
Introduction

Ovarian cancer is the most lethal gynaecological malig-

nancy and the eighth leading global cause of death from

cancer in women [1]. Based on the tissue of origin, ovarian

cancer is classified into epithelium, stromal endocrine cells,

and germ cells types. Most ovarian cancers are epithelial

in origin, which are divided into four major histological

subtypes – serous, mucinous, endometrioid, and clear cell.

The less common histopathological types of ovarian cancer

include transitional, granulosa cell tumors, and ovarian

germ cell tumors such as dysgerminomas, teratomas, and

endodermal sinus tumors. Histological subtypes of ovarian

cancer are distinct with respect to clinicopathologic fea-

tures, biological behavior, response to chemotherapy, prog-

nosis, and so on. Overall, the five-year survival of ovarian

cancer is very low because of the difficulty of early diag-

nosis and high recurrent incidence after treatment [2]. Ef-

forts have been made to study the molecular events

implicated in ovarian cancer progression and development,

and various tumor promoters and suppressors have been

identified. However, mechanistic studies still need to be

done for elaboration of ovarian tumorigenesis.

IQ motif-containing GTPase-activating proteins (IQ-

GAPs) are actin binding proteins with IQ motif which is

tandem repeats of four IQ (isoleucine and glutamine

residues), and Ras GTPase-activating protein-related do-

mains [3]. IQGAPs are evolutionarily conserved, present-

ing in a wide variety of organisms ranging from fungi to

mammals [4]. Human IQGAP family comprises three pro-

teins, IQGAP1, 2, and 3 [5]. IQGAP1 is the best charac-

terized human IQGAP protein, binding and modulating a

bunch of proteins [6], including Cdc42, Rac1, E-cadherin,

β-catenin, and so on, to regulate actin cytoskeleton-based

activities and many other cellular behaviors [7]. IQGAP1 is

now deemed as a tumor promoter [5, 8, 9]. IQGAP2 and 3,

however, are relatively poorly defined. Lately, IQGAP2 is

found to act as a tumor suppressor counteracting the onco-

genic role of IQGAP1 in several cancers. The expression of

IQGAP1 and IQGAP2 is reciprocally altered in human he-

patocellular carcinoma (HCC) [10]. IQGAP1 is positively

while IQGAP2 is negatively correlated with HCC progres-

sion and patient prognosis [11]. Protective effect of

IQGAP2 against carcinogenesis of liver is proven in

IQGAP2-/- mice, and Wnt/β-catenin is identified as the

pathway closely manipulated by IQGAP2 [12, 13]. Addi-

tionally, loss of IQGAP2 contributes to the tumorigenesis

of gastric and prostate cancers [14, 15]. Until now, no data

is published regarding IQGAP2 in ovarian cancer tissues.

Revised manuscript accepted for publication September 26, 2017

EJGO European Journal of
Gynaecological Oncology

 Published: 10 February 2019Eur. J. Gynaecol. Oncol. - ISSN: 0392-2936

XL, n. 1, 2019

doi: 10.12892/ejgo4408.2019

Immunohistochemical analysis of IQGAP2 in ovarian cancer

Xiang Wang

1,2

, Zhuo Deng

3

, Lijie Wang

1,2

, He Chen

1,2

, Huilian Hou

4

, Xu Li

1,2

1Center for Translational Medicine, the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an
2Key Laboratory for Tumor Precision Medicine of Shaanxi Province, the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an

3Department of Obstetrics and Gynecology, Shaanxi Provincial People’s Hospital, Xi’an
4Department of Pathology, the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an (China)

Summary

IQ motif-containing GTPase-activating protein 2 (IQGAP2) was regarded as a tumor suppressor in some cancers, but its expression

pattern in various histological subtypes of ovarian cancer has not been investigated. Immunohistochemical staining for IQGAP2 was

conducted with two human ovarian tissue microarrays containing 250 ovarian tumors and 39 normal ovarian tissues in total. Positive

staining of IQGAP2 was observed in cytoplasm as well as on membrane. IQGAP2 was expressed in 48.7% of normal ovarian tissues,

37.9% of serous cancers, 66.7% of mucinous cancer, 71.4% of endometrioid cancers, 100% of clear cell cancers, 25% of endodermal

sinus tumors, and immature teratomas. Contrarily, IQGAP2 was absent in dysgerminomas, transitional, and granulosa cell tumors. The

mean IQGAP2 immunohistochemical composite scores were 1.92 for normal ovarian tissues,1.69 for serous cancers, 4.51 for mucinous

cancers, 3.00 for endometrioid cancers, 7.71 for clear cell cancers, 0.25 for endodermal sinus tumors, and 1 for immature teratomas.

