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Abstract High-mobility group A1 (HMGA1) protein is

an architectural transcription factor widely expressed dur-

ing embryonic development and tumor progression. The

purpose of this research was to investigate the expression

of HMGA1 in malignant gliomas with different WHO

classification and to study the correlation of HMGA1

expression with tumor proliferation, invasion, and angio-

genesis. Expression of HMGA1, Ki-67, MMP-9, VEGF-A,

and MVD in malignant gliomas and their correlation were

studied in 60 samples of different WHO classification by

use of immunohistochemistry, and in 27 randomly selected

samples by use of real-time quantitative PCR. Immuno-

histochemistry results showed that nuclear immunostaining

of HMGA1 protein was not observed in normal brain tis-

sues but was observed in 96.7% (58 of 60) of malignant

gliomas including high (???) in 15 (25.0%), moderate

(??) in 28 (46.7%), and negligible to low (0–?) in 17

(28.3%) samples. Expression of HMGA1 protein was sig-

nificantly higher in glioblastoma multiforme than in WHO

grade II (P = 0.002) and WHO grade III gliomas (P =

0.024). HMGA1 protein expression correlated significantly

with expression of Ki-67 (r = 0.530, P = 0.000), MMP-9

(r = 0.508, P = 0.000), VEGF-A (r = 0.316, P = 0.014),

and MVD (r = 0.321, P = 0.012), but not with sex (r =

0.087, P = 0.510) and age (r = -0.121, P = 0.358).

Real-time quantitative PCR results, also, were indicative of

HMGA1 overexpression in glioblastoma multiforme com-

pared with WHO grade II (P = 0.043) and WHO grade III

(P = 0.031) gliomas. HMGA1 gene expression correlated

significantly with gene expression of Ki-67 (r = 0.429,

P = 0.025), MMP-9 (r = 0.443, P = 0.024), and VEGF-A

(r = 0.409, P = 0.034). These results indicated that expres-

sion of HMGA1 correlates significantly with malignancy,

proliferation, invasion, and angiogenesis of gliomas. We

conclude that HMGA1 may be a potential biomarker and

rational therapeutic target for human tumors.
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Introduction

Malignant glioma is the most common central nervous

system (CNS) tumor, and mortality is extremely high

[1, 2]. Despite optimum treatment, median survival is only

12–15 months for patients with glioblastoma multiforme

(GB), 2–3 years for patients with anaplastic astrocytoma
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(AA, WHO grade III), and 5–10 years for patients with

diffuse astrocytoma (DA, WHO grade II) [3]. As a result of

dramatic progress in understanding the pathogenesis and

molecular mechanisms of proliferation, invasion, and

angiogenesis of malignant gliomas, gene therapy is being

developed as a more effective strategy in treatment [4–7];

it is, however, still very difficult to select proper tumor

genes for targeted therapy.

Tumor progression requires significant levels of tran-

scription, replication, recombination, and DNA repair;

among the best-studied proteins involved in tumor pro-

gression are those of the high-mobility group, or HMG, all

of which bind to DNA and regulate gene expression [8]. The

most well-known protein in this group is HMGB1, which is

released by activated macrophages and monocytes to

mediate inflammation in its role as a chemokine. The other

major group of HMG proteins is the HMGA group, which

consists of HMGA1 and HMGA2; our article will focus on

the HMGA1 subgroup. As described in our previous study

[9], HMGA1 protein contains basic DNA-binding domains

termed ‘‘AT-hooks’’, which mediate binding to the AT-rich

regions in the narrow minor groove of DNA [10]. Although

HMGA1 has no intrinsic transcriptional activity, it can

modulate transcription by altering chromatin architecture

through protein–protein and protein–DNA interactions [11–

13]. As a nonhistone chromosomal protein, HMGA1 par-

ticipates in diverse biological processes, including gene

transcription, embryogenesis, cell cycle regulation, apop-

tosis, and neoplastic transformation [14–16]. Although

widely expressed during embryonic development, its

expression level is negligible or absent in fully differenti-

ated adult tissues including normal brain tissues [17–19]. In

the past few years, HMGA1 protein has been demonstrated

to be overexpressed in several benign and malignant human

tumors [20–27]. To determine the role of HMGA1 in tumor

progression, we investigated its relationship with known

proliferation, invasion, and angiogenesis regulators, for

example Ki-67, MMP-9, VEGF-A, and MVD [28–36], and

with the tumors’ WHO classification. Analyses of different

grades of gliomas revealed a statistically significant corre-

lation of HMGA1 expression with the above markers,

showing that HMGA1 may be a potential biomarker and

rational therapeutic target.

