tissues.

In the AG group (n=41), most cases showed negative or lim-

http://jpatholtm.org/



114 Jang MH, et al.

ited immunoreactivity (less than grade 1, <25%) for all eight
markers. Gal-3 was expressed in one case, but it showed rela-
tively diffuse expression (grade 2, 26%-50%). HBME1, CK19,
and cyclin D1 were expressed in only a few cases, showing grade
2 or 3 (grade 2: HBMEL, 2/41; CK19, 3/41; cyclin D1, 3/41;

Table 1. Clinicopathologic characteristics of 78 FTCs

Characteristic Value (n=78)
Age (yn)
Median (range) 42 (9-76)
Sex
Female 61
Male 17
Location
Right lobe 37
Left lobe 38
Isthmus 1
Both lobe 2
T category
T1a 2
T1b ®
T2 37
T3 €8
T4 0
N category
NX 38
NO 37
Nia 1
N1b 2
Tumor size (cm)
Mean (range) 3.7 (0.8-7.3)
Capsular invasion
Minimal 67
Widely 11
Vascular invasion
Absent 59
Present 19

Follow-up duration (yr)
Mean (range)
Distant metastasis

3.33(0.91-8.98)

Absent 77

Present 1
Local recurrence

Absent 77

Present 1

FTC, follicular thyroid carcinoma.

grade 3: HBMEL, 2/41; CK19, 0/41; cyclin D1, 0/41). How-
ever, HMGA?2 was expressed in more cases, showing grade 2
(6/41) and grade 3 (4/41). All cases with expression of HBME1
(3/41) and HMGA?2 (6/41) exhibited a characteristic feature of
microfollicular proliferation of various extents, reminiscent of
EN, and showed HBME1 and HMGA?2 positivity in this area.

In the FA group (n=72), HBMEI, cyclin D1, and HMGA2
were expressed in more than 25% of tumor cells (grade 2: HB-
MEI, 12/72; cyclin D1, 24/72; HMGA2, 12/72; grade 3: HB-
MEL1, 22/72; cyclin D1, 14/72; HMGAZ2, 18/72). There was no
diffuse staining of CEACAMO, survivin, and SNF/14-3-3 8.
CK19 was expressed only in four cases, either as grade 2 (3/72)
or grade 3 (1/72).

The expression of HBME1 and HMGA?2 was the highest in
the FTC group, followed by that of cyclin D1, which was ex-
pressed at a similar frequency with the FA group. However,
HBME1 and HMGA?2 expression were not significantly differ-
ent between FTCs without vascular invasion and FT'Cs with
vascular invasion (p=.382 and p=.418, respectively). The fre-
quency of CK19 expression was higher in the FTC group than
in the FA group, but the difference was not statistically signifi-
cant (p=.133). There was no diffuse staining of CEACAMSG,
survivin, or SNF/14-3-3 § (Table 2).

Overall, among the novel markers, SEN/14-3-3 8 and CEA-
CAMG were not expressed in any of the subgroups, and survivin
was only expressed in a small percentage of lesions (grade 0, less
than 10%) in 14/97 FTCs. Therefore, these three markers were
not helpful in distinguishing the diagnostic subgroups. In con-
trast, HMGA1 was significantly expressed in FTC and FA cas-
es. The represented immunohistochemical expression of all mark-
ers is shown in Fig. 1.

Diagnostic utilities of markers in differentiating FTC and FN

Next, we compared the expression of each marker between
the diagnostic subgroups. As survivin, CEACAMG and SNF/14-
3-3 & were expressed in only a few cases or were not expressed

Table 2. Immunohistochemistry in AG, FA, FTC and its association with histologic diagnosis

Diagnosis Gal-3 HBMET CK19 Cyclin D1 HMGA2
AG (n=41) 1(2.4) 4(9.8) 3(7.3) 4(9.8 10 (24.4)
FA (n=72) 4 (5.6) 34 (47.2) 4 (5.6) 38 (52.8) 30 (41.7)
FTC (n=79) 6(7.6) 52 (65.8) 10 (12.7) 35 (44.3) 44 (55.7)
p-value (FTC vs FA and AG) .364 <.001 121 .321 .005
p-value (FTC vs FA) 748 .021 133 298 .085
p-value (FTC and FA vs AG) 462 <.001 1.000 <.001 .005

