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Overexpression of DOCK6 correlates with poor  
survival of patients with epithelial ovarian cancer
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Abstract: Objective: To investigate the role of the dedicator of cytokinesis 6 gene (DOCK6) in epithelial ovarian 
cancer (EOC). Methods: The expression of DOCK6 was measured through immunohistochemistry in samples from 
sixty-five EOC patients. The correlations between DOCK6 immunoreactivity and different clinicopathological charac-
teristics were determined by Pearson’s χ2 test or Fisher’s exact test. Different clinicopathological characteristics in 
relation to patient survival were evaluated by the Kaplan-Meier survival analysis and multivariate Cox regressions. 
Results: High DOCK6 expression in EOC tissues was positively associated with an advanced (III+IV) Federation 
International of Gynecology and Obstetrics (FIGO) stage (P=0.01) and high tumor grade (P=0.01). Using multivariate 
Cox regressions, DOCK6 expression (P=0.04, HR=2.29, 95% CI=1.06-4.96), FIGO stage (P=0.02, HR=12.15, 95% 
CI=1.39-106.28) and any residual tumor (P=0.02, HR=3.14, 95% CI=1.19-8.27) were shown to be independent 
prognostic factors. Conclusion: The overexpression of DOCK6 in EOC tissues was associated with advanced FIGO 
stage, suggesting that DOCK6 might be involved in the progression of EOC. More importantly, these data validate 
DOCK6 expression in addition to two pathological parameters (FIGO stage and residual tumor) as independent 
prognostic markers for EOC patients.
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Introduction

Ovarian cancer (OC) is the most lethal malig-
nant gynecological tumor due to having a 5-year 
survival rate of only 30%, thus it poses a seri-
ous threat to women’s health. OC can develop 
from epithelial cells, stromal cells, germ cells, 
or even from the fallopian tube; however, 90% 
of OCs are epithelial ovarian cancer (EOC) [1, 
2]. OC has the highest mortality rate in gyneco-
logical cancers partly because 70% of OC 
patients are diagnosed at an advanced clini- 
cal stage [3]. Although more than 75% of OC 
patients respond to first-line chemotherapy, 
women who present with recurrence and che-
moresistance have a poor prognosis [4, 5]. 
Therefore, novel and effective target therapies 
are urgently needed to further improve the 

prognosis of advanced stage or recurrent OC 
patients. 

Dedicator of cytokinesis (DOCK) is a protein 
family of atypical Rho guanine nucleotide ex- 
change factors (GEFs) [6, 7]. Based on struc-
tural differences, DOCK 1 through DOCK 11 
were divided into four classes (DOCK A-D) [8]. 
DOCK-A and DOCK-B classes are typical GEFs 
for Rac family small GTPase 1 (RAC1) specifi-
cally, while the DOCK-D subfamily serves as 
GEFs for cell division cycle 42 (CDC42) [9]. 
DOCK6 is a member of the DOCK-C class and 
regulates both RAC1 and CDC42 Rho GTPase 
activity by exchanging guanosine diphosphate 
(GDP) to guanosine triphosphate (GTP) [10]. In 
humans, recessive loss-of-function mutations 
in both alleles of DOCK6 result in Adams-Oliver 
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Syndrome (AOS). AOS is usually characterized 
by an aplasia cutis congenita and transverse 
terminal limb defects [11-13]. Several mem-
bers of the DOCK family relate to tumorigene-
sis, migration and invasion [14-19]. Indeed, 
DOCK6 was proposed as a novel independent 
prognostic factor for predicting outcomes in 
gastric cancer [20].

However, to the best of our knowledge, the 
potential role of DOCK6 in OC has not yet been 
reported. The purpose of this study was to 
detect the expression of DOCK6 in EOC tissu- 
es and correlate this with prognostic factors, 
i.e. age, Federation International of Gyneco- 
logy and Obstetrics (FIGO) stage, tumor grade, 
lymph node metastasis, histologic type, prima-
ry therapy and residual tumor.

