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Abstract: The DOC-2/DAB?2 interactive protein (DAB2IP) is a novel member of the Ras
GTPase-activating protein family, and its downregulation is an unfavorable prognostic factor
in several human malignancies. In this study, we retrospectively analyzed clinicopathological
features, outcomes, and DAB2IP expression in 77 patients with urothelial carcinoma of the
bladder (UCB). Expression of DAB2IP and p-STAT3 was examined in tumors and in matched
adjacent non-cancerous tissues, using immunohistochemistry. We found a marked reduction in
the expression of DAB2IP in UCB specimens, which was significantly associated with advanced
pathological stage (P=0.037), high pathological grade (P=0.016), and muscle invasion (P=0.004).
Moreover, multivariate analysis identified DAB2IP as an independent prognostic factor of cancer-
specific survival (hazard ratio [HR] =0.23, 95% confidence interval [CI] =0.07-0.78, P=0.018).
Most importantly, DAB2IP was negatively correlated with p-STAT3 expression (P=0.009),
which predicted a shorter overall survival in patients with UCB (HR =2.68, 95% CI =1.63-6.99,
P=0.044). In conclusion, downregulation of DAB2IP is associated with features of biologically
aggressive UCB and may be a promising biomarker in patients after radical cystectomy.
Keywords: bladder urothelial carcinoma, DAB2IP, therapy targets, prognosis

Introduction

Bladder carcinoma is one of the most common urologic malignancies worldwide.'
Urothelial carcinoma of the bladder (UCB) accounts for 90% of all bladder carcinomas,
and 70% of UCBs are non-muscle-invasive bladder cancers and the remaining 30%
muscle-invasive bladder cancers.!? Despite advances in surgical techniques and treat-
ments, the prognosis of UCB remains dismal.> There is a high frequency of tumor
recurrence after bladder preservation therapy, with a 5-year survival rate of <50%.3
As such, there is a great need to identify novel prognostic biomarkers and potential
therapeutic targets to improve the clinical management of UCB. The DOC-2/DAB2
interactive protein (DAB2IP), a novel member of the Ras GTPase-activating protein
(Ras-GAP) family, is often downregulated in human malignancies, including prostate,
breast, lung, liver, pancreatic, and gastrointestinal cancers.*® The N-terminal domain of
DAB?2IP binds to DIP1/2, a Ras GTPase-activating protein, forming a unique protein
complex with negative regulatory activity that modulates Ras-mediated signaling.’
DAB2IP has been implicated in cell proliferation, apoptosis, migration, and invasion
by cancer cells, via inactivation of the Ras-ERK and Akt pathways, activation of the
ASKI1-JNK pathway, and inhibition of the epithelial-mesenchymal transition.’!2
Recent discoveries have indicated that low DAB2IP expression contributes to a poor
prognosis in several types of cancers and collectively suggests that DAB2IP may
function as a tumor suppressor protein.**
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The role of DAB2IP has not, however, been determined
in UCB. In this study, we investigated the expression of
DAB2IP in UCB specimens and in adjacent non-cancerous
tissues and assessed its prognostic value in patients treated
by radical cystectomy with bilateral lymph node dissection.
We determined that DAB2IP was negatively associated
with the expression of phosphorylated signal transducer
and activator of transcription 3 (p-STAT3) and explored the
prognostic role of p-STAT3 in UCB.

Patients and methods

We retrospectively examined the records and collected the
tissue blocks of 77 patients with UCB who underwent sur-
gical treatment between January 2012 and December 2015
at Zhejiang Cancer Hospital, China. Tumor-adjacent non-
cancerous tissues (>2 cm) from additional 40 UCB cases
were included as controls. None of the patients had a history
of systemic chemotherapy or radiotherapy before surgery.
Among them, 20 cases whose frozen tissue samples were
available in the tissue bank of our hospital were reorganized
into a cohort for further mRNA and protein extraction and
analyzed. All cases had complete clinicopathological records
and follow-up information, and all surgeries were performed
by experienced surgeons from the Zhejiang Cancer Hospital.
Clinicopathological factors included age, sex, tumor grade,
T stage, tumor size, tumor number, nerve invasion, lympho-
vascular invasion, lymph node metastasis, and pathological
stage. Follow-up visits were performed every 3 months for
the first 2 years after surgery, every 6 months during the third
year, and yearly thereafter.

Tumor grade was determined based on the 2004 World
Health Organization/International Society of Urologic
Pathology classification, and the pathological stage was
assigned according to the 2010 American Joint Committee
on Cancer (AJCC) TNM staging system, seventh edition.
This study was approved by the institutional review board of
Zhejiang Cancer Hospital, and all patients provided written
informed consent before surgery.

Immunohistochemistry (IHC) and scoring
IHC was performed on 3 um-thick sections using standard
protocols and an automated IHC staining system (Dako
Autostainer Plus; Dako Denmark A/S, Glostrup, Denmark)
as described previously.” The primary antibodies used were
those targeting human DAB2IP (clone ab87811, diluted
1:400, rabbit IgG1; Abcam, Cambridge, UK) and p-STAT3
(sc-8059, diluted 1:500, mