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The dedicator of cytokinesis 6 (DOCKG®6) is a novel indicator for
prognosis in cervical cancer: a retrospective cross-sectional study
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Background: Dedicator of cytokinesis 6 (DOCKS6) is a member of DOCK family, and it works as atypical
guanine nucleotide exchange factors (GEFs) in the cellular signaling pathway. In certain type cancer, down-
regulation of DOCKG6 promotes cell proliferation and metastasis both iz vive and in vitro.

Methods: In the present study, we explored the expression of DOCKS6 in 94 cervical cancer (CC) patients
and analyzed the relationship between DOCKS6 expression and several clinicopathological characteristics.
Shortly, immunohistochemical analysis was performed to measure the expression of DOCKS6 in tumor cells.
Chi-square test or Fisher’s exact test was used to assess the associations between DOCKG6 expression and
nine different clinicopathological characteristics, and the Kaplan-Meier curves was taken out to analyze the
overall survival (OS) in different DOCKG6-expression groups.

Results: The expression of DOCKG6 was significantly associated with the lymph node metastasis (P=0.032),
the depth of stromal invasion (P=0.014), the positive vaginal cuff (0.032) and lymphovascular space invasion
(P=0.009), suggesting DOCK6 may participate in the progression of CC. Moreover, patients with high
DOCKG expression had a poorer OS in compared with the low DOCKG expression group (median survival,
64.72+3.35 wvs. 79.62+0.79 months) (P=0.046), and DOCKG6 was independent indictor for a poor prognosis
based on the Cox regression model.

Conclusions: Combined, the DOCKG6 may serve as a candidate for CC immunotherapy in the future.
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Introduction volume, depth of tumor invasion into the cervical stroma,

Cervical cancer (CC) is the fourth leading cancer affected and lymph-vascular space invasion (2). The 5-year survival

women globally. In the age between 20 to 39, CC is the
second most common cause of cancer death in 2019 (1).
According to the report from World Health Organization
in 2022, an estimated 604,000 new cases and 342,000 deaths
happened in 2020 (1). The prognosis of CC varies based
on the clinical stage, status of the lymph nodes, tumor
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of patients with stage IB node-negative disease is up to
87%, while it is approximately 70% for those with locally
advanced CCs (3). For early stage, either surgical treatment
or concurrent chemoradiotherapy is appropriate, but for
the advanced stage, concurrent chemoradiotherapy is

superior (4). Immunotherapy is another therapeutic
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approach to target a specific signaling pathway in cells.
Progress in immunotherapy research and the expression
of biomarkers in CC offers new hope for patients with
advanced stage and recurrent or metastatic disease (5-7).
Currently, the Pembrolizumab, an immune checkpoint
programmed cell death protein 1 (PD-1) inhibitor,
is the only drug approved by the US Food and Drug
Administration to apply in the advanced stage with
progressive disease (8,9). Some research also reveals the use
of biomarkers in CC is promising (10,11).

The dedicator of cytokinesis (DOCK) is a conserved
family which work as atypical guanine nucleotide exchange
factors (GEFs) to participate in the cellular signaling
pathway (12). The family consists of 11 gene products
(DOCK 1-11) that are structurally divided into four classes
as DOCK-A, -B, -C, and -D (13). DOCKG6 is a member
of DOCK-C subfamily, and it displays GEF activities
for both Racl and Cdc42 through its Dock Homology
Region-2 (DHR-2) domain both iz vitro and in vive (14).
Racl and Cdc4 are well-known members of the Rho
GTPase family, that play an important role in cell activities
including tumorigenesis, angiogenesis, invasion, and
metastasis (15,16). In gastric cancer, DOCKG6 participates
in cell migration, proliferation, sphere formation and
tumorigenicity, and promotes chemo- and radioresistance
through Wnt/B-catenin signaling pathway (13,16). Down-
regulation of DOCKS6 promotes gastric cancer proliferation

Highlight box

Key findings

* Padents with high dedicator of cytokinesis 6 (DOCK6) expression
had a poorer overall survival (OS) in compared with the low
DOCKG expression group.

What is known and what is new?

