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Assessing the potential of high-mobility group AT-hook 2
immunohistochemical staining as a prognostic marker of
metastatic recurrence in follicular thyroid cancer: a
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Abstract. High-mobility group AT-hook 2 (HMGA?2) is a nuclear protein involved in the differentiation and proliferation of
epithelial-derived tumors and also considered to be involved in the growth and differentiation of various malignant tumors,
including thyroid cancer. Immunohistochemistry (IHC) for HMGA?2 has been reported to show diffuse positivity in several
follicular thyroid carcinoma (FTC) cases. This study aimed to investigate whether positive immunohistochemical staining for
HMGA? in primary tumors can be used to predict the prognosis and detect prognostic factors in malignant thyroid tumors
associated with metastatic recurrence in FTC. Formalin-fixed, paraffin-embedded (FFPE) resected specimens used for the
IHC for HMGAZ2. The association of positive HMGA?2 staining with metastasis and recurrence, along with the potential of
HMGA? as a prognostic marker of metastatic recurrence, was statistically determined. HMGA?2 staining was positive in most
malignant tissues, whereas benign tissues were unstained. HMGA2 staining of the marginal and invasive regions was
observed in FTC tissues. The association of HMGA?2 staining with metastasis and recurrence was significant (p = 0.018).
Kaplan-Meier curves showed an association of negative HMGA?2 staining with metastasis and disease-free survival (p =
0.090). Tumor size (>4 cm) and wide invasion were also significant factors (p = 0.043, p < 0.001). The risk ratio without
HMGA?2 was significantly reduced by 30% compared to that with HMGAZ2. In primary tumors, positive HMGA?2 staining can
be used to predict prognosis in malignant thyroid tumors associated with metastatic recurrence in FTC and negative HMGA2
staining may indicate longer disease-free survival after surgery.
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Introduction

High-mobility group AT-hook 2 (HMGA?2) is a high-
mobility group (HMG) protein. It is a non-histone
chromatin-associated protein that binds to adenine-rich
and thymine-rich (AT-rich) hooks of DNA that exist in
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the minor grooves [1]. HMGAZ2 protein is encoded by the
HMGA?2 gene, which functions as an architectural factor
to regulate transcription and maintain the structure of
chromatin prog [1]. Several studies have reported that
HMGA? is overexpressed in various malignant tumors [2].
HMGAZ? is essential for early embryogenesis and onco-
genesis because it plays an essential role in epithelial-
mesenchymal transition (EMT), a process that causes
morphological changes from epithelial to mesenchymal
cells [3]. Thus, cancer recession is accelerated by the
activation of several HMGA?2 pathways [1]. For exam-
ple, EMT plays a significant role in tumor progression,
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metastasis, and drug resistance in colorectal cancer [4].
Particularly, an association between HMGA?2 expression
and tumor metastasis has been reported. HMGA?2 expres-
sion has a high potential for improving the diagnosis of
follicular neoplasms of the thyroid [5]. Moreover, it has
also been reported as an independent prognostic factor
for both perihilar and distal cholangiocarcinoma [6].

Thyroid cancer is one of the most common endocrine
tumors with the lowest mortality rate [7]. Differentiated
cancers derived from the follicular thyroid cell linecage
include papillary thyroid carcinoma (PTC) and follicular
thyroid carcinoma (FTC). PTC accounts for 90% of all
thyroid cancers, and FTC, the second most prevalent type,
accounts for approximately 10% of all cases [7]. In con-
trast, undifferentiated cancers, including medullary thy-
roid cancer and ATC, account for less than 5% of all
cases [7]. Compared with PTC, FTC is more difficult to
diagnose and prognose. This can be attributed to the
following reasons. First, FTC is diagnosed based on fol-
licular structure, capsular invasion, and vascular invasion.
However, these characteristics cannot be clearly dis-
cerned using conventional hematoxylin—eosin (HE) stain-
ing. For example, the cell morphology of FTC, benign
tissues, and follicular adenoma (FA) can hardly be distin-
guished using HE staining. Second, most patients with
PTC have good long-term survival, but the prognosis of
patients with FTC is worse as it easily metastasizes to
bones, lungs, and lymph nodes. Some studies have sug-
gested that survival and mortality rates depend on the
degree of capsular or vascular invasion, age, and pres-
ence or absence of distant metastasis [7]. FTC has a
poorer prognosis than PTC, and their prognostic factors
differ [8-14]. Some prognostic factors of FTC have been
investigated, especially in Japan.

