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Abstract: High-mobility group AT-hook 2 (HMGA2) is involved in a wide spectrum of
biological processes and is upregulated in several tumors, but its role in renal carcinoma remains
unclear. The aim of this study was to examine the expression of HMGA2 and its relationship
to the overall survival (OS) of patients with non-metastatic clear cell renal cell carcinoma
(ccRCC) following surgery. The expression of HMGA2 was evaluated retrospectively by
immunohistochemistry (IHC) in 162 patients with ccRCC who underwent nephrectomy in
2003 and 2004. An IHC analysis revealed that HMGA2 was expressed in the nuclei of tumor
cells in 146 (90.1%) patients with ccRCC. The level of HMGA2 was positively correlated
with tumor size, lymph node metastasis, and Fuhrman Grade. A Kaplan–Meier analysis with
log-rank test found that patients with high HMGA2 expression had a poor outcome and that
patients with low HMGA2 expression had better survival. Cox regression analysis showed
that HMGA2 expression could serve as an independent prognostic factor for ccRCC patients.
The efficacy of the following prognostic models was improved when HMGA2 expression was
added: tumor node metastasis stage, UCLA Integrated Scoring System, Mayo Clinic stage,
size, grade, and necrosis score. In summary, this study showed that HMGA2 expression is
an independent prognostic factor for OS in patients with ccRCC. HMGA2 was found to be a
valuable biomarker for ccRCC progression.
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Renal cell carcinoma (RCC) is the most common urologic tumor in adults and accounts
for approximately 3% of all human malignancies.1 Clear cell renal cell carcinoma
(ccRCC), which is the most common histological subtype of RCC, accounts for 85%
to 90% of renal malignancies and has the worst prognosis among RCCs.2 Surgery is the
preferred treatment for localized ccRCC, but as many as 30% of patients who undergo
surgery with curative intent experience local recurrence or distant metastasis, which
often leads to a poor prognosis.3 Traditional prognostic factors, such as tumor node
metastasis (TNM) stage, presence of necrosis, and ECOG-PS, as well as a combination of these factors provide a useful benchmark to determine prognosis and select a
treatment strategy. However, sometimes discrepancies arise between predictions and
practical clinical outcomes.4 Recent studies have revealed a number of prognostic biomarkers that are associated with different features of RCC biology, and novel models
that combine conventional clinicopathological factors with molecular biomarkers
have been established to allow for more a precise prediction of clinical outcomes.5–8
Therefore, it is of great value to seek molecular markers that will improve the individual
therapeutic management and clinical outcome of patients with ccRCC.
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The high-mobility group A (HMGA) protein family comprises the high-mobility group AT-hook 1 (HMGA1; coded
by a gene on chromosome 6p21 through alternative splicing) and high-mobility group AT-hook 2 (HMGA2; coded
by a gene on chromosome 12q14-15) proteins, which are
characterized by their ability to bind to nucleotide sites rich
in adenine and thymine.9 The HMGA proteins act as architectural transcription factors by altering the conformation of
transcription factors and the chromatin structure, and thus
these proteins modulate gene transcription.10 HMGA proteins
are expressed at high levels during embryonic development,
whereas their expression is strongly reduced or nearly absent
in adult organs.11 The re-expression of both HMGA1 and
HMGA2 at high levels in adults is seen in a variety of malignant and benign tumors.10,12 It has been generally recognized
that both the HMGA1 and HMGA2 proteins play a role in
malignant cell transformation and progression of several
tumor types. Recent studies have revealed that HMGA1 is
overexpressed in RCC and plays a key role in the control of
the aggressiveness of renal cancer cells.12 However, the role
of HMGA2 in renal carcinoma is still unknown.
In this study, we examined the expression of HMGA2 by
IHC in ccRCC tissues derived from patients who underwent
radical surgery. We then aimed to evaluate the association
between HMGA2 expression and prognosis and its potential
utility as a prognostic marker for ccRCC to develop a better
understanding of the role of HMGA2 in ccRCC.