* DOCKG is associated with cell proliferation and metastasis in
certain types of cancer and could serve as a biomarker for cancer
prognosis. But its expression and pathophysiological effect in
cervical cancer (CC) stays unknown. In this study, we found the
expression of DOCKG6 was significantly associated with the lymph
node metastasis, the depth of stromal invasion, the positive vaginal
cuff and lymphovascular space invasion. Besides, patients with high
DOCKG6 expression had a poorer OS in compared with the low
DOCKG6 expression group.

What is the implication, and what should change now?

¢ Combined, DOCK6 was probably involved in the development
and progression of CC, for which DOCKG6 could be a potential
target for immunotherapy for CC in the future.
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and metastasis trough activation of Racl and Cdc42 both
in vivo and in vitro (17). According to the research above,
DOCKG® could serve as a potential therapeutic target for
tumor therapy. However, the expression pattern of DOCKG6
in CC has not been demonstrated yet and its molecular
biological functions in the tumor remains unknown.

In the present study, immunohistochemical analysis was
performed to assess the expression of DOCK6 in CC and
its prognostic value in different stages of CC was evaluated.
We present this article in accordance with the STROBE
reporting checklist (available at https://gpm.amegroups.
com/article/view/10.21037/gpm-23-13/rc).

Methods
Patients and tissue sample

In this retrospective cross-sectional study, archived
formalin-fixed paraffin-embedded specimens from 94 CC
patients were included between June 2006 and June 2012,
during which period patients’ medical records, cervical
tissues and follow-up records were fully collected and
well preserved. Only CC patients without chemotherapy
or radiotherapy before surgical treatment were enrolled.
Patients with neoadjuvant chemotherapy or combined
with tumors in other organs were excluded. The telephone
follow-ups were completed with two individual staff. Three
control cervical tissues were from females who underwent
hysterectomy because of uterine myoma. Those tissue
slides including malignant and normal cervical tissues were
obtained from the Department of Pathology West China
Second University Hospital, Sichuan University (Chengdu,
China). The characteristics of patients, including age,
histological type and disease stage are summarized in Tizble 1.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of West China Second
Hospital of Sichuan University (2023 Medical Scientific
Research for ethical approval No. 316) and written
informed consent was obtained from all patients.

Immunobhistochemistry (IHC) analysis of DOCK6

expression

DOCKG6 expression in different CC tissues was analyzed
by immunohistochemical method. The paraffin-embedded
tissues were sectioned (thickness, 3—-4 pm) and mounted
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Table 1 DOCKG6-expression associated with clinicopathological characteristics in patients with cervical cancer (n=94)
DOCKB®6-positive tumor cells
Characteristics Total, n (%)
Low, n (%) High, n (%) P value
Total number 94 55 (58.51) 39 (41.49)
Age (years) 0.375
<65 91 (96.81) 52 (55.32) 39 (41.49)
>65 3(3.19 3(3.19 0 (0.00)
Stage 0.34
<IB 82 (87.23) 50 (53.19) 32 (34.04)
>1IB 12 (12.77) 5(5.32) 7 (7.45)
Grade 0.11
Low (G1 + G2) 84 (89.36) 52 (55.32) 32 (34.04)
High (G3 + G4) 10 (10.64) 3(3.19) 7 (7.45)
Lymph node metastasis 0.032*
Negative 77 (81.91) 49 (52.13) 28 (29.79)
Positive 17 (18.09) 6 (6.38) 11 (11.70)
Histologic type 0.207
Squamous carcinoma 83 (88.03) 51 (54.26) 32 (34.04)
Non-squamous carcinoma 11 (11.70) 4 (4.26) 7 (7.45)
Stromal invasion (depth) 0.014*
<1/2 43 (45.74) 31 (32.98) 12 (12.77)
>1/2 51 (54.26) 24 (25.53) 27 (28.72)
Vaginal cuff involvement 0.032*¢
Negative 75 (79.79) 48 (51.06) 27 (28.72)
Positive 19 (20.21) 7 (7.45) 12 (12.77)
Lymphovascular space invasion 0.009*
Negative 48 (51.06) 34 (36.17) 14 (14.89)
Positive 46 (48.94) 21 (22.34) 25 (26.60)
Parametrium involvement 0.184
Negative 89 (94.68) 54 (57.45) 35 (37.23)
Positive 5(5.32) 1(1.06) 4 (4.26)
Tumor-specific survival 0.046*
Total/events/censored 94/10/84 55/3/52 39/7/32
Median survival 75.83+1.69 79.62+0.79 64.72+3.35
95% confidence interval 72.51-79.15 78.08-81.17 58.14-71.29

*, P<0.05. Events, cancer-associated mortality; Censored, patients were alive at the date of the last visit or at the time of mortality due to
non-cervical cancer-associated causes. DOCK®6, dedicator of cytokinesis 6.
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on poly-l-lysine-coated slides. Firstly, samples were
deparaffinized with 99% (v/v) xylene and sequentially
rehydrated in a graded ethanol series (100%, 95%,
80% and 50%). Antigen retrieval was performed using
10 mmol/L boiling (~95 °C) sodium citrate buffer at pH
6.0 for 15 min. Samples were immersed in 3% hydrogen
peroxide for 30 min at room temperature to block the
endogenous peroxidase activity, followed by incubation
in 5% bovine serum albumin (BSA) (cat. no. 9048-46-8;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for
30 min to reduce non-specific binding. Slides were then
sequentially incubated with the primary antibodies, anti-
human DOCKS6 polyclonal rabbit antibody (cat. no.
25087-1-AP; Proteintech, Wuhan, China; 1:250 diluted
in 5% BSA) at 4 °C overnight and then incubated with
a secondary horseradish peroxidase-conjugated goat
anti-rabbit immunoglobulin G (IgG) (cat. no. A0208;
Beyotime, Shanghai, China) at room temperature for 1 h.
After that, slides were then incubated with 1% (w/v)
3,3’-diaminobenzidine solution to develop color. Finally,
slides were counter-stained with 0.5% (w/v) hematoxylin
and covered with neutral balsam. Images were acquired
using a Carl Zeiss Axiovert 200M microscope and
AxioVision Rel. 4.7 software.

Evaluation of DOCKG6 protein expression

The evaluation of the protein expression in CC tissues was
analyzed with a semi-quantitative method. The method
was based on the number of positive tumor cells and the
staining intensity (regardless of the positive subcellular
location) (18). Briefly, the DOCKS staining intensity was
classified as follows: 0, negative staining; 1, weak staining
(light yellow); 2, moderate staining (yellow-brown); and
3, strong staining (brown). In the same tumor tissue with
different staining intensities, only the highest intensity was
adopted. The percentage of DOCKG6-positive cells was
also scored as follows: 0, no stained cells; 1, 1-30% positive
cells; 2, 31-60% positive cells; 3, 61-90% positive cells; 4,
91-100% positive cells. The final immunoreactivity score
(IS) of each sample was determined by adding the scores
for the staining intensity and the percentage of DOCKG6-
positive cells. Scores of 0-3 were defined as ‘negative
expression’ (=), scores of 4-5 as ‘weakly positive expression’
(+), and scores of 6-7 as strongly positive expression’ (++).
In addition, overall scores were dichotomized into two
groups: low expression (IS <5); and high expression (IS >5)
in CC samples.
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Statistical analysis

In the present study, patients were followed until the end of
the follow-up period (June 2012) or mortality. The overall
survival (OS) was reckoned from the date of the initial
diagnosis to the date of the last follow-up or mortality.
Patients were censored at the date of the last visit or
mortality due to non-CC-associated causes. The correlation
between the clinicopathological characteristics of patients
and the expression of DOCKG6 in CC was analyzed using
Chi-square test or Fisher’s exact test with SPSS v22 software
(IBM Corp., Armonk, NY, USA). OS was evaluated via
Kaplan-Meier 5-year survival curves using log-rank tests.
Univariate and multivariate Cox proportional hazard
models were applied to measure the associations between
DOCKG6 expression and clinical characteristics with OS.
P<0.05 (two-tailed) was considered to indicate a statistically
significant difference.