Ito et al. investigated whether and how well the 8"
edition of the tumor-node-metastasis (TNM) staging sys-
tem reflected the cause-specific survival (CSS) of
patients with PTC by analyzing the cases in 5,892 patients
who underwent initial surgery between 1987 and 2005.
Using the 7" edition, the CSS of patients with stage IVA
and stage III disease was similar. In contrast, using the
8t edition, CSS was poorer in stage II than in stage I, in
stage III than in stage II, and in stage IVB than in stage
III. Similar results were observed for disease-free sur-
vival (DFS) [15]. Several studies have indicated age
(>45 years), tumor size defined as the maximum diame-
ter of the resected primary tumor (>4 cm), and wide
invasion as prognostic factors of FTC [9, 11, 12, 16-22].
Patients with minimally invasive FTC and those aged
>45 years have been reported to demonstrate poorer DFS
than those aged <45 years [18].

Previous studies have shown that HMGA?2 expression
has a wide range of sensitivity and specificity for the dif-

ferentiation of malignant thyroid tissues [23-26] and that
HMGAZ2 is significantly overexpressed in thyroid carci-
noma compared to benign tumors [27]. Chromosomal
translocations previously associated with human tumors
reportedly disrupt the repression of HMGA2 by let-7
miRNA [28].

In PTC, EMT is associated with aggressiveness regu-
lated by vimentin [29]. Molecular studies have shown
that HMGA2 may be useful in distinguishing between
benign and malignant thyroid tumors [30]. Overexpres-
sion of miRNA98-5p reportedly inhibits cell growth by
inducing apoptosis and suppressing HMGA2 protein
expression in PTC through suppression of HMGA2 [31].
The signaling pathway from thyroid transcription factor
1 (TTF-1) to HMGAZ2, which is important for controlling
lung cancer metastasis, is mediated by miR-33a [32].
HMGAZ2 plays an important anticancer role in PTC [33].

Immunohistochemistry (IHC) for HMGA2 has been
reported to show diffuse positivity in many FTC cases.
Thus, HMGAZ2 staining could be beneficial in differenti-
ating FTC [34]. Therefore, this study aimed to investi-
gate whether positive immunohistochemical staining for
HMGA?2 in primary tumors can be used to predict the
prognosis in malignant thyroid tumors associated with
metastatic recurrence in FTC [35].

Materials and Methods

Study participants

We examined 26 thyroid samples retrieved from surgi-
cal pathology files of Kuma Hospital (Kobe, Japan).
These included five cases of PTC, three cases of FTC,
three cases of anaplastic cancer (ATC), three cases of ade-
nomatous goiters (AG), one case of FA, and 11 normal
thyroid tissues after thyroidectomy diagnosed according
to WHO classification [7]. In this retrospective cohort
study, 44 thyroid samples were collected from patients
with FTC whose electronic records were available after
thyroidectomy at Dokkyo Medical University Hospital,
including patients who were already diagnosed with M1
at the time of surgery. The mean follow-up duration was
9.94 years (median 9.0 years; range 0-36 years between
1986-2022). The age of the patients ranged between 18—
86 years (median, 53.5 years). The average thyroid nod-
ule size was 3.82 cm (median, 3.5 cm; range, 0.8-9.5 cm).

Evaluation for immunohistochemical examination
IHC staining of HMGA2 was performed using 4-um-
thick sections of formalin-fixed, paraffin-embedded (FFPE)
tissue blocks of the primary and metastatic tumors from
our archive of resected specimens using an anti-HMGA2
monoclonal antibody (D1A7, Cell Signaling Technology,
Beverly, MA, USA). Staining was enhanced using
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an enhancer (Can Get Signal; Toyobo, Tokyo, Japan).
Adjacent sections were stained with HE to confirm the
histological types. The staining intensity was categorized
as —, 1+, 2+, and 3+, and specimens with scores of 2+ or
3+ were defined as “positive.” In all specimens, compar-
isons were made with the staining of normal tissue sur-
rounding the nodules, which was considered negative, as
previously reported [36], with a staining intensity of — or
1+. Three investigators independently examined the stain-
ing in a blinded manner, and their positive and negative
assessments were fully concordant across all specimens.