Materials and methods
Patients and samples
The current study included 162 patients with localized or
locally advanced ccRCC who presented at The First Affiliated
Hospital and The Third Affiliated Hospital of Sun Yat-sen
University between 2003 and 2004. The histological type of
all specimen sections was determined by experienced pathologists, and all samples were diagnosed as conventional ccRCC.
The clinical tumor stages and characteristics were classified
according to the TNM classification system. The original inclusion criteria were as follows: 1) patients who received radical
nephrectomy by either the open approach or by laparoscopy;
2) confirmation of ccRCC by postoperative histopathologic
diagnosis; 3) no radiotherapy or chemotherapy before surgery;
and 4) M=0 based on the JCC TNM classification. Patients
who died of postoperative complications were excluded. This
research is in compliance with the Helsinki Declaration and
was approved by the Institutional Ethics Review Committee
of Sun Yat-sen University. Written informed consents were
obtained from all patients involved in this study.
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Immunohistochemistry
IHC was performed on paraffin-embedded samples of the
primary carcinomas from 162 patients. The pathological
sections were deparaffinized in xylene and rehydrated in a
graded series of ethanol, followed by antigen retrieval in a
microwave. The sections were incubated with 0.3% hydrogen peroxide for 10 min at room temperature to quench
the activity of endogenous peroxidase. The sections were
then incubated with a rabbit HMGA2 polyclonal antibody
(Abcam; Rabbit polyclonal to HMGA2; ab52039) overnight
at 4°C at an optimal working dilution of 1:100. After sufficient rinses in phosphate buffered saline (PBS), the sections
were incubated with goat anti-rabbit polymers. The staining
was scored by two independent investigators who were
blinded to the clinicopathological and prognostic data. The
staining intensity (0: negative, 1: weak staining, 2: moderate
staining, and 3: strong staining) and staining extent (0–100)
were evaluated in ten randomly selected high-power fields.
A semiquantitative IHC score was generated by calculating
the product of the staining intensity and the percentage of
cells stained; final scores that ranged from 0 to 300 for each
sample were obtained.

Statistical analysis
SPSS 17.0 statistical software package (SPSS Inc., Chicago,
IL, USA) and Stata 12.0 (StataCorp, College Station, TX,
USA) were used for all statistical analyses in this study.
The frequency distributions were compared by χ2 test.
Continuous variables were compared using Student’s t-test.
The primary outcome measure was the length of survival
as measured from the time of the original surgery. Kaplan–
Meier survival analysis was used to assess the overall survival
(OS), whereas the significant differences between survival
curves were determined by the log-rank test. Variables that
were found to be significant on univariate analysis at P#0.05
were included in multivariate analyses. Cox proportional
hazards models were generated for multivariate analyses.
All P-values ,0.05 were considered statistically significant
by a two-tailed test.

Results
Immunohistochemical findings
To evaluate the role of HMGA2 in ccRCC, we first evaluated
HMGA2 expression by IHC in 162 specimens from patients
with ccRCC. HMGA2 expression was detected in the tumor
cell nuclei of 146 (90.1%) cases of ccRCC. Samples from
eleven cases showed complete negative staining. Representative immunohistochemical staining results are shown
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in Figure 1. A semiquantitative IHC score was adopted as
described in “Materials and methods” section, and the schematic diagram of scoring is shown in Figure 2. The specific
staining scores with variable staining intensity in the different specimens ranged from 0 to 290. A median score of 106
was adopted as a cutoff to segregate all samples into either
the low expression group (0–106) or the high expression
group (107–290).

Correlation between patient
characteristics and HMGA2 expression
The demographic data and clinicopathological characteristics
are summarized in Table 1. The present cohort included
58 male and 104 female patients with a mean age of
52.6±10.6 years. The mean tumor diameter was 4.5±2.5 cm,