Materials and methods

Patient enrollment and sample collection

For the purposes of this study, a total of 64 tissue specimens

including four normal brain tissue samples from brain con-

tusion and laceration patients, 22 DAs, 23 AAs, and 15 GB

were collected at the provincial hospital affiliated to

Shandong University (Jinan, China P.R.). All patients

underwent surgery and pathological examination. These

samples were obtained from 31 male and 33 female patients.

The ages of these patients ranged from 2 to 65 years

(x = 41 years). All tissue samples were immediately divi-

ded into two parts. One part was fixed with 4% paraformal-

dehyde for 16 h at 4�C and prepared for paraffin-embedded

sections. The other part was stored at -80�C within 1 h after

surgical removal. This research was approved by medical

ethics council and the guardians of all patients.

Immunohistochemistry

Paraffin sections (5 lm thick) were baked at 60�C, depa-

raffinized in xylene and rehydrated through a graded

alcohol series, and then wet autoclaved for antigen retrie-

val. These sections were incubated in 0.3% hydrogen

peroxide for 30 min then washed in phosphate-buffered

saline (PBS) three times before immunoperoxidase stain-

ing. Slides were incubated at 4�C overnight and then at

37�C for 30 min in a humidified chamber with HMGA1

rabbit polyclonal antibody (1:200 dilution; Abcam). In

order to assess glioma proliferation, invasion, and angio-

genesis, staining with Ki-67 mouse monoclonal antibody

(1:100 dilution; Dako), MMP-9 rabbit monoclonal anti-

body (1:100 dilution; Boster), VEGF-A rabbit monoclonal

antibody (working solution; Beijing Zhongshan Golden-

bridge Biotechnology), and CD34 rabbit monoclonal anti-

body (1:100 dilution; Boster) were also performed. The

bound antibodies were detected by use of the streptavidin–

biotin kit (Beijing Zhongshan Goldenbridge Bio), with

cobalt-3,30-diaminobenzidine as chromogen; hematoxylin

served as counterstain. For each case and for each anti-

body, a negative control was obtained by using PBS as the

primary antibody. After finishing the steps above, the slides

were washed, dehydrated with alcohol and xylene, then

covered with coverslips. Micrographs were taken on a

Leica DM4000 B. At least 1,000 cells were counted for

each section, with three sections for each sample, by use of

a 2009 magnification randomly selected microscope. The

results are presented as the percentage of the glioma cells

with positive staining. HMGA1 staining was categorized

on the basis of percentage of positive cells on the slide (0,

no expression; ?, 1–30%; ??, 31–65%; ???, [ 65%).

Expression of Ki-67, MMP-9, and VEGF-A was also

recorded by using the percentage of immunopositive cells.

MVD was recorded by using the number of clusters or

vessels of CD34-positive cells.

RNA extraction and real-time quantitative PCR

RNA extraction and real-time quantitative PCR were per-

formed as described elsewhere [9]. Total RNA was
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extracted, from glioma tissues stored at -80�C, by use of

TRIzol Reagent (Takara Bio) in accordance with the

manufacturer’s instructions. cDNA was reverse transcribed

by use of a two-step RT-PCR kit (Takara Bio). Quantitative

real-time PCR analysis was performed using Roch-480 and

Light Cycle 480SW 1.5 software with the SYBR green RT-

PCR Kit (Takara Bio). 20 ll total reaction mixture volume

was used in the PCR reaction; this contained 4 ll diluted

cDNA reaction products, 10 ll SYBR green PCR Master

Mix, and 4 lM forward and reverse primers. The primer

sequences were:

HMGA1:

F: 50-GAAGGAGCCCAGCGAAGTG-30

R: 50-GAAGGAGCCCAGCGAAGTG-30

Ki-67:

F: 50-AATGCACACTCCACCTGTCCTG-30

R: 50-TTCCACATGGATTTCTGAACCTGA-30

MMP-9:

F: 50-ACGCACGACGTCTTCCAGTA-30

R: 50-CCACCTGGTTCAACTCACTCC-30

VEGF-A:

F: 50-GAGCCTTGCCTTGCTGCTCAC-30

R: 50-TGGCACCCAGCACAATGAA-30

b-actin was used as an internal control and its primer

sequences were as follows:

F: 50-TGGCACCCAGCACAATGAA-30

R: 50-CTAAGTCATAGTCCGCCTAGAAGCA-30

Reaction conditions were: 95�C for 5 min ? 40 cycles

of denaturation at 95�C for 15 s ? annealing, and elon-

gation at 60�C for 1 min. Reverse transcription was per-

formed in triplicate. The amount of target was calculated

by the 2-DDCt method [37].