Results
Patients’ characteristics

A total of 94 patients with CC were brought into this
study. The median follow-up period was 56 months
(ranging from 11 to 74 months). At the end of the 6-year
study period, 86 cases of survival were censored, while
the other eight events were CC-associated mortalities.
The eight patients had relapse and three of them had
experienced metastasis before death. General characteristics
of patients were displayed in Table 1. Generally, women
who are 65 years old or older could stop screening for
negative screening results for her past 10 years, thus we
divided our patients into two age groups (<65 years, n=91,
96.81% and >65 years, n=3, 3.19%). The median age was
41.2 years with range from 31 to 67 years, and 96.81% of
them were equal to or lower than 65 years. The cervical
stage was divided according to International Federation of
Gynecology and Obstetrics (FIGO) staging [1994] (19).
According to the National Comprehensive Cancer
Network (NCCN) guideline, definitive chemoradiation is
recommended for most advanced stage (> stage IIB). Thus,
patients here were divided into early-stage group (< IIB)
(n=82, 87.23%) and advanced stage (> stage 1IB) (n=12,
12.77%). Overall, 88.30% (n=83) of cases were cervical
squamous cell carcinoma, and the rest 11.70% (n=11)
were non-squamous carcinoma. The pathological grade
was classified into two groups, with 10.64% (n=10) poorly
differentiated as Grade 3/Grade 4, 89.36% (n=84) were
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Figure 1 DOCKS expression in cervical cancer. DOCKG6 expression was mainly found in the cytoplasm of squamous cell carcinoma (A)

and it was absent in the normal cervical tissue (B). DOCKG staining was graded as weak (C), moderate (D) or strong (E). DOCKG6 was also

expressed in adenocarcinoma (F). DOCKG6 expression is indicated by the black arrow. Immunohistochemistry staining; magnification, 400x.

DOCKS, dedicator of cytokinesis 6.

relatively well differentiated as Grade 1/Grade 2.

Expression of DOCKG6 in cervical lesions and the related
clinical relationships detected by IHC

The expression of DOCKG6 mainly located in the cytoplasm
(Figure 1), which was in accordance with its cellular
function. The final IS of each sample was based on a
combination of the percentage of DOCKG6-positive cells

© Gynecology and Pelvic Medicine. All rights reserved.

and the staining intensity. High expression of DOCK6
(IS =5) was detected in 39 samples (41.49%), and the rest
55 samples (58.51%) were deemed as low expression group.
The association between patients’ clinicopathological
characteristics and DOCKG6 expression (low vs. high
expression) was summarized in Tzble 1. Generally,
DOCKG6 expression was significantly associated with
lymph node metastasis (P=0.032), the depth of stromal
invasion (P=0.014), the positive vaginal cuff (P=0.032),
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Figure 2 Prognostic significance of DOCKG6 expression cervical cancer. The total median survival time was 75.83+1.69 months and the

overall 5-year survival rate was as high as 90.42% (A). The 5-year overall survival rate of high DOCKG6 expression group was 82.05%,
significantly lower than that of the low DOCKG6 expression group (96.36%) (P=0.046) (B). DOCKG6, dedicator of cytokinesis 6.

lymphovascular space invasion (P=0.009). Specifically,
patients with lymph node metastasis (11.70% vs. 6.38%),
involvement of vaginal cuff (12.77% vs. 7.45%) and
lymphovascular space invasion (26.60% vs. 22.34%) were
more common to have high DOCKGS6 expression than those
without. Moreover, patients with stromal invasion over 1/2
were prone to have high DOCKG6 expression than those
with stromal invasion less than 1/2 (28.72% vs. 25.53%).
However, the DOCKG6 expression was not significantly
associated with the patients’ age, cancer stage, the tumor
cell differentiation, the histologic type and the parametrium
involvement.

Survival analysis and prognostic significance of
DOCKG6 in CC

"To investigate the potential relationship between DOCKG6
and the prognosis of CC, Kaplan-Meier curves was
constructed for OS analysis. The total median survival time
was 75.83£1.69 months and the overall 5-year survival rate
was as high as 90.42%. The median survival time in patients
with high DOCKG6 expression (n=39) was significantly
shorter than that in the low DOCKS6 expression group
(n=55) (64.72+3.35 vs. 79.62+0.79 months) (P=0.046). As
shown in Figure 2, the 5-year OS rate of the high DOCK6
expression group was 82.05%, significantly lower than that
of the low DOCKGS expression group (96.36%).