HMGA2 predicts survival in renal carcinoma

and the TNM staging distribution was as follows: stage I,
42 patients; stage II, 72 patients; stage III, 41 patients; and
stage IV, 7 patients. In addition, the Fuhrman staging distribution was as follows: grade I, 44 patients; grade II, 60 patients,
grade III, 37 patients, and grade IV, 21 patients. Histological
necrosis was observed in 36 (22.2%) patients, and microvascular invasion (MVI) was observed in 26 (16.0%) patients.
Moreover, lymph node metastasis was present in 29 (17.1%)
patients at the time of surgery.
High expression of HMGA2 in the tumor cell nuclei was
significantly associated with large tumor size (P=0.043),
lymph node metastasis (P=0.027), and higher Fuhrman grade
(P=0.036). A borderline significant correlation was observed
between HMGA2 nuclear staining and lymph node metastasis
(P=0.027). However, no significant correlation was observed
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Figure 1 Typical immunohistochemical staining samples and the corresponding staining intensities of HMGA2 in ccRCC tissues.
Notes: (A) Renal carcinoma tissues showed strong nuclear HMGA2 staining. (B) Renal carcinoma tissues showed moderate nuclear HMGA2 staining. (C) Renal carcinoma
tissues showed weak HMGA2 staining. (D) Renal carcinoma tissues showed negative HMGA2 staining. Bars: 50 μm.
Abbreviations: HMGA2, high-mobility group AT-hook 2; ccRCC, clear cell renal cell carcinoma.
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Table 1 Correlation between HMGA2 expression and clinico
pathological characters in patients with ccRCCC
Variable
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Figure 2 Schematic diagram of scoring.
Notes: The intensity score was obtained based on staining intensity as following:
negative, 0; weak, 1; moderate, 2; and strong, 3. Meanwhile, the percentage (1–100)
of stained cells was also evaluated in ten randomly selected high-power field. The
total score was the product of intensity score and percentage value.

between HMGA2 nuclear staining and patient age, sex, tumor
stage, necrosis, or MVI.

Prognostic impact of HMGA2 expression
Based on the IHC scores for HMGA2, a median score of 106
was adopted as a cutoff to classify all samples into the low
expression group (0–106, n=86) or the high expression group
(107–290, n=76). Kaplan–Meier curves were constructed to
determine whether HMGA2 expression was correlated with
OS in these two groups. Sixty-one patients in the cohort died
before the last follow-up. A Kaplan–Meier survival analysis
showed that high HMGA2 expression was associated with
decreased OS (P,0.001), as shown in Figure 3.
To identify whether HMGA2 expression was an independent prognostic factor in patients with ccRCC, univariate
and multivariate analyses were applied for OS. As presented
in Table 2, by univariate analysis, we found that HMGA2
expression (hazard ratio [HR] =2.815, 95% confidence interval [CI] 1.528–5.186; P,0.001), together with tumor size,
pT stage, pN stage, Fuhrman grade, and the presence of MVI,
7202
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Age, years
(mean ± sd)
Sex
Female
Male
Tumor size, cm
(mean ± sd)
pT stagea
T1
T2
T3
T4
pN stagea
Nx-N0
N1
Necrosis
Absent
Present
Fuhrman grade
1
2
3
4
MVI
Absent
Present

HMGA2 expression

n=162

Low (n=86)

High (76)

52.6±10.6

51.8±10.2

53.5±11.0

58, 37.7%
104, 62.3%
4.5±2.5

30, 34.9%
56, 65.1%
4.1±2.5

28, 26.8%
48, 63.2%
4.9±2.6

42, 25.9%
72, 44.4%
41, 25.3%
7, 4.3%

25, 29.1%
42, 48.8%
17, 19.8%
2, 2.3%

17, 22.4%
30, 39.5%
24, 31.6%
5, 6.6%

133, 82.1%
29, 17.9%

76, 88.4%
10, 11.6%

57, 75.0%
19, 25.0%

126, 77.8%
36, 22.2%

70, 81.4%
16, 18.6%

56, 73.7%
20, 26.3%

44, 27.2%
60, 37.0%
37, 22.8%
21, 13.0%

30, 34.9%
34, 39.5%
14, 16.3%
8, 9.3%

14, 18.4%
26, 34.2%
23, 30.3%
13, 17.1%

136, 84.0%
26, 16.0%

74, 86.0%
12, 14.0%

62, 81.6%
14, 18.4%

P-valueb

0.795
0.043

0.144

0.027

0.239

0.036

0.439

Notes: aThe pT stage and pN stage were classified according to 2010 AJCC TNM
classification. bStudent’s t-test for continuous variables and χ2 test for categorical
variables.
Abbreviations: HMGA2, high-mobility group AT-hook 2; ccRCC, clear cell renal
cell carcinoma; sd, standard deviation; MVI, microvascular invasion; TNM, tumor
node metastasis.