Numbers in parentheses indicate percentage of positive cases. p-values are calculated using the x? test or Fisher exact test.
AG, adenomatous goiter; FA, follicular adenoma; FTC, follicular thyroid carcinoma; Gal-3, galectin-3; HBMET, Hector Battifora mesothelial 1; CK19, cytokera-

tin 19.
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Fig. 1. Representative immunohistochemical results in follicular thyroid carcinoma (FTC). Galectin 3 (A), cytokeratin 19 (C), survivin (F), CEAC-
AMB6 (G), and SFN/14-3-3 & (H) are only occasionally expressed or not expressed. However, Hector Battifora mesothelial 1 (B), HMGA2 (E),
and cyclin D1 (D) show diffuse positivity in many FTC cases.

Table 3. Diagnostic values of HBME1/HMGA2 for malignancy (FTC vs FA and AG)

Antibody Sensitivity (%) Specificity (%) PPV (%) NPV (%) Diagnostic accuracy (%)
Single marker

HBMET 65.8 66.4 57.8 735 66.1

HMGA2 55.7 64.6 52.4 67.6 60.9
Double markers

HBME1 and HMGA2 49.4 76.1 52.8 73.8 65.1

HBME1 or HMGA2 72.2 54.9 59.1 68.3 62.0

HBME1, Hector Battifora mesothelial 1; FTC, follicular thyroid carcinoma; FA, follicular adenoma; AG, adenomatous goiter; PPV, positive predictive value; NPV,
negative predictive value.

Table 4. Diagnostic values of markers for FN (FTC and FA vs AG)

Antibody Sensitivity (%) Specificity (%) PPV (%) NPV (%) Diagnostic accuracy (%)
Single marker

HBMET 57.0 90.2 96.0 36.3 64.1

Cyclin D1 48.3 90.2 94.8 32.2 57.3

HMGA2 49.0 75.6 88.1 28.7 54.7
Co-expression among 3 markers

>1 among HBME1, cyclin D1, HMGA2 80.8 75.6 92.4 51.7 79.7

>2 among HBME1, cyclin D1, HMGA2 53.6 85.4 93.1 33.3 60.4

FN, follicular neoplasm; FTC, follicular thyroid carcinoma; FA, follicular adenoma; AG, adenomatous goiter; PPV, positive predictive value; NPV, negative pre-
dictive value; HBME1, Hector Battifora mesothelial 1.

at all, they were excluded from the statistical analysis for the than HMGA2 (sensitivity, 55.7%; specificity, 64.6%).
evaluation of diagnostic utilities. Additionally, we calculated the sensitivity, specificity, and di-
HBMEI! was the only marker that showed differential ex- agnostic accuracy of the combination of HBME1 and HMGA?2
pression frequency between FTC and FA (p=.021) (Table 2). (Table 3). The combined expression of HBME1 or HMGA? rea-
However, it was only expressed in 52 of 79 FTCs (sensitivity, ched the highest sensitivity (72.2%), but the specificity (54.9%)
65.8%) and its specificity remained as 52.8%. When compar- and the diagnostic accuracy (62.0%) were similar or only slight-
ing malignant and benign lesions (FTC vs FA and AG), the ex- ly higher than those of the single markers. The simultaneous
pression of HBME1 (p<.001) and HMGA2 (p=.005) was sig- expression of HBME1 and HMGA? increased the specificity
nificantly different. In the diagnosis of malignancy, HBMEI show- up to 76.1%, but its sensitivity (49.4%) was poor.
ed a slightly better sensitivity (65.8%) and specificity (66.4%) There were no differences when comparing the diagnostic
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utility of the combination of HBMEL, cyclin D1 and HMGA?2
with those of each single marker in neoplastic lesions (EN includ-
ing FTC and FA vs AG) (Table 4). As a single marker, HBME1
showed the highest sensitivity (57.0%), and both HBME1 and
cyclin D1 showed the highest specificity (90.2%). When more
than one marker was expressed among HBMEL, cyclin D1, and
HMGAZ2, the sensitivity reached 80.9%, but the specificity de-
creased.