Moreover, univariate Cox regression model was
performed to explore the associations between the
clinicopathological characteristics and OS in CC patients.

© Gynecology and Pelvic Medicine. All rights reserved.

As displayed in Table 2, results suggested the cancer stage
[hazard ratio (HR) =9.13, P=0.001], lymph node status (HR
=6.89, P=0.030), and the DOCKG6 expression (HR =3.62,
P=0.046) were correlated a shorter OS and poor prognosis.
When taken those four factors together into consideration,
the multivariate Cox regression model results revealed only
these three factors cancer stage (HR =10.67, P=0.008),
lymph node status (HR =9.01, P=0.002), and the DOCK6
expression (HR =7.68, P=0.030) were independent factors
to predict the prognosis of CC. Specifically, the advanced
cancer stage (> IIB), the positive lymph node metastasis and
high expression of DOCKGS in tumor tissue all indicated a
poor survival for CC patients.

Discussion

CC is one of a few cancers which has a clear cause
responsible for its development. More than 99.7% of
invasive cervical squamous cell is related to the infection
of human papillomavirus (HPV) in genital tract (20).
Nowadays, CC is considered as a preventable cancer due
to the wide use of HPV vaccination. The progress of
CC is a long-term process starting from HPV infection,
followed by involvement of several cell signaling pathway
(21,22). Several distinct signaling pathways that have been
implicated in the progress of HPV-induced cancer, which
may provide the potential targets for immunotherapy. The
Wnt/B-catenin pathway may be critical for the initiation
of CC. The E6 oncoprotein of HPV16 activates the Wnt/
B-catenin pathway and result in the accumulation of
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Table 2 Univariate and multivariate Cox analyses for cancer-specific overall survival in patients with cervical cancer (n=94)
Univariate analysis Multivariate analysis
Characteristics N
HR (95% Cl) P value HR (95% Cl) P value
Age (years) 0.31 (0.04-2.42) 0.263 0.05 (0.01-1.56) 0.873
<65 91
>65 3
Stage 9.13 (2.63-31.68) 0.001* 10.67 (1.88-60.61) 0.008*
<IIB 82
> 1B 12
Grade 1.12 (0.14-8.87) 0.912 2.12 (0.08-53.97) 0.650
Low (G1 + G2) 84
High (G3 + G4) 10
Lymph node metastasis 6.89 (1.94-24.45) 0.030* 9.01 (2.20-36.95) 0.002*
Negative 77
Positive 17
Histologic type 1.98 (0.42-9.36) 0.388 1.01 (0.11-9.01) 0.101
Squamous carcinoma 83
Non-squamous carcinoma 11
Stromal invasion (depth) 1.27 (0.36-4.50) 0.172 0.86 (0.18-4.14) 0.856
<1/2 43
>1/2 51
Vaginal cuff involvement 2.71 (0.76-9.60) 0.123 0.44 (0.06-3.11) 0.415
Negative 75
Positive 19
Lymphovascular space invasion 2.55 (0.66-9.86) 0.175 2.48 (0.44-14.00) 0.304
Negative 48
Positive 46
Parametrium involvement 2.00 (0.25-15.84) 0.510 1.01 (0.11-9.07) 0.964
Negative 89
Positive 5
DOCKE®6 expression 3.62 (0.94-14.00) 0.046* 7.68 (1.22-48.37) 0.030*
Low 55
High 39
*, P<0.05. N, number; HR, hazard ratio; Cl, confidence interval; DOCK®6, dedicator of cytokinesis 6.
B-catenin, which induces transcription of a wide variety of carcinogenesis by upregulation of EGFR and subsequently
genes to promote cell proliferation and differentiation (23). activation of MAPK/ERK pathways (24).
Another important pathway is PI3K/Akt pathway. Once With the extensive disclosure of the interaction
being activated by E6/E7, PI3K/Akt pathway could lead to between tumor microenvironment and immune cells,

