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Abstract. The aim of the present study was to investigate the 
expression of myosin 9 (MYH9) in epithelial ovarian cancer 
and to explore its correlation with the clinicopathological 
parameters and prognosis of epithelial ovarian cancer (EOC). 
A total of 265 cases of paraffin-embedded ovarian cancer 
tissues and 41 paratumor tissues which had been pathologically 
confirmed at the Memorial Hospital of Sun Yat‑sen University 
from 2009 to 2017 were included in the present study. MYH9 
expression was investigated with immunohistochemistry using 
a polyclonal antibody specific for MYH9. MYH9 expression is 
associated with disease progression free and overall survival in 
epithelial ovarian cancer patients; and the expression of MYH9 
is associated with International Federation of Gynecology 
and Obstetrics stage, lymph node metastasis, intraperitoneal 
metastasis, survival status (at last follow-up), intraperitoneal 
recurrence, residual tumor size and ascites with tumor cells. 
Moreover, in a multivariate model MYH9 overexpression was 
an independent predictor of poor survival in epithelial ovarian 

cancer. MYH9 may be a candidate that plays a oncogenic role 
in epithelial ovarian cancer. MYH9 is a useful independent 
prognostic marker in epithelial ovarian cancer, and it may 
provide a candidate target therapy treatment of ovarian cancer 
in the future.

Introduction

Ovarian cancer is one of the most common female low genital 
malignant cancers. A total of ~238,700 women are annually 
diagnosed with this disease all over the world and ~151,900 
associated fatalities (1). In addition, epithelial ovarian cancer 
(EOC) accounts for 90% of all types of ovarian cancer. Most 
of EOC is diagnosed at an advanced stage [the International 
Federation of Gynecology and Obstetrics (FIGO) III or IV 
stages] because of the lack of specific symptoms and the 
absence of effective early diagnostic methods, which leads 
to a poor prognosis (2,3). Recently serum biomarkers such 
as CA125 and HE4 have been used to monitor the progress 
and prognosis of the EOC, and also to detect the recurrence of 
disease after operation or chemotherapy (4,5). However, these 
biomarkers are neither particularly specific nor extremely 
sensitive for predicting cancer metastasis, recurrence and 
prognosis. Therefore, further studies to find new biomarkers 
and to provide targeted therapy are very important.

The myosin 9 (MYH9) gene encodes the heavy chain 
of non-muscle myosin of class II, isoform A (also called 
NM IIA). The MYH9 gene is localized on chromosome 
22q12.3, spanning >106 kbp and composed of 41 exons (6). 
Several studies suggested that MYH9 plays a different role in 
various types of cancers. Many studies propose that NM IIA 
expression or its functions in neoplastic cells promote the 
progression of various types of cancers (7-14). However, the 
studies that obtained the strongest evidence of a driving role 
of MYH9 alterations in oncogenesis found that this gene acts 
as a tumor suppressor (15-17). In addition, it was demonstrated 
that silencing of MYH9 induced metastatic squamous cell 
carcinoma (SCC) in the skin and head and neck with median 
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latencies of 3 to 7 months, and ablation of MYH9 also led 
to development of skin SCC. Moreover, investigation of 
mouse and human keratinocytes demonstrated that NM IIA 
deficiency induced defective activation of the p53 protein 
upon DNA damage, as a result of impaired p53 stability and 
nuclear localization, and the authors found that 24-31% of 
human skin and head and neck SCCs are characterized by 
no or very weak NM IIA expression. In addition, analysis 
of data from The Cancer Genome Atlas indicated that low 
MYH9 mRNA expression is associated with poor survival in 
patients with head and neck SCC, therefore also supporting 
a role for MYH9 as a tumor suppressor in humans. Notably, 
in the tongue SCC (18) and in human invasive lobular breast 
carcinoma (19), MYH9 acts as a tumor suppressor.