Compared with normal ovarian tissues, the overall positivity of IQGAP2 in clear cell cancers and the mean composite scores of IQGAP2

in clear cell and mucinous cancers were significantly higher, while the mean composite scores of IQGAP2 in dysgerminomas, endo-

dermal sinus tumor, and granulosa cell tumors was significantly lower. The authors concluded that IQGAP2 might serve as a tumor sup-

pressor in dysgerminomas, endodermal sinus tumor, and granulosa cell tumors of ovary. Understanding the role of IQGAP2 in the

pathogenesis of ovarian cancers necessitates further study.
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Here, the authors report, for the first time, the expression

pattern of IQGAP2 in various histological types of ovarian

cancer. All dysgerminomas and granulosa cell tumors and

most teratomas and endodermal sinus tumors are negative

for IQGAP2. Contrarily, all clear cell cancers are positive

for IQGAP2, and the mean IQGAP2 immunohistochemical

composite scores in clear cell and mucinous cancers are

significantly higher than in normal tissues.

Materials and Methods

The tissue arrays were dewaxed in xylene and rehydrated in a

descending alcohol series. Antigen retrieval was performed by

heating the tissue sections in 0.01 M citrate buffer (pH 6.0) in a

steamer for 1.5 minutes. Detection of antigens was carried out

through incubation with anti-IQGAP2 antibody for two hours at

room temperature, followed by incubation with HRP-labeled sec-

ondary antibody at room temperature for 30 minutes. Signal was

generated by incubation with DAB. Slides were counterstained

with hematoxylin, dehydrated in an ascending alcohol series, and

mounted for analysis. Digital images were acquired using a sec-

tion microscope scanner. 

Membrane, cytoplasm or nuclear expression was considered

positive. Extent (the percentage of positive cells) and intensity of

staining were semiquantitatively scored. Extent was scored as fol-

lows: 0, less than or equal to 5%, 1 + (1 point), 6% to 25%, 2 + (2

points), 26% to 50%, 3 + (3 points), 51% to 75%, and 4 + (4

points), 76% to 100%. Intensity was scored as weak (1 point),

moderate (2 points), or strong (3 points).The individual immuno-

histochemical composite score was calculated based on the ex-

tent scores multiplied by the intensity score (possible range of

values from 0 to 12). 

Statistical differences were determined by two-tailed t-test, one-

way ANOVA test or Fisher’s Exact Test. All statistical analyses

were performed using SPSS software. Differences were consid-

ered significant at p<0.05 and highly significant at p < 0.01 for all

comparison. 

Results

In the present study, IQGAP2 displayed membrane, cy-

toplasmic as well as nuclear localization (Figure 1). Al-

though IQGAP2 was mainly found in cytoplasm in both

cancer and normal tissues, nuclear localization of IQGAP2

was substantially increased in cancer tissues (Table 1). Of

note, pure nuclear staining was merely present in 21.1% of

cancer tissues (28/133). Additionally, 9.8% (13/133) of

cancer tissues was positive for IQGAP2 both in membrane

and in cytoplasm, while no membrane staining was ob-

served in normal tissues. As for the subcellular localization

of IQGAP2 in subtypes of ovarian cancers, nuclear staining

of IQGAP2 was only found in epithelial ovarian cancer (re-

ferred to as epithelial ovarian cancer, EOC) tissues. In

EOC, specifically, pure nuclear staining was observed in

serous and mucinous cancers rather than in endometrioid

or clear cell cancers. In endodermal sinus tumors and im-

mature teratomas, IQGAP2 entirely existed in cytoplasm

(Table 2). Since immunohistochemical assay of IQGAP2

would show membrane and cytoplasmic staining accord-

ing to the primary antibody instruction, the authors classi-

fied cases showing merely positive nuclear staining into

negative group.

The distribution of staining for IQGAP2 is summarized in

Table 2. The overall expression status of IQGAP2 in normal

and cancerous ovarian tissues were comparable, as evi-

denced by the positive percentage and immunohistochemical

composite scores (Table 3).

IQGAP2 level was significantly higher in mucinous and

clear cell cancers than in normal tissues (Table 3). Con-

trarily, IQGAP2 was absent or weakly expressed in dys-

germinomas, endodermal sinus tumor, transitional cell, and

granulosa cell tumors (Table 3). 