Statistical analysis

All statistical analyses were conducted using SPSS
version 29.0. (IBM, Armonk, NY, USA). Fisher’s exact
test and Kaplan-Meier analysis with log-rank tests were
used to compare the groups and estimate the risk ratios
and 95% confidence interval. The level of significance
was set at p < 0.05.

Ethical considerations

This study was conducted in accordance with the
tenets of the Declaration of Helsinki and approved by the
Certified Review Board of the Dokkyo Medical Univer-
sity Hospital (25100, R-62-18J). The need for informed
consent was waived due to the retrospective nature of
the study based on “Ethical Guidelines for Medical and
Biological Research Involving Human Subjects.” The
information disclosure documents were shown, and a
poster containing items to be disclosed was displayed in
our hospital to provide opportunities to disclose this study.

Results

Expression of HMGA2 in thyroid tissues

First, the 26 thyroid samples, including 15 thyroid dis-
ease tissues, were stained immunohistochemically with
HMGAZ2. Positive staining was observed in the majority
(six of eight) of the malignant tissues (PTC and FTC),
and all ATC cases (three of three) showed focal staining
of cell nuclei. A case of minimal invasion in the primary
FTC with HE and HMGAZ2? staining is shown in Fig. 1.
The capsular invasion stained for HMGA2 while the
intra-capsular area did not. In contrast, benign tissues
(one FA and three AG) did not demonstrate positive
staining (Fig. 2). These findings strongly suggest the
involvement of HMGA?2 in malignant tumors. HMGA2
expression was observed in malignant tissues, especially
in those with high malignant potential.

Expression of HMGA2 in FTC
Based on the aforementioned findings, we conducted a
basic study on the sensitivity of HMGA?2 staining and

Fig. 1

HE and HMGAZ2? staining in follicular thyroid carcinoma
(FTC). A case of minimal invasion in the primary tissue.

A, capsular invasion (#1, #2) are indicated by red circles
and intra-capsular area (#3) are indicated by blue circle
(%10 magnification). B and C, marginal area of FTC with
capsular invasion stained using HE (B) or HMGAZ2 (C). B,
capsular invasion with HE (#1). C and D, staining of
HMGAZ2 in capsular invasion (#1). C, positive staining of
HMGAZ2 is indicated by red circle. D, the invasive area is
shown with positive staining of HMGA2 (x40
magnification). E, negative staining of HMGA2 in the
intra-capsular area (#3).

IHC in 44 patients diagnosed with FTC using conven-
tional pathological methods. HMGA2 staining of the
marginal and invasive regions was observed in 30 of the
44 primary tumor tissues, all of which were selectively
located directly under the tumor capsule or in the infiltra-
tion area. However, all primary tumors were positive for
HMGA?2 and stained more diffusely. Overall, staining
observed in FTC tumor tissues was considered focal and
not diffuse. Moreover, metastatic tissues with FTC in
both bone and brain metastasis cases stained for HMGA?2

(Fig. 3).
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Fig.2 HE and HMGA?2 staining in benign tissues

A, follicular adenoma. B, adenomatous goiter. C, normal
tissue.

Characteristics of the study participants

Of the 44 patients examined, 10 developed metastases
outside the thyroid gland and experienced thyroid recur-
rence after surgery. Four patients had distant metastases
at the time of initial evaluation. Four patients developed
distant metastases to the lung and thyroid recurrences at
1, 2, 12, and 13 years after surgery; one patient devel-
oped metastasis to the lung after 6 years of surgery and
thyroid recurrence; and one patient developed thyroid
recurrence after 10 years of surgery.

The baseline characteristics of the HMGA2-positive
and HMGAZ2-negative groups of the 44 patients (includ-
ing M1) are shown in Table 1. Patients were divided into
two groups according to their age at the time of surgery:
<45 and >45 years. Tumor size, defined as the maximum
diameter of the resected primary tumor recorded in the
pathological report, was divided into two groups: <4 cm

Fig.3 HMGA?2 staining in metastatic tissues with follicular
thyroid carcinoma (FTC)

A, a case of bone metastasis. B, a case of brain metastasis.

and >4 cm. In addition, we used sex, TNM [pT: T1 (Tla
and T1b), T2, T3 (T3a and T3b), T4 (T4a and T4b), pN:
LN metastasis, and pM: distant metastasis], capsular
invasion, vascular invasion, type of invasion (widely,
encapsulated angioinvasive and minimally invasive), and
HMGA staining as factors.