demonstrated a significant association with survival. Further,
multivariate Cox regression analysis determined that high
HMGA2 expression was a significant negative independent
prognostic indicator for patients with ccRCC in an analysis
of OS (HR 3.116; 95% CI: 1.643–5.901; P,0.001).
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Figure 3 Kaplan–Meier analysis of overall survival of patients with clear cell renal
cell carcinoma based on HMGA2 expression.
Note: P-value was calculated by log-rank test.
Abbreviation: HMGA2, high-mobility group AT-hook 2.
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Table 2 Univariate and multivariate cox regression analysis identified potential predictors of overall survival in 162 patients with ccRCC
Variable
Tumor size, cm
pT stage
pT1
pT2
pT3
pT4
pN stage
pNx + pN0
pN1
Fuhrman grade
1
2
3
4
MVI
Absent
Present
HMGA2 expression
Low expression
High expression

Univariate

Multivariate

HR

95% CI

P-value

HR

95% CI

P-value

1.216

1.011–1.426

0.038

1.172

0.966–1.422

0.108

2.107
3.215
4.812

Reference
1.126–3.943
1.017–10.163
0.512–45.225

0.020
0.048
0.169

2.266
3.346
5.011

1.311–3.917
0.911–12.290
0.719–34.924

0.003
0.069
0.103

8.912

Reference
3.162–25.118

,0.001

6.127

2.176–17.254

,0.001

1.316
2.431
5.712

Reference
0.911–1.901
1.432–4.126
1.491–21.885

0.143
,0.001
0.011

1.255
2.016
6.112

0.951–1.656
1.036–3.923
1.636–22.833

0.109
0.039
0.007

1.423

Reference
1.025–2.238

0.037

1.311

0.793–2.167

0.291

2.815

Reference
1.528–5.186

,0.001

3.116

1.643–5.901

,0.001

Abbreviations: ccRCC, clear cell renal cell carcinoma; HR, hazard ratio; CI, confidence interval; MVI, microvascular invasion; HMGA2, high-mobility group AT-hook 2.

Expansion of prognostic models for
ccRCC patients with the addition of
HMGA2 expression
To further evaluate the value of HMGA2 expression in
the improvement of the prognostic prediction for ccRCC,
HMGA2 expression was integrated into existing prognostic models including the following scoring systems: TNM
staging system, the Mayo Clinic stage, size, grade, and
necrosis score, and the University of California Los Angeles
Integrated Staging System (UISS). We conducted a Harrell
concordance index (C-index) and an Akaike information
criteria analysis to investigate the prognostic accuracy of each
system. As shown in Table 3, the C-index of the TNM staging system, SSIGN, and UISS was 0.671, 0.726, and 0.711,

Table 3 Evaluation the efficacy of prognostic models in predicting
the overall survival
Variable

C-index

HMGA2
TNM stage
TNM + HMGA2
SSIGN
SSIGN + HMGA2
UISS
UISS + HMGA2

0.641
0.671
0.719
0.726
0.736
0.711
0.723

Abbreviations: C-index, concordance index; HMGA2, high-mobility group AThook 2; TNM, tumor node metastasis; SSIGN, Mayo Clinic stage, size, grade, and
necrosis score; UISS, University of California Los Angeles Integrated Staging System.
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respectively; after the integration of HMGA2 expression
into the aforementioned staging systems, the C-index was
improved to 0.719, 0.736, and 0.723, respectively. This suggested that the addition of the HMGA2 expression parameter
could improve the prognostic value of all the three models.