However, to the best of our knowledge there have been no 
research about the role of MYH9 in ovarian cancer. Therefore, 
in the preset study the aim was to study the role of MYH9 
expression in ovarian cancer and its clinicopathological and 
prognostic correlations.

Materials and methods

Tissue specimens and patient samples. A total of 
265 paraffin-embedded ovarian cancer tissues (saved at 
Department of Pathology in the Memorial Hospital of Sun 
Yat‑sen University; the women were aged between 18 and 
89 years old) and 41 paratumor ovarian tissues (saved at the 
Department of Pathology in the Memorial Hospital of Sun 
Yat‑sen University; the women were aged between 51 and 
72 years old) from March 2009 to December 2017 which had 
been pathologically confirmed at the Memorial Hospital of 
Sun Yat‑sen University were included in this study, and all of 
the paraffin‑embedded tissues were cut into 4 µm‑thick tissues 
and made to paraffin section. Survival was calculated from 
the operation date until 14 April 2018 when any remaining 
survivors were censored. This trial obtained approval from 
the Memorial Hospital of Sun Yat‑sen University Ethics 
Committee. All controls and patients (or relatives of patients 
who already died) provided written informed consent.

Immunohistochemistry. The MYH9 expression levels in the 
human EOC tissues were detected by immunohistochemical 
analysis. Briefly, the samples were fixed in 4% formaldehyde 
for 12 h subsequently 4 µm‑thick paraffin‑embedded sections 
(saved at -20˚C) were incubated at 65˚C for 2 h, deparaf-
finized with xylene, rehydrated and microwaved in antigen 
retrieval buffer. Next, high tension was used for antigen 
retrieval and the specimens were treated with 3% hydrogen 
peroxide in methanol to quench endogenous peroxidase 
activity, followed by incubation with 1% bovine serum 
albumin (OriGene Technologies, Inc.) to block non‑specific 
binding (room temperature for 15 min), and incuba-
tion with anti-rabbit MYH9 polyclonal antibody (1:100; 
cat. no. 11128-1-AP; Proteintech, Inc.) at 4˚C overnight. After 
washing, the tissue sections were treated with secondary 
antibody (goat anti-mouse/rabbit IgG, cat no: SP-9000,; 
50 ul for each section; OriGene Technologies, Inc,) for 2 h 
at room temperature, then incubated with streptavidin horse-
radish peroxidase complex (OriGene Technologies, Inc.) for 
15 min at room temperature, immersed in 3-amino-9-ethyl 

carbazole. The sections were then counterstained with 
10% Mayer's hematoxylin (2 min at room temperature), 
dehydrated and mounted in Crystal Mount. A total of 
two researchers evaluated the degree of immunostaining of 
each formalin‑fixed, paraffin‑embedded section with light 
microscope (x200 or x400; Olympus). The score was due 
to both the proportion of positively stained tumor cells and 
the intensity of staining. The percentage of cancer cells was 
scored as follows: Sections with <10% positive cancer cells 
were scored as 0; 10-50% positive cancer cells were scored 
as 1; 50-75% positive cancer cells were scored as 2; and 
>75% positive cancer cells were scored as, 3. Meanwhile, the 
tissues were sorted into four grades based on staining inten-
sity, as follows: 0 indicated no staining; 1 indicated weak 
staining (light yellow); 2 moderate staining (yellow brown); 
and 3 strong staining (brown). The staining index (0-9) was 
calculated as the product of the proportion of positive cells 
multiplied by the staining intensity score. The best cutoff 
value was defined as follows: A staining score of ≥6 was 
considered to have high MYH9 expression and a staining 
score of ≤4 indicated low MYH9 expression (20).