DISCUSSION

Until now, the entire histologic examination of the fibrous
capsule and vasculature after surgery has been the only way to
precisely diagnose FTC. Thus, a preoperative diagnosis of FTC
is needed in making an accurate preoperative plan and avoiding
unnecessary surgery. In this study, we validated the diagnostic
utility of HMGA2, CEACAMO, survivin, and SNF/14-3-3 &
with several known markers for distinguishing FTCs, expecting
to find out a powerful diagnostic panel.

HMGA2, CEACAMG6, and SFN/14-3-3 § were identified as
promising molecular markers that were differentially expressed
between benign and malignant thyroid tumors in a previous
report by Prasad et a/.'* In the immunohistochemical study,
HMGA?2 and SFN/14-3-3 § were highly expressed in malig-
nant tumors (HMGA2, p<.001, area under the curve [AUC]=
0.84; SEN/14-3-3 §, p<.001, AUC=0.83). However, CEA-
CAMBG did not show significantly different immunoreactivity.®
Belge er al.”? suggested that quantifying HMGA?2 expression
by reverse transcription polymerase chain reaction had a high
potential to improve the diagnosis of FNs with a sensitivity of
95.9% and a specificity of 93.9%. In our study, the sensitivity
and specificity of HMGA?2 for FTC were 55.7% and 64.6%,
respectively. However, CEACAMG was only expressed in infil-
trated inflammatory cells (Fig. 1). SEN/14-3-3 § was only vali-
dated in 14 FTC cases in a previous study and thus, the results
needed to be verified. Interestingly, its expression was specific for
PTC.2?' Nevertheless, our study suggested that SFN/ 14-3-3 &
was not an applicable marker for FTC and FN.

Haghpanah er a/."" reported that the cytoplasmic expression of
survivin was significantly higher in FTCs than in FAs (p <.005),
with a high odds ratio (odds ratio, 21.4), but the number of cas-
es was limited (11 FTC cases, 23 FA cases). Recently, Kim ez
al.*? observed the immunoexpression of survivin in 13/57 FICs
but also in 21/58 FA cases. However, survivin was only express-
ed in a small proportion (< 10%) of FTCs (14/ 97) in our study
(Fig. 1).
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Among the well-known markers for PTC that we tested in
this study (Gal-3, CK19, and HBME1), HBME1 was the only
one expressed at significantly higher levels in the FTC group
compared to other groups. The use of HBME1 as a marker of
FTC is controversial, and its low specificity has not allowed for
the differential diagnosis of FTCs in previous reports.>*! Our
study yielded a similar result, showing that although the ex-
pression of HBME1 was significantly higher in the FTC group,
it was expressed in almost half of FAs as well. However, it could
differentiate FNs from AGs (p<.001), showing positivity in
only 4/41 AG cases.

Lastly, our results suggest that the combination use of HBME1
and HMGA? can be beneficial in the differential diagnosis of
FTC. Both markers showed significantly increased expression in
FTCs when used alone. When either HBME1 or HMGA?2 alone,
or both HBME1 and HMGA?2 were expressed in lesions, the
sensitivity for detecting FTC reached 72.7%. When both mark-
ers were simultaneously positive, the specificity reached 76.1%.
Therefore, the concurrent use of HBME1 and HMGA?2 may be
more beneficial than the single use, but it requires a more so-
phisticated interpretation for FTC diagnosis.

In summary, among all the novel immunohistochemical mark-
ers that we tested, HMGA2 was expressed at a higher level in
FTCs than in FAs or AGs, but its overall sensitivity was slightly
lower than that of HBME1. However, the combination of HM-
GA2 and HBME1 may be beneficial in differentiating FTCs, as
it increased the sensitivity and the specificity for FTCs. Although
survivin, CEACAMOG, and SFN/14-3-3 § were initially promis-
ing in differentiating malignancy, our results showed that only
HMGA?2 could help in the diagnosis of FTC.
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