The difference of the positivity and composited scores of

IQGAP2 among different clinicopathological subgroups of

ovarian cancers were statistically analyzed. The positivity

and composite scores of IQGAP2 between different age or

stage groups were comparable. The composite score for

IQGAP2 in grade 2 ovarian cancers was significantly

higher (Table 4). In serous ovarian cancer, no significant

differences of the positivity and composite scores of

IQGAP2 were detected between metastasic and non-metas-

tasic groups, although the positivity and composite scores

of IQGAP2 in metastasized cancer tissues were relatively

lower than non-metastasized cancers (Table 5). 

Discussion

IQGAP2 was deemed as a tumor suppressor in some can-

cers. The present study was the first report of the expression

status of IQGAP2 in ovarian cancers. In HCC, IQGAP2

staining was mainly existed in cytoplasm [10, 11], while in

prostate and gastric cancer, IQGAP2 was largely expressed

in the cell membrane [14, 15]. In rabbit gastric parietal

cells, IQGAP2 was also localized on the basolateral and

apical membranes [16]. In xenopus, however, IQGAP2 ex-

hibited significant nuclear localization [17], which was not

reported in human tissues. Here, the positivity was defined

when IQGAP2 staining was observed in cytoplasm and on

membrane. The present authors found that the subcellular

distribution pattern of IQGAP2 differed between ovarian

cancer and normal ovarian tissues. Unlike normal ovarian

tissues in which IQGAP2 is mainly located in the cyto-

plasm, IQGAP2 presented in the cytoplasm, nucleus, as

well as in membrane in ovarian cancer tissues. It is un-

known whether the nuclear localization of IQGAP2 in

ovarian cancer tissues might suggest the loss-of-function

of IQGAP2. 

IQGAP2 was found in ovarian cancer at a comparable

level with normal ovarian tissues. Although no significant

difference of IQGAP2 level was detected among groups

stratified by age, FIGO stage, grade, and metastatic status

in ovarian cancer cases, IQGAP2 was expressed in all clear

cell cancer tissues at a higher level than normal tissues, and

IQGAP2 level was elevated in mucinous and clear cell can-
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Figure 1. — Immunostaining of IQGAP2 in normal ovarian tissue and subtypes of ovarian cancer. The representative photographs were

taken using a section microscope scanner at 40× and 400×. (A) moderate immunostaining of IQGAP2 in cytoplasm of normal ovarian

tissue. (B) Strong immunostaining of IQGAP2 in membrane and in cytoplasm of serous ovarian cancer. (C) Strong positivity of IQGAP2

in cytoplasm and nucleus of mucinous ovarian cancer. (D) Moderately positive staining of IQGAP2 in membrane and in cytoplasm of

endometrioid ovarian cancer tissue. (E) Moderate positivity of IQGAP2 in cytoplasm of clear cell cancer of ovary. (F–J) Negative

IQGAP2 staining in dysgerminomas, immature teratomas, endodermal sinus tumor, transitional and granulosa cell tumors, respectively.
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cers. Since no follow-up data was provided for the tissue

microarrays, the present authors could not determine

whether the high level of IQGAP2 exerted protective func-

tion against carcinogenesis or not. Contrarily, ovarian germ

cell and granulosa cell tumors exhibited a loss of IQGAP2.

Ovarian germ cell tumors were a rare group of neoplasms

derived from primordial germ cells [18, 19]. Granulosa cell

tumors accounted for less than 5% of ovarian malignancies

and often presented with a favorable prognosis and a ten-

dency to late relapse [20, 21]. The present results indicated

that IQGAP2 more likely acted as a tumor suppressor in

these two subtypes than in EOC.

No consensus was achieved on the regulation mechanism

responsible for IQGAP2 reduction. IQGAP2 gene methy-

lation is highly associated with loss of IQGAP2 protein ex-

pression in gastric cancer[14]. However, downregulation

Table 1. — Subcellular localization of IQGAP2 in ovarian tissues.
IQGAP2 Localization

Nucleus Nucleus+cytoplasm Cytoplasm Cytoplasm+membrane

Normal (n=19) 6 (31.6%) 13 (68.4%)

Cancer (n=133) 29 (21.8%) 34 (25.6%) 57 (42.9%) 13 (9.8%)

Serous cancer (n=91) 27 (29.7%) 23 (25.3%) 35 (38.5%) 6 (6.6%)

Mucinous cancer (n=27) 1 (3.7%) 7 (25.9%) 14 (51.9%) 5 (18.5%)

Endometrioid cancer (n=5) 2 (40.0%) 2 (40.0%) 1 (20.0%)

Clear cell cancer (n=7) 3 (42.9%) 3 (42.9%) 1 (14.3%)

Endodermal sinus tumor (n=2) 2 (100%)

Immature teratomas (n=1) 1 (100%)

Table 2. — Distribution of positive staining for IQGAP2.