© Gynecology and Pelvic Medicine. All rights reserved.
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immunotherapy soon became a promising therapeutic
approach which plays roles through immunomodulatory
signaling pathways (25). Immune check-point inhibitors
are the most successful immunotherapy that magnify the
immune responses to heterogeneous tissues (26). At present,
the most famous check-points are PD-1 and its ligand
(PD-L) and the cytotoxic T lymphocyte associate antigen
4 (CTLA-4), which impair the activation, proliferation and
anti-tumor function of T cells (27,28). Based on that, drugs
like ipilimumab targeting CTLA-4, pembrolizumab and
nivolumab targeting PD-1 are developed and applied in
certain type of cancers (29). According to the preliminary
results, those three drugs showed attractive antitumor
activity in CC alone or combined with chemotherapy/
radiotherapy (6).

DOCKG6 is a member of DOCK family, which are
evolutionary conserved exchange factors for the Rho
GTPases Racl and Cdc42. In human body, DOCKG is
mainly expressed in fat, followed by lung and thyroid.
DOCKG6 has two domains and regulates neurite outgrowth
through the second domain, which function as the GEF
for Cdc42 and Racl small GTPases (14). Wang et al.
firstly revealed the DOCKG6 expression is an independent
biomarker for gastric cancer prognosis through Wnt/
B-catenin signaling pathway (30). Furthermore,
overexpression of DOCKG in gastric cancer cell leaded to
the lower chemo- and radio-sensitivities and induction of
stemness phenotypes (31). Except for gastric cancer, the role
of DOCKG as a prognostic indicator was also demonstrated
in another cancer oral squamous cell cancer, thus enhancing
its potential therapeutic target for cancer treatment (32).
Being activated by DOCKS6, Racl and Cdc42 then regulate
B-catenin to modulate tumor progression through Wnt
signaling, which pathway could be suppressed by microRNA
miR-148b-3p (17). As illustrated previously, Wnt/B-catenin
signaling pathway and PI3K/Akt pathway play role in
development and progression of CC, based on which point
we presumed the DOCKGS is presumably associated with
CC. Similar to Chi’ finding (31), in our research, we found
high DOCKG6 expression was correlated with the lymph
node metastasis (P=0.032), the depth of cervical stromal
invasion(P=0.004), parametrial infiltration(P=0.032),
the depth of stromal invasion (P=0.014), the vaginal cuff
involvement (P=0.032) and lymphovascular space invasion
(P=0.009). Those results suggested DOCKG6 may be
associated with the progress of tumor cells, which means
target on DOCKG6 could be a good choice against disease
progression. Moreover, according to the univariate and

© Gynecology and Pelvic Medicine. All rights reserved.
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multivariate Cox regression analyses, DOCKG6 was an
independent factor to predict the prognosis of CC, and the
high DOCKG6 expression in tumor tissue possibly indicates
a poor prognosis.

Those combined results indicate the DOCK6 may
involve in the progression of CC, providing the possibility
that DOCKG6 works as a potential target for CC therapy.
Thus, the measurement of DOCKG6 expression in the
patients’ biopsy tissue or surgical specimens may be effective
to evaluate the stage of CC and predict the prognosis. More
importantly, the measurement of DOCKG6 expression is an
appropriate way to identify the specific patients who would
benefit from the novel DOCKG6-associated immunotherapy
and contribute to the development of personalized
treatment programs. However, this was small retrospective
cross-sectional study in one center, which added bias in the
conclusion. In the future, we are aiming to investigate the
pathway of DOCKG6 playing in CC in cell research and try
to get more clinicopathological data from multiple centers.

Conclusions

DOCKG6 was expressed in CC tissue and its expression
was highly correlated with the tumor-specific survival of
CC. High expression of DOCK6 was more commonly
found in advanced stage patients, and it was identified as an
independent prognostic factor for the prediction of poor
survival in CC. Thus, DOCKG6 was probably involved in the
development and progression of CC, for which DOCK6
could be a potential target for therapy for CC in the future.
Moreover, the measurement of DOCKS6 in CC tissue could
help predict the prognosis of patients and provide evidence
for personalized immunotherapy.
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