Statistical analysis. All of the statistical analyses were 
carried out with the statistical software package SPSS 21.0 
(IBM, Corps.). Data are presented as mean ± standard error 
of the mean. The χ2 test and Fisher's exact test were used to 
analyze the relationship between MYH9 protein expression 
levels and clinicopathological characteristics. Patient survival 
was determined by a Kaplan-Meier analysis and the differ-
ences were counted by the log-rank test. Cox's proportional 
hazards regression model was applied to the multivariate 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

MYH9 protein expression is upregulated in EOC. To deter-
mine whether MYH9 is a pro-tumor or antitumor gene in 
ovarian cancer, immunohistochemical analysis was performed 
in 265 cases of paraffin‑embedded epithelial ovarian cancer 
tissues and 41 cases of ovarian paratumor tissues. Of the 
265 evaluable ovarian tumors stained, 72/265 (27.17%) 
had weak/absent staining (also called low expression) and 
193/265 (72.83%) had strong/moderate staining (also called 
high expression). Moreover, of the 41 ovarian paratumor 
tissues stained, 30/41 (73.17%) had weak/absent staining 
(also called low expression) and only 11/41 (26.83%) had 
strong/moderate staining (also called high expression), and 
there was significantly different staining between low and high 
MYH9 expression groups (P<0.001; Fig. 1A). In addition, it 
was demonstrated that MYH9 expression staining located in 
the cytoplasm (Fig. 1B).

MYH9 overexpression is associated with disease progression 
free and overall survival in ovarian cancer patients. To 
determine whether the MYH9 expression was associated with 
ovarian cancer patient's survival, in the present study 265 cases 
of EOC were stained using immunohistochemistry with a 
specific MYH9 antibody. Kaplan-Meier survival analysis 
demonstrated that there was a significant difference in disease 
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progression free survival between high and low expression of 
MYH9 (P=0.004; Fig. 2). Moreover, there was also a statisti-
cally significance on overall survival between high and low 
MYH9 expression (Fig. 2). A survival analysis plot revealed that 
the cumulative overall survival (OS) and disease progression 
free survival (PFS) rates of ovarian cancer patients decreased 
with increasing MYH9 protein expression. In this study, 
patients with high expression of MYH9 exhibited a median 
overall survival time of 24 months, while patients with low 
expression of MYH9 exhibited a median overall survival time 
of 41 months. Moreover, patients with MYH9 high expression 
exhibited a median disease progression free survival time of 
12 months, while patients with MYH9 low expression exhibited 
a median disease progression free survival time of 37 months.

Representative photomicrographs of the EOC tissues 
immunohistochemically stained for MYH9. In 265 cases of 
ovarian cancer tissues stained with the MYH9 specific anti-
body, 22 cases had no staining, 50 cases had weak staining, 
117 cases had moderate staining and 76 cases had strong 
staining (Fig. 3). MYH9 expression is located at the cytoplasm 
and no expression at the nucleus.

The association between MYH9 expression and clinicopatho-
logical variables. From Table I, it was demonstrated that the 
percentages of patients with stages I, II, III and IV tumors were 
16.23, 10.19, 58.87, and 14.71%, respectively, which demon-
strated that most of epithelial ovarian cancer was diagnosed 
at an advanced stage. In addition, most of histological type is 

Figure 2. MYH9 overexpression was associated with disease progression free and overall survival in ovarian cancer patients. MYH9, myosin 9.

Figure 1. MYH9 expression in epithelial ovarian cancer tissues with immunohistochemistry. (A) MYH9 expression was upregulated in epithelial ovarian 
cancer tissues. ***P<0.0001. (B) MYH9 expression staining located at cytoplasmic in ovarian cancer tissue and paratumor tissue. MYH9, myosin 9.
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serous adenocarcinoma (69.87% in the present study). In addi-
tion, The results of the statistical analysis using χ2 or Fisher's 
Exact test demonstrated a significant relationship between 
MYH9 expression and clinicopathological characteristics of 
EOC, such as the following factors: FIGO stage, lymph node 
metastasis, intraperitoneal metastasis, vital status (at last 
follow-up), intraperitoneal recurrence, residual tumor size, and 
ascites with tumor cells (P<0.05; Table I). Moreover, there were 
no significance in the following factors: Age, histological type, 
intestinal metastasis, distant recurrence, differentiation grade, 
neoadjuvant chemotherapy, postoperative chemotherapy, plat-
inum resistance, hyperthermic intraperitoneal chemotherapy, 
cytoreductive surgery, serum CA125, CA72-4, carcinoembry-
onic antigen, α-fetoprotein, CA153 and human epididymis 
protein 4.