Statistical analysis

Statistical analysis was performed using SPSS 13.0. Fish-

er’s exact test and the nonparametric test were used to

analyze HMGA1 expression in malignant gliomas with

different WHO classification. Spearman rank correlation

analysis was used to analyze the correlation of HMGA1

expression with expression of Ki-67, MMP-9, MVD, and

VEGF-A, and with age and sex. Results are reported as

being statistically significant if P-values \ 0.05.

Results

Immunohistochemistry results

Immunohistochemistry results showed that HMGA1 pro-

tein localized in nuclei was found in 96.7% (58 of 60) of

glioma samples but not in normal brain tissues; details are

given in Tables 1 and 2 and Fig. 1. The staining scores

were high (???) in 15 (25.0%) samples, moderate (??)

in 28 (46.7%) samples, and negligible to low (0–?) in 17

Table 1 Expression of HMGA1 in malignant gliomas with different WHO classification

WHO classification of malignant gliomas (number of samples) HMGA1 protein expression

Negligible to low

expression (-)–(?)/total (%)

Moderate expression

(??)/total (%)

High expression

(???)/total (%)

WHO grade II (n = 22) 2–9/22 (50) 9/22 (40.9) 2/22 (9.1)

WHO grade III (n = 23) 0–5/23 (21.7) 14/23 (60.9) 4/23 (17.4)

Glioblastoma multiforme (n = 15) 0–1/15 (6.7) 5/15 (33.3) 9/15 (60.0)

Total (n = 60) 17/60 (28.3) 28/60 (46.7) 15/60 (25.0)

HMGA1, high-mobility group A1

At least 1,000 cells were counted for each section, and three sections for each sample at 2009 magnification with a randomly selected

microscope. -/?/??/???, staining scores of HMGA1 (-, no expression; ?, 1–30%; ??, 31–65%; ???, [ 65%)

Table 2 Expression of Ki-67, MMP9, VEGF-A, and MVD in malignant gliomas with different WHO classification

WHO classification of malignant

gliomas (number of samples)

Sex (male

vs. female)

Mean

age (years)

Ki-67

(x)%

MMP-9

(x)%

VEGF-A

(x)%

MVD

(x)%

WHO grade II (n = 22) 10/12 43 17.4 17.1 26.6 19.7

WHO grade III (n = 23) 12/11 39 26.1 28.4 36.5 30.7

Glioblastoma multiforme (n = 15) 7/8 42 33.4 32.9 43.3 39.9

Total (n = 60) 29/31 41 26.8 28.7 34.0 28.5

MMP9, matrix metalloproteinase 9; VEGF-A, vascular endothelial growth factor A; MVD, microvessel density; x, the percentage of immuno-

positive cells for Ki-67, MMP9, VEGF-A, and MVD in malignant gliomas with different WHO classification
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(28.3%) samples; details are given in Tables 1 and 2. The

expression level of HMGA1 protein significantly correlated

with malignancy of the glioma. It was significantly higher

in GB than in WHO grade II (P = 0.002) and III

(P = 0.024) gliomas, whereas there was no significant

difference between WHO grade II and III tumors

(P = 0.119); details are given in Tables 1 and 2 and Fig. 1.

Most interestingly, HMGA1 expression was also signifi-

cantly correlated with expression of Ki-67, MMP-9,

VEGF-A, and MVD, but not with sex and age; details are

given in Tables 2 and 3.

Real-time quantitative PCR results

Twenty-seven specimens were selected randomly from all

glioma tissues, including 8 WHO grade II gliomas, 11

WHO grade III gliomas, and 8 glioblastomas multiforme,

to perform real-time quantitative PCR. The results were

similar to those from immunohistochemical analysis:

HMGA1 gene expression was significantly higher in GB

than in WHO grade II (P = 0.043) and grade III

(P = 0.031) gliomas, up 5.57 and 4.81-fold, whereas there

was no significant difference between WHO grade II and

III gliomas (P = 0.149); details are given in Fig. 2.

HMGA1 gene expression was correlated with gene expres-

sion of Ki-67 (r = 0.429, P = 0.025), MMP-9 (r = 0.443,

P = 0.024), and VEGF-A (r = 0.409, P = 0.034); details

are given in Fig. 3.

Discussion

Malignant glioma is the most aggressive among all

brain tumors. Despite combination of tumor excision,

Fig. 1 HMGA1 protein expression in normal brain tissue and

malignant gliomas with different WHO classification was analyzed

by use of immunohistochemistry. No positive staining was observed

in normal brain tissue (a). Nuclear staining of HMGAI was observed

in (b–d); b WHO grade II malignant glioma with low HMGA1

expression; c WHO grade III malignant glioma with medium

HMGA1 expression; d GB with high HMGA1 expression. The

photographs were taken under 9400 magnification
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chemotherapy, and radiotherapy, this disease is still

practically impossible to treat effectively because of its

malignant characteristics. One of the most distinguishing

features of malignant gliomas is their infiltrating nature,

which can be attributed to the large amounts of cytokines

and bioactive mediators, for example MMP-9, that are

released by tumor cells and surrounding stroma. As the

glioma grows it intermingles with normal brain tissue,

making complete surgical removal extremely difficult

because of the lack of a clear border. Proliferation is a

natural occurrence in the progression of tumors leading to

tumor metastasis and recurrence; it also is responsible for

increased intracranial pressure, cerebral herniation, and

hydrocephalus, ultimately reducing the chance of patient

survival. Ki67 protein is a nuclear protein which is present

during all active phases of the cell cycle (G1, S, G2, and

mitosis) but is absent from resting cells (G0), enabling it

to be used as a cell marker to assess cell proliferation.

Angiogenesis has been identified in tumors as the process

of forming primitive blood vessels by differentiation of

circulating bone marrow-derived endothelial progenitor

cells. As a key pathological feature in malignant gliomas,

angiogenesis helps to eliminate dead cells and waste

products and establishes a source of nutrients and oxygen;

without an adequate blood supply being supplemented by

angiogenesis, solid cancers cannot grow beyond a limited

size. VEGF is a signal protein produced by tumor cells

and endothelial cells that stimulates angiogenesis; it also

acts as a vasodilator to increase microvascular perme-

ability, thereby facilitating tumor cell migration also.

Although proliferation, invasion, and angiogenesis are

highly important features of malignant neoplasms, their

underlying molecular mechanisms are still not clear.

HMGA1 expression has been found to be low or

undetectable in differentiated adult tissues but high in

human tumors. As an architectural transcription factor,

HMGA1 interacts with many transcription factors, for

example NF-jB, ATF-2/c-Jun, Elf-1, Oct-2, Oct-6, SRF,

NF-Y, PU-1, RAR, Sp1, and NFAT to regulate transcrip-

tional activity [38]. Overexpression of HMGA1 can sig-

nificantly upregulate a number of genes involved in cell

cycle regulation, signal transduction, neoplastic transfor-

mation, and tumor progression in various systems,

including CLK-1, cdc25A, cdc25B, cyclin C, JNK2, and

p38 MAPK [38]. HMGA1 inhibits the function of p53

family members in thyroid cancer cells, increases the

expression of oncogenic miR-222 in lung cancer cells,

enhances cancer cell resistance to genotoxic agents,

enhances epithelial–mesenchymal transition, and promotes

tumor progression in breast cancer cells [25, 38–40].

Recent study has shown HMGA1 upregulation to be

associated with survival in pancreatic ductal adenocarci-

noma whereas downregulation of HMGA1 has enhanced

gemcitabine chemosensitivity for suppressing growth of

tumor cells [26, 41, 42]. Our study has showed that

HMGA1 as an architectural transcription factor was

expressed in gliomas but not expressed in normal human

brain tissue, that HMGA1 expression in GM was higher

than in WHO grade II and III gliomas, and that overex-

pression of HMGA1 was closely correlated with high

levels of Ki67, MVD, VEGF-A, and MMP-9, which were

related to tumor progression.

Even though the WHO classification is the most com-

mon predictor of diagnosis and treatment guidelines for

gliomas, it is far from perfect; so other predictors are

needed [43]. Our research showed that HMGA1 expression

correlated with malignancy, proliferation, invasion, and

angiogenesis of gliomas; we conclude that HMGA1 has the

Table 3 Correlation analysis of HMGA1 protein expression with Ki-

67, MMP-9, VEGF-A, MVD, sex, and age

HMGA1

r P

Ki-67 0.530 0.000

MMP-9 0.508 0.000

VEGF-A 0.316 0.014

MVD 0.321 0.012

Sex 0.087 0.510

Age -0.121 0.358

HMGA1 high-mobility group A1; MMP9 matrix metalloproteinase 9;

VEGF-A vascular endothelial growth factor A; MVD microvessel

density

Spearman rank correlation coefficient (r) is considered significant

when P \ 0.05

Fig. 2 HMGA1 gene expression in malignant gliomas with different

WHO classification was analyzed using real-time RT-PCR. It was

evaluated in 8 WHO grade II gliomas (DA), 11 WHO grade III

gliomas (AA), and 8 glioblastomas (GB). All quantitative data are

presented as mean ± SD
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potential to be used as an intelligent biomarker in the

diagnosis and treatment of gliomas.
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