Materials and methods

Patients and specimens

This was a retrospective study including sixty-
five patients (19-80 years; median age, 53 
years) with EOC. They underwent ovarian sur-
gery at the West China Second University 
Hospital, Sichuan University (Chengdu, China) 
between June 2006 and June 2012. Exclusion 
criteria were patients who received pre-opera-
tive chemotherapy, radiotherapy or hormonal 
treatments. The control group was comprised 
of females (41-60 years; median age, 50.4 
years) with uterine myoma or mesosalpinx 
cysts. The Ethics Committee of West China 
Second University Hospital of Sichuan Uni- 
versity gave permission for this study. The par-
ticipant in the study signed a written informed 
consent. 

The cases were categorized into the following 
groups: 28 cases of serous carcinoma, 16 
cases of clear cell carcinoma, 10 cases of 
endometrioid carcinoma and 11 cases of muci-
nous carcinoma. EOC stage was classified 
according to the FIGO guideline [21].

Immunohistochemistry (IHC)

The EOC specimens were fixed in formalin, 
embedded in paraffin, then sliced into 4 µm 
sections. The slides were deparaffinized with 
xylene (99%, v/v), hydrated in a series of grad-
ed alcohols (100, 95, 80 and 50%) and soaked 
in 3% hydrogen peroxide for 15 min. Sub- 

sequently, the tumor sections were heated in a 
microwave oven submerged in ethylenediami-
netetraacetic acid (EDTA) buffer for 8 minutes, 
followed by a 30 min incubation with 5% bovine 
serum albumin (BSA) (A8020; Solarbio, Beijing, 
China) at room temperature to reduce non- 
specific binding. Sections were reacted with  
an anti-human DOCK6 polyclonal rabbit anti-
body (25087-1-AP, 1:250, Proteintech, Wuhan, 
China) at 4°C overnight and then rinsed 3 times 
(5 min each) with PBS containing 0.1% Tween-
20 (PBST). Slides were incubated for 1 h with  
a secondary horseradish peroxidase-conjugat-
ed goat anti-rabbit IgG (A0208; Beyotime, 
Shanghai, China) at room temperature. The 
slides were rinsed 3 times (5 min each) with 
PBST, then incubated with peroxidase-conju-
gated streptavidin for 30 min. The complete 
reaction was revealed by 1% (w/v) 3,3’-diami-
nobenzidine tetrahydrochloride for 10 min. 
Finally, the slides were counterstained in 0.5% 
(w/v) hematoxylin for 5 min. Imaging was per-
formed using an upright Leica DM6B micro-
scope at a magnification of ×200 (Leica Mi- 
crosystems, Wetzlar, Germany).

Scoring of immunoreactivity

To assess the protein expression of DOCK6 in 
EOC tissues, we adopted a two-grade scoring 
method, which was based on the staining inten-
sity and the percentage of positive tumor cells. 
The intensity of DOCK6 staining was defined as 
follows: 0 (negative staining), 1 (light yellow), 2 
(yellow-brown), and 3 (brown). The percentage 
of DOCK6-positivity was scored as 0 (negative 
staining), 1 (1-25% positive), 2 (26-50% posi-
tive), 3 (51-75% positive) and 4 (76-100% posi-
tive). The final immunoreactivity score (IS) was 
obtained after multiplying the staining intensity 
by the percentage of positive cells. For statisti-
cal analysis, low expression was defined as 
IS<5, while high expression was defined as 
IS≥5 [22, 23].

Statistical analysis

The correlation between the expression of 
DOCK6 protein and clinicopathological charac-
teristics was performed using Pearson’s χ2 test 
or Fisher’s exact test. To analyze the prognostic 
value of clinicopathological characteristics in 
EOC, Kaplan-Meier analysis (univariate analy-
sis) was performed. The survival curve in the 
two groups were compared using the log-rank 
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method. Multivariate Cox proportional hazards 
models were used to test the simultaneous 
effects of prognostic factors on survival. The 
hazard ratios (HR) and 95% confidence inter-
vals (CI) were calculated. All statistical analys- 
es were performed with SPSS v24 software. 
Graphs were prepared using GraphPad Prism 
8.0. A P-value <0.05 was considered statisti-
cally significant. *P<0.05; **P<0.01; ***P< 
0.001. 