MYH9 overexpression is significantly associated with 
a poor prognosis. Furthermore, the prognostic value of 
MYH9 expression in EOC patients were also analyzed. In a 
univariate Cox analysis, MYH9 expression, intraperitoneal 
metastasis, intestinal metastasis, postoperative chemotherapy 
and hyperthermic intraperitoneal chemotherapy were signifi-
cant prognostic factors (P<0.05; Table II). Moreover, using 
a multivariate Cox regression analysis found that MYH9 
expression, intestinal metastasis, postoperative chemotherapy 
and hyperthermic intraperitoneal chemotherapy were indeed 
independent prognostic factors of ovarian cancer (Table II), 
but intraperitoneal metastasis was no longer significant 
(P=0.570). Taken together, these results suggest that MYH9 
expression was an independent prognostic factor and MYH9 
overexpression may be corelated with the prognosis of epithe-
lial ovarian cancer, which suggested that MYH9 may be a 
useful independent prognostic marker in EOC.

Discussions

The MYH9 gene encodes the heavy chain of non-muscle 
myosin of class II, isoform A (also called NM IIA). MYH9 
plays a different role in human cancers (4-15). MYH9 plays 
an oncogenic role in a number of types of cancers (5-12), such 
as gastric cancer, colorectal cancer, esophageal squamous 

cancer, non-small cell lung cancer and breast cancer. However, 
in contrast, it plays a tumor suppressor in a number of 
cancers (13-15), such as human skin and head and neck SCCs, 
tongue SCC and human invasive lobular breast carcinoma. 
However, there have been no studies about the role of MYH9 
in ovarian cancer. In this study the authors for the first time to 
the best of our knowledge demonstrated that MYH9 protein 
expression was elevated in EOC tissues and out of 265 evalu-
able ovarian tumors stained, 72/265 (27.17%) had weak/absent 
staining and 193/265 (72.83%) had strong/moderate staining 
(also called high expression). However, out of 41 ovarian 
paratumor tissues stained, 30/41 (73.17%) had weak/absent 
staining (also called low expression) and only 11/41 (26.83%) 
had strong/moderate staining (also called high expression), 
which suggested that MYH9 may play an oncogenic role 
in EOC. As is known, EOC is an adenocarcinoma patho-
logically and in previous studies MYH9 was demonstrated 
to play a tumor suppressor role in a number of squamous 
carcinomas (15-17). The present study demonstrated the same 
discrepancy as with the previous studies (7-14). In addition, 
survival analysis revealed that the cumulative OS and PFS 
rates of EOC patients decreased with increasing MYH9 
protein expression, and high expression of MYH9 exhibited a 
poorer median OS and PFS, which demonstrated that MYH9 
overexpression predicts a poor prognosis of EOC.

Moreover, overexpression of MYH9 in EOC patients 
was found to be associated with the following factors, such 
as FIGO stage, lymph node metastasis, intraperitoneal 
metastasis, vital status (at last follow-up), intraperitoneal 
recurrence, residual tumor size and ascites with tumor cells. 
In the present study, it was demonstrated that patients with 
MYH9 overexpression were more frequently in stage III/IV 
compared with stage I/II, which demonstrated that MYH9 
overexpression were more likely to be associated with 
advanced disease, therefore it was concluded that MYH9 
expression increased with the occurrence and progress 
of ovarian cancer. Moreover, MYH9 overexpression was 
associated with lymph node metastasis and intraperitoneal 
metastasis, which demonstrated that high expression of 
MYH9 was associated with the metastasis of epithelial 
ovarian cancer. In addition, intraperitoneal recurrence 

Figure 3. Representative photomicrographs (x200 and x400) of the epithelial ovarian cancer tissues immunohistochemically stained for myosin 9.
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Table I. Association between MYH9 expression and clinicopathological variables using the χ2 or Fisher's exact test.