Discussion
Abnormal expression of HMGA2 has been found in many
types of malignancies, including colon cancer, breast cancer,
pancreatic cancer, ovarian cancer, esophageal cancer, and
lung cancer.13 It seems that HMGA2 overexpression is associated with a highly malignant phenotype, which results in
poor prognosis for patients with these cancers. In the present
study, we examined the expression of HMGA2 in ccRCC
and evaluated its prognostic value. We confirmed that the
expression level of HMGA2 was significantly related to
tumor size and Fuhrman grade. Moreover, HMGA2 expression was determined to be a valuable prognostic indicator
in patients with ccRCC.
HMGA2, which is a member of the HMGA family, binds to
DNA sequences to orchestrate transcriptional activity via the
modulation of the chromatin structure. HMGA2 might target
different downstream genes to maintain the undifferentiated
state of cells during the processes of embryogenesis and
tumorigenesis.14 Several studies on human cancers have indicated that HMGA2 is important in the survival, proliferation,
migration, and metastasis of cancer cells.15–17 In addition,
submit your manuscript | www.dovepress.com
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HMGA2 seems to have oncogenic activities that include
the enhancement of self-renewal capability in cancer stem
cells and the promotion of tumorigenic capability.18–20 As an
oncofetal protein, the expression of HMGA2 decreases with
the differentiation of tissues, but increases with the dedifferentiation of many malignant tumors.21–23 In our present
study, we also observed that an increased HMGA2 level
was correlated with a higher Fuhrman grade, which suggested a potential role of HMGA2 in tumor dedifferentiation.
Consistent with these findings, there were various studies that
revealed a positive correlation between HMGA2 expression
and tumor grade in a variety of tumor cell types.24–26 However, further exploration is needed to clarify the relationship
between HMGA2 expression and dedifferentiation. Additionally, our finding that HMGA2 overexpression predicted poor
prognosis suggested that HMGA2 overexpression is involved
in ccRCC progression, which was consistent with results of
previous studies of other types of human cancers.
In the present cohort, the high HMGA2 expression group
was more likely to have higher rates of lymph node invasion
and vascular invasion than those in the low expression group.
Previous studies have reported a strong correlation between
HMGA2 expression and tumor cell invasiveness.27–29 The
ectopic expression of HMGA2 in epithelial cells induces
epithelial-mesenchymal transition (EMT), which has been
implicated in the acquisition of metastatic characteristics
in tumor cells.30 Notably, several studies have reported that
HMGA2 plays a important role in EMT during diabetic
nephropathy,31,32 indicating a potential role of HMGA2 in
EMT of renal cancer cells. This may occur through activation
of the Wnt/β-catenin pathway,28–30,33 or through the regulation
of the transcription factors involved in EMT including Snail,
Slug, and Twist.30,31 Besides, HMGA2 can also induce EMT
through an interaction via the TGFβ signaling pathway that
has been strongly implicated in EMT induction for a number
of cell types both in vitro and in vivo.30,34,35 In this respect,
HMGA2 plays an important role in tumor invasiveness
and metastasis, which supports our findings that HMGA2
overexpression is associated with clinicopathological factors
such as lymph node metastasis and MVI.
Although HMGA2 is gradually being recognized as a
prognostic biomarker in many malignancies, the prognostic
value of HMGA2 in ccRCC remains unclear. In the present
study, we found that a high level of HMGA2 expression
in ccRCC patients was significantly associated with a poor
prognosis. The multivariate analysis showed that HMGA2
expression was an independent prognostic factor for survival.
Furthermore, we determined that the addition of HMGA2
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expression to existing prognostic prediction models, such
as the TNM staging system, could improve their prediction power. Therefore, the detection of the HMGA2 level
in ccRCC tissues after surgery might be helpful to further
predict the prognosis of those patients. However, this study
still has several limitations. The sample size of our cohort
was not large enough, and the study was retrospective, which
means that our study is not sufficient to achieve greater reliability. Finally, further research on the molecular biological
mechanism of HMGA2 in ccRCC is warranted.

Conclusion
In conclusion, our study revealed that HMGA2 expression
is an independent prognostic factor for OS in patients with
ccRCC. The abnormal expression of HMGA2 may play a
role in the carcinogenesis of ccRCC. These results provide
a basis for further, more detailed studies on the roles of
HMGA2 in ccRCC.
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