Staining extent (%) Staining intensity (%)

0 1+ 2+ 3+ 4+ Negative Weak Moderate Strong

Normal (n=39) 20 (51.3%) 7 (17.9%) 5 (12.8%) 6 (15.4%) 1 (2.6%) 20 (51.3%) 8 (20.5%) 6 (15.4%) 5 (12.8%)

Cancer (n=250) 147 (58.8%) 20 (8.0%) 31 (12.4%) 23 (9.2%) 29 (11.6%) 145 (58.0%) 40 (16.0%) 43 (17.2%) 22 (8.8%)

EOC

Serous cancer (n=169) 105 (62.1%) 17 (10.1%) 21 (12.4%) 11 (6.5%) 15 (8.9%) 105 (62.1%) 28 (16.6%) 26 (15.4%) 10 (5.9%)

Mucinous cancer (n=39) 13 (33.3%) 2 (5.1%) 5 (12.8%) 10 (25.6%) 9 (23.1%) 13 (33.3%) 6 (15.4%) 12 (30.8%) 8 (20.5%)

Endometrioid cancer (n=7) 2 (28.6%) 3 (42.9%) 1 (14.3%) 1 (14.3%) 2 (28.6%) 2 (28.6%) 3 (42.9%)

Clear cell cancer (n=7) 1 (14.3%) 2 (28.6%) 1 (14.3%) 3 (42.9%) 1 (14.3%) 2 (28.6%) 4 (57.1%)

Germ cell tumor

Dysgerminomas (n=8) 8 (100%) 8 (100%)

Endodermal sinus tumor (n=8) 6 (75.0%) 2 (25.0%) 6 (75.0%) 2 (25.0%)

Immaure teratomas (n=4) 3 (75.0%) 1 (25.0%) 3 (75.0%) 1 (25.0%)

Transitional cell tumor (n=1) 1 (100%) 1 (100%)

Granulosa cell tumor (n=7) 7 (100%) 7 (100%)

Table 3. — Overall positivity and immunohistochemical composite scores of IQGAP2 in ovarian tissues.
Immunohistochemical composite scores 

Ovarian tissue Overall positivity

1 p value

2

Mean Range p value

3

Normal (n=39) 19(48.7%) 1.92 0- 9

Ca (n=250) 133(41.2%) 1 2.17 0-12 0.671

EOC

Serous cancer (n=169) 64(37.9%) 0.276 1.69 0-12 0.638

Mucinous cancer (n=39) 26(66.7%) 0.169 4.51 0-12 0.003**

Endometrioid cancer (n=7) 5(71.4%) 0.418 3.00 0- 8 0.335

Clear cell cancer (n=7) 7(100%) 0.014* 7.71 1-12 0.000**

Germ cell tumor

Dysgerminomas (n=8) 0 0.015* 0 0 0.000**

Endodermal sinus tumor (n=8) 2(25.0%) 0.269 0.25 0- 1 0.001**

Immature teratomas (n=4) 1(25.0%) 0.610 1.00 0- 4 0.508

Transitional cell tumor (n=1) 0 0 0

Granulosa cell tumor (n=7) 0 0.031* 0 0 0.000**

1Percentage of cases with more than 5% positive cells. 2Fisher’s Exact Test (two-tailed), compared with the positive percentage of normal tissues. 3t-test (two-
tailed), compared with the composite scores of normal cases. * p < 0.05. ** p < 0.01
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of IQGAP2 in HCC occurs independently of methylation

regulation of the IQGAP2 gene promoter as indicated by

the IQGAP2 promoter was not hypermethylated in HCC

[10]. The methylation status in IQGAP2 promoter in sub-

types of ovarian cancer was yet examined, and the exact

role of IQGAP2 in the development and progression of

ovarian cancer still remains unclear. 

The present study provided the expression pattern of

IQGAP2 in ovarian cancers. The underlying molecular

events that IQGAP2 participates during ovarian oncogen-

esis necessitates further investigation to examine whether

IQGAP2 retains functionally divergent roles in different

subtypes of ovarian cancer.
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