Results

Baseline characteristics of patients

The baseline characteristics of the sixty-five 
EOC patients were listed in Table 1. More than 
half of the patients (55.38%) were younger th- 
an fifty-five. When categorized by FIGO stage, 
61.54% of patients were in stage III+IV. About 

lyzed by Pearson’s χ2 test or Fisher’s exact test. 
Patients with FIGO III+IV stage had a signifi-
cantly higher protein expression of DOCK6 
when compared with that of patients with FIGO 
I+II EOC (P=0.01, Figure 2A). Furthermore, 
DOCK6 protein expression was significantly 
higher in high-grade EOC lesions, when com-
pared to that of lesions with low-moderate 
grades (P=0.01, Figure 2B). However, we found 
no significant associations between the level  
of DOCK6 expression and patient age, lymph 
node metastasis, histological type, primary 
therapy or residual tumor (Table 1).

DOCK6 immunoreactivity and patient survival

DOCK6 expression, age, FIGO stage, tumor 
grade, lymph node metastasis, histologic type, 
primary therapy and residual tumor were evalu-
ated as prognostic factors by Kaplan-Meier sur-

Table 1. Relationship between the expression of DOCK6 and 
clinicopathological characteristics in EOC

Characteristics N (%)

DOCK6-positive tumor 
cells

Low, n High, n
P-value

34 31
Age (years) 0.93
    ≤55 36 (55.38) 19 17
    >55 29 (44.62) 15 14
FIGO stage 0.01
    I+II 25 (38.46) 18 7
    III+IV 40 (61.54) 16 24
Tumor grade 0.01
    Low-moderate (G1+G2) 23 (35.38) 17 6
    High (G3) 42 (64.62) 17 25
Lymph node metastasis 0.07
    Negative 35 (53.85) 22 13
    Positive 30 (46.15) 12 18
Histologic type 0.07
    Serous adenocarcinoma 28 (43.08) 11 17
    Non-serous adenocarcinoma 37 (56.92) 23 14
Primary therapy 0.62
    Surgery 4 (6.15) 3 1
    Surgery + others 61 (93.85) 31 30
Residual tumor 0.19
    <1 cm 45 (69.23) 26 19
    ≥1 cm 20 (30.77) 8 12
DOCK6: dedicator of cytokinesis 6; EOC: epithelial ovarian cancer; FIGO: 
Federation International of Gynecology and Obstetrics; G1: grade 1; G2: grade 
2; G3: grade 3.

half of the patients had high-grade 
(G3) EOC (64.62%), lymph node 
metastasis (46.15%) and were 
diagnosed with serous adenocar-
cinoma (43.08%). The majority of 
patients (93.85%) received sur-
gery and adjuvant chemotherapy. 
After the primary surgery, the 
residual tumor of most patients 
(69.23%) was less than 1 cm.

DOCK6 expression in EOC tissues 
detected by IHC

We used IHC experiments to ana-
lyze the expression of DOCK6 in 
EOC tissues, including mesosal-
pinx cysts (Figure 1A), serous car-
cinoma (Figure 1B), endometrioid 
carcinoma (Figure 1C), clear cell 
carcinoma (Figure 1D) and muci-
nous carcinoma (Figure 1E). Im- 
munoreactive DOCK6 was local-
ized in the cytoplasm in all catego-
ries of EOC and 31/65 cases pre-
sented a high DOCK6 expression 
(IS≥5) (Table 1).

Correlation between the expres-
sion of DOCK6 and clinicopatho-
logical characteristics

The correlations between DOCK6 
immunoreactivity and clinicopath-
ological characteristics were ana-
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vival analysis. Among the 65 patients exam-
ined, 32 cases died of EOC and 33 cases were 
censored. Patients with a high expression of 
DOCK6 had poorer outcomes than those with a 

gression analysis. The results revealed that 
DOCK6 expression (P=0.04, HR=2.29, 95% 
CI=1.06-4.96), FIGO stage (P=0.02, HR=12.15, 
95% CI=1.39-106.28) and residual tumor 

Figure 1. DOCK6 protein expression in EOC tissues (magnification, ×200). Mesosalpinx cysts tissue (A) was used as 
a negative control. The cases of EOC tissues were classified as serous carcinoma (B), endometrioid carcinoma (C), 
clear cell carcinoma (D) and mucinous carcinoma (E). Scale bar, 100 µm. DOCK6: dedicator of cytokinesis 6; EOC: 
epithelial ovarian cancer.