Association of positive HGA?2 staining with
metastasis and recurrence

Fisher’s exact test revealed an association of positive
HMGAZ2 staining with metastasis and recurrence (Table 1).
In all patients, the association of positive HMGA?2 stain-
ing with metastasis and recurrence was found to be sig-
nificant (p = 0.018).

Potential of HMGA?2 as a prognostic marker of
metastatic recurrence

Baseline characteristics at the primary surgery of
metastatic FTC and metastasis-free FTC cases are shown
in Table 2. HMGAZ2 staining (MO) could determine prog-
nosis and presence or absence of metastasis, with a sensi-
tivity of 100%, specificity of 41.2%, positive predictive
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Table 1 Baseline characteristics between HMGA?2 positive group and HMGA?2 negative group

Overall HMGA2
N=44 Positive (N = 30) Negative (N = 14) p value
N % N % N %

Age 0.738
>45 yr. 29 65.9 19 63.3 10 71.4
<45 yr. 15 34.1 11 36.7 28.6

Gender 0.132
Male 11 25.0 5 16.7 6 429
Female 33 75.0 25 83.3 57.1

Size 0.489
>4 cm 29 65.9 11 36.7 3 21.4
<4 cm 15 34.1 19 63.3 11 78.6

pT 0.290
T4 (T4a & T4b) 4 9.1 4 13.3 0 0.0
T1-T3 40 90.9 26 86.7 14 100.0

pN 1.000
N1 (Nla & N1b) 5 11.4 4 13.3 1 7.1
NO 39 88.6 26 86.7 13 92.9

pM 0.290
Ml 4 9.1 4 133 0 0.0
MO 40 90.9 26 86.7 14 100.0

Capsular Invasion 0.540
) 42 95.5 29 96.7 13 92.9
=) 2 4.5 1 33 1 7.1

Vascular Invasion 1.000
) 27 61.4 18 60.0 64.3
) 17 38.6 12 40.0 35.7

Type of Invasion 0.076
Widely 11 25.0 10 333 1 7.1
Encapsulated angioinvasive and Minimally 33 75.0 20 66.7 13 92.9

Metastatic Recurrence 0.018
+ metastasis 10 22.7 10 333 0 0.0
— metastasis 34 77.3 20 66.7 14 100.0

value of 23.1%, and negative predictive value of 100%,
suggesting its application in the exclusion of metastasis
in postoperative diagnosis.

Kaplan-Meier curves with log-rank tests showed an
association between positive HMGA?2 staining with metas-
tasis and recurrence, but the relationship did not reach
statistical significance. Moreover, a significant associa-
tion of HMGAZ2 negativity with metastasis and DFS was
observed (p = 0.090) (Fig. 4). The association of positive
HMGAZ2 staining with metastasis and recurrence was not
significant. However, this difference was only marginally
significant (p < 0.10). Therefore, an association of posi-
tive HMGA?2 staining with metastasis and recurrence

cannot be ruled out. However, further studies are required
to confirm this association. Tumor size (>4 cm) and wide
invasion were also found to be significant factors (p =
0.043, p <0.001, Fig. 4), which was consistent with pre-
vious reports.

Estimated risk ratios for metastatic recurrence in
patients with FTC

We estimated the risk ratios for metastatic recurrence
in patients with FTC with and without HMGAZ2. The risk
ratio without HMGA2 was significantly reduced by 30%
compared to that with HMGA2 (95% CI in the group
without HMGA?2 was 0.395-0.947, Fig. 5).

Endocr J 2025, 72 (5), 535-543.
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Table 2 Baseline characteristics at the Primary Surgery between Metastatic FTC and Metastasis-Free FTC

Metastatic Recurrence

Overall
N=40 Yes (N = 6) No (N =34) p value
N % N % N %
Age 0.615
>45 yr. 26 65.0 50.0 23 67.6
<45 yr. 14 35.0 50.0 11 32.4
Gender 0.689
Male 9 22.5 1 16.7 9 26.5
Female 31 77.5 5 83.3 25 73.5
Size 0.043
>4 cm 12 30.0 4 66.7 8 23.5
<4 cm 28 70.0 333 26 76.5
pT 0.109
T4 (T4a & T4b) 3 7.5 333 1 2.9
TI-T3 37 92.5 66.7 33 97.1
pN 0.878
N1 (Nla & N1b) 3 7.5 1 16.7 2 5.9
NO 37 92.5 5 83.3 32 94.1
Capsular Invasion 0.492
) 38 95.0 6 100.0 32 94.1
) 2 5.0 0 0.0 2 5.9
Vascular Invasion 0.914
) 24 60.0 4 66.7 20 58.8
-) 16 40.0 2 333 14 41.2
Type of Invasion <0.001
Widely 8 20.0 5 83.3 3 8.8
Encapsulated angioinvasive and Minimally 32 80.0 1 16.7 31 91.2
HMGA2 0.090
Positive 26 65.0 6 100.0 20 58.8
Negative 14 35.0 0 0.0 14 38.2
Discussion both PTC and undifferentiated carcinoma were positive