 MYH9
 -------------------------------------------------------------------
  No or low Moderate or χ2 test Fisher's exact
Characteristic Total, n (%) expression strong expression P-value test P-value

Age, years
  ≤50 122 (46.04) 39 83 0.1049 
  >50 143 (53.96) 33  110  
Histological type
  Serous adenocarcinoma 160 (69.87) 38 122 0.0684 
  Mucoid adenocarcinoma   13   (5.68) 5 8   
  Endometrial adenocarcinoma   38 (16.59) 13 25  
  Clear cell carcinoma   18   (7.86) 9  9  
FIGO stage
  I   43 (16.23) 17  26 0.0011 
  II   27 (10.19) 14  13  
  III 156 (58.87) 35  121   
  IV   39 (14.71) 6 33   
Lymph node metastasis
  No   61 (58.10) 30 31 0.0059 
  Yes   44 (41.90) 10 34  
Intraperitoneal metastasis
  No   87 (32.95) 39 48 <0.0001 
  Yes 177 (67.05) 33 144  
Intestinal metastasis
  No 135 (51.14) 39 96 0.5464 
  Yes 129 (48.86) 33 96  
Vital status 
  Alive 111 (57.81) 46 65 <0.0001 
  Dead   81 (42.19) 12 69  
Intraperitoneal recurrence
  No 186 (71.81) 60 126 0.0053 
  Yes   73 (28.19) 11 62  
Distant recurrence
  No 222 (85.71) 64 158 0.2109  
  Yes   37 (14.29) 7 30  
Residual tumor size (cm)
  ≤1 241 (90.94) 70 171 0.0296 0.0302
  >1   24   (9.06) 2 22  
Differentiation grade
  G1/G2   96 (39.51) 28 68 0.4184 
  G3 147 (60.49) 36 111  
Neoadjuvant chemotherapy
  No 234 (88.30) 67 167 0.1414 0.1967
  Yes   31 (11.70) 5  26  
Postoperative chemotherapy
  No     8   (3.05) 1 7  0.4520
  Yes 254 (96.95) 71 183   
Platinum resistance
  No 255 (97.33) 70 185  >0.05
  Yes     7   (2.67) 2 5  
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occurred more frequently in the MYH9 high expression 
group, which showed that MYH9 overexpression was associ-
ated with the recurrence of EOC. As far as the authors know, 
EOC metastasis and recurrence are the major mortality 
factors, and patients with metastasis and recurrence usually 
have a shorter life span. Therefore, early diagnosis of metas-
tasis and recurrence is important for prolonging the survival 
of ovarian cancer patients, however there are few tumor 
markers for predicting metastasis and recurrence of ovarian 
cancer in the clinic. According to the results of the present 
study, MYH9 overexpression was associated with lymph node 
metastasis, intraperitoneal metastasis and recurrence, and is 
meaningful as a biomarker or predictor to diagnose lymph 
node metastasis, intraperitoneal metastasis and recurrence. 
All of these results suggested that MYH9 overexpression 
is associated with a poor prognosis of EOC and it could be 

recommended as a candidate molecular biomarker of EOC. 
Moreover, it was concluded that MYH9 may directly or indi-
rectly participate in the migration and invasion of ovarian 
cancer. However, more in vivo and in vitro experiments are 
required to identify its role in EOC.