Figure 2. The expression of DOCK6 in EOC tissues grouped by clini-
copathological parameters. (A) The expression of DOCK6 in FIGO I+II 
and FIGO III+IV stages. (B) The expression of DOCK6 in low-moderate 
(G1+G2) and high (G3) tumor grades. Blue circles (A): FIGO I+II stag-
es; Red triangles (A): FIGO III+IV stages; Blue circles (B): low-moderate 
(G1+G2) tumor grades; Red triangles (B): high (G3) tumor grades; *: 
P<0.05; DOCK6: dedicator of cytokinesis 6; EOC: epithelial ovarian can-
cer; FIGO: Federation International of Gynecology and Obstetrics; G1: 
grade 1; G2: grade 2; G3: grade 3.

low expression of DOCK6 (P< 
0.01, HR=3.34, 95% CI=1.65-
6.79, Figure 3A). Moreover, FIGO 
III+IV stage (P<0.001, HR=31.80, 
95% CI=15.90-63.60, Figure 3B), 
high tumor grade (P<0.001, HR= 
5.62, 95% CI=2.80-11.28, Figure 
3C), positive of lymph node metas-
tasis (P<0.001, HR=11.26, 95% 
CI=5.37-23.62, Figure 3D), residu-
al tumor ≥1 cm (P<0.001, HR= 
6.74, 95% CI=2.73-16.68, Figure 
3E) were associated with poor 
survival. However, there were no 
correlations between age, histo-
logic type, primary therapy and 
the prognosis of EOC patients 
(Table 2).

The clinicopathological character-
istics that were significant in uni-
variate analysis, i.e. DOCK6 ex- 
pression, FIGO stage, tumor gra- 
de, lymph node metastasis, resid-
ual tumor, were additionally inves-
tigated using multivariate Cox re- 
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(P=0.02, HR=3.14, 95% CI=1.19-8.27) were 
independent prognostic factors (Table 2; 
Figure 3F).

Discussion

DOCK6, as an atypical Rho GEF, has been 
reported to promote vascular smooth muscle 
cell migration, axonal outgrowth and gastric 
cancer progression [24-27]. However, the role 

of DOCK6 in EOC is currently unknown. In the 
present study, the expression of DOCK6 in EOC 
tissues was examined. Furthermore, the corre-
lation between clinicopathological characteris-
tics was evaluated. These results suggested 
that DOCK6 is a novel independent prognostic 
biomarker of patients with EOC.

RAC1, CDC42 and RhoA belong to the Rho 
Family of GTPases and are involved in critical 

Figure 3. Survival curves of EOC patients based on clinicopathological parameters. A high expression of DOCK6 was 
found to be a poor prognostic factor of EOC patients using Kaplan-Meier analysis (P<0.01, A). Other clinical prog-
nostic parameters were the FIGO stage (P<0.001, B), tumor grade (P<0.001, C), lymph node metastasis (P<0.001, 
D) and residual tumor (P<0.001, E). Prognostic values of clinicopathological parameters were shown by forest plot 
of hazard ratios using Multivariate Cox proportional hazards models (F). DOCK6: dedicator of cytokinesis 6; EOC: 
epithelial ovarian cancer; FIGO: Federation International of Gynecology and Obstetrics; G1: grade 1; G2: grade 2; 
G3: grade 3.
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cellular activities, such as actin polymeriza- 
tion, actin filament bundling, cell adhesion, cell 
polarity, endocytosis, vesicle trafficking, cancer 
metastasis and invasion [28-30]. These pro-
teins have two conformational states: an active 
state bound to GTP and an inactive state bound 
to GDP. Rho GTPases are regulated by over  
80 activators (GEFs) and over 70 inactivators 
(GTPase-activating proteins, GAPs) [31]. Rho 
GEFs transform GDP to GTP to generate their 
active forms, while the GAPs catalyze the oppo-
site to inactivate the GTPase [32]. DOCK family 
GEFs are one class of Rho GEFs, involved in 
various human cancers and pathologies [33, 
34]. Chang-Hwan et al. reported that the inhibi-
tion of Rac1 impaired the migration, invasion 
and malignant transformation of glioma stem-
like cells [35]. Li et al. has shown a positive cor-
relation between DOCK6 overexpression with 
gender, TNM stage and lymph node metastasis 
in gastric cancer. Furthermore, through the 