HMGA?2 is involved in the growth and differentiation
of stem cells [2] and various malignant tumors, including
thyroid cancer. In this study, we found that most differen-
tiated and all undifferentiated carcinomas stained positive
for HMGAZ2, whereas benign diseases stained negative.
These findings strongly suggest the involvement of
HMGA?Z? in the pathogenesis of malignant tumors. HMGA2-
positive cases exhibited the distribution of positive cells
in a focal pattern within the tissue. Therefore, we were
able to identify tissues in which even a small portion of
strongly positive cells were found. In contrast, in previ-
ously reported cases, the positive cells were reported to
be diffusely stained in the tumor tissue area. The focal
staining pattern obtained in this study may reflect the
diversity of cells in the tumor tissue. In the present study,

for HMGA?2 staining, which was generally consistent
with the positivity rates (67-92%) reported previously. In
contrast, some previously reported positive rates (19—
56%) were not consistent with those reported in our study
[27, 34, 36]. Whether this difference was due to regional
or racial differences in patients or due to variations in the
judgment of the pathologists in diagnosing FTC [37]
remains unclear.

Some previous studies have shown a recurrence-free
rate of 100% in patients with FTC after total thyroid-
ectomy [38]. This indicates that aggressive complementary
total thyroidectomy or intra-iodine radioiodine therapy,
including ablation, could improve the prognosis in
patients with these factors. In contrast, we observed longer
DFS in HMGAZ2 staining-negative cases. Risk factors for
distant metastases in follicular thyroid cancer include

Endocr J 2025, 72 (5), 535-543.
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Fig. 4

Kaplan-Meier analysis with log-rank test was performed.
A, size of primary tumor (p value = 0.043). B, type of
Invasion (p value < 0.001). C, HMGAZ2 staining (p value
=0.090). * p<0.1, ¥* p<0.05, *** p <0.001.

HMGA? positivity, tumor size (>4 cm), and wide inva-
sion. Patients with these factors should be followed up,
and their prognoses require further investigation.

The use of HMGAZ2 as a diagnostic marker has already
been investigated using reverse transcription polymerase
chain reaction (RT-PCR) in Europe and the United States
[23, 27, 39, 40]. According to these studies, the fre-
quency of HMGA2 mRNA overexpression in different
types of thyroid cancer was 77-96% in PTC, 81-90% in
FTC, and 67-100% in undifferentiated carcinoma. More-

Risk Ratios for Metastatic Recurrence
in FTC Patients

10 —4—10 _

0.8
Q07
0.6
0.4
0.2
0.0
+ HMGA2 - HMGA2

Fig. 5 Estimated risk ratios for metastatic recurrence in patients
with follicular thyroid carcinoma (FTC) with or without
HMGA2

95% CI of the group without HMGA2 was 0.395-0.947.

over, the overexpression found using RT-PCR was gener-
ally higher than that observed using IHC. Although the
sensitivity of detection was probably amplified by PCR,
the superior capacity of IHC could easily demonstrate
that tissue heterogeneity remains unchanged during
detailed pathological examinations.

Our study had a few limitations that need considera-
tion. First, patients with M1 disease at the initial exami-
nation were included. Therefore, reverse causation cannot
be ruled out. However, the possibility of reverse causa-
tion may be minimal because the difference in phi coeffi-
cients between all participants and those with M0 was
slight. Second, since the sample size was limited, our
findings cannot be generalized. Future studies with larger
sample sizes are required to validate our study findings.

Conclusion

Positive IHC staining for HMGA?2 in primary tumors
can be used to predict the prognosis and detect prognos-
tic factors in malignant thyroid tumors associated with
metastatic recurrence in FTC (Graphical Abstract).
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