Furthermore, using univariate Cox analysis it was found 
that MYH9 expression, intraperitoneal metastasis, intestinal 
metastasis, postoperative chemotherapy and hyperthermic 
intraperitoneal chemotherapy were prognostic factors. In addi-
tion, in a multivariate Cox regression analysis demonstrated 
that MYH9 expression, intestinal metastasis, postoperative 
chemotherapy and hyperthermic intraperitoneal chemotherapy 
were independent prognostic factors of ovarian cancer, but 
intraperitoneal metastasis was not significantly associated. All 
these results suggest that MYH9 expression is an independent 
prognostic factor and MYH9 overexpression may be corelated 

Table I. Continued.

 MYH9
 --------------------------------------------------------------
  No or low Moderate or χ2 test Fisher's exact
Characteristic Total, n (%) expression strong expression P-value test P-value

Hyperthermic intraperitoneal chemotherapy
  No 240 (90.91) 65  175  0.8270 
  Yes   24   (9.09) 7 17  
Ascites with tumor cells (+)
  No   56 (50.91) 24 32 0.0058 
  Yes   54 (49.09) 10 44  
Cytoreductive surgery
  No     9   (3.42) 1 8  0.2655 0.4515
  Yes 254 (96.58) 71 183  
CA125 (U/ml)
  ≤35   32 (12.65) 11 21  0.3060 
  >35 221 (87.35) 57 164  
CA72‑4 (U/ml)
  ≤7   99 (45.83) 30 69 0.4459 
  >7 117 (54.17) 30 87  
CA153 (U/ml)
  ≤25   31 (32.29) 6 25 0.5664 
  >25   65 (67.71) 16 49  
AFP (U/ml)
  ≤25 209 (99.05) 59 150  >0.05
  >25     2   (0.95) 0 2  
CEA (U/ml)
  ≤5.0 189 (88.32) 54 135 0.9526 
  >5.0   25 (11.68) 7 18  
HE4 (pmol/l)
  ≤140   45 (34.35) 16 29 0.6301 
  >140   86 (65.65) 27 59  

MYH9, myosin 9; FIGO, International Federation of Gynecology and Obstetrics. AFP, α-fetoprotein; CEA, carcinoembryonic antigen; 
HE4, human epididymis protein 4.
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with the prognosis of EOC, which suggested that MYH9 may 
be a useful independent prognostic marker in EOC. In addi-
tion, intraperitoneal metastasis and intestinal metastasis were 
associated with poor prognosis of EOC, so more efficacious 
treatment methods should be given to these patients. Moreover, 
the present study suggested that hyperthermic intraperitoneal 
chemotherapy should be performed in cytoreductive surgery, 
because it influences the prognosis of EOC.

In conclusion, MYH9 overexpression was associated with 
FIGO stage, lymph node metastasis, intraperitoneal metastasis, 
vital status, intraperitoneal recurrence, residual tumor size and 
ascites with tumor cells. Additionally, it was an independent 
prognostic factor and its overexpression may be associated with 
the poor prognosis of ovarian cancer. Furthermore, MYH9 can 
be recommended as a useful independent prognostic marker in 
EOC. In future, more in vivo and in vitro studies are required to 
demonstrate its role and molecular mechanism in development 
and progression of ovarian cancer.
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Table II. Cox regression univariate and multivariate analyses of prognostic factors in epithelial ovarian cancer.
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 ------------------------------------------------------------------------------------- ------------------------------------------------------
 Number  Regression  95% confidence
Variable of patients P‑value coefficient (SE) P‑value interval

MYH9  
  Low expression 72 0.007 0.339 0.009 1.250-4.802
  High expression 193    
Intraperitoneal metastasis  
  No 87 0.026 0.320 0.570 -
  Yes 177    
Intestinal metastasis  
  No 135 0.040 0.250 0.011 1.176-3.422
  Yes 129    
Postoperative chemotherapy  
  No 8 0.004 0.639 <0.001 0.024-0.347
  Yes 254    
Hyperthermic intraperitoneal chemotherapy  
  No 240 0.007 0.485 0.026 1.138-7.935
  Yes 24    

MYH9, myosin 9; SE, standard error.
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