activation of RAC1 and CDC42, DOCK6 is able 
to induce the migration and invasion of gastric 
cancer cells [27]. Chi et al. also suggested that 
a positive DOCK6 expression of gastric cancer 
cells was associated with tumor size, lymph 
node metastasis and pathological stage [20]. 
The role of DOCK6 in EOC was in line with that 
of current research. In the present study, high 
DOCK6 expression in EOC tissues was positive-
ly associated with advanced FIGO stage, sug-
gesting that DOCK6 may promote EOC pro- 
gression via the DOCK6-RAC1/CDC42 axis. 
However, due to a lack of molecular experi-
ments, the molecular mechanism of DOCK6 in 
EOC requires additional confirmation.

In our study, we found that DOCK6 expression, 
FIGO stage and residual tumor were associated 
with poor prognosis in EOC patients. FIGO stage 
and the size of the residual tumor are definitive 
factors affecting the overall survival rate of EOC 

Table 2. Univariate and multivariate analysis for the cumulative survival rate of EOC patients

Characteristics N
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Age (years) 1.54 (0.76-3.12) 0.22
    ≤55 36
    >55 29
FIGO stage 31.80 (15.90-63.60) <0.001 12.15 (1.39-106.28) 0.02
    I+II 25
    III+IV 40
Tumor grade 5.62 (2.80-11.28) <0.001
    Low-Moderate (G1+G2) 23
    High (G3) 42
Lymph node metastasis 11.26 (5.37-23.62) <0.001
    Negative 35
    Positive 30
Histologic type 0.67 (0.33-1.35) 0.25
    Serous adenocarcinoma 28
    Non-serous adenocarcinoma 37
Primary therapy 0.76 (0.15-3.83) 0.71
    Surgery 4
    Surgery + Others 61
Residual tumor 6.74 (2.73-16.68) <0.001 3.14 (1.19-8.27) 0.02
    <1 cm 45
    ≥1 cm 20
DOCK6 expression 3.34 (1.65-6.79) <0.01 2.29 (1.06-4.96) 0.04
    Low 34
    High 31
DOCK6: dedicator of cytokinesis 6; EOC: epithelial ovarian cancer; FIGO: Federation International of Gynecology and Obstetrics; 
G1: grade 1; G2: grade 2; G3: grade 3.
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patients. In oral squamous cell cancer, Zhang 
et al. found that overexpression of DOCK6 pro-
moted cellular migration and invasion and was 
associated with poor prognosis [36]. Earlier 
research reported that gastric cancer patients 
with positive DOCK6 expression presented 
shorter cumulative survival [20, 27]. These 
results were in consistent with DOCK6 being a 
novel independent prognostic factor for EOC.

Our study was retrospective in nature. Future 
prospective studies with larger-scale sample 
sizes are needed to validate the results pre-
sented here. In vivo and in vitro studies are 
required to address the biological roles and cell 
signaling pathways of DOCK6 in EOC.

Conclusion

In conclusion, the overexpression of DOCK6 on 
EOC tissues was associated with advanced 
FIGO clinical stage, indicating that DOCK6 may 
be involved in EOC progression. Furthermore, 
besides FIGO stage and residual tumor, our 
data validated DOCK6 expression as a novel 
independent prognostic marker for poor sur-
vival in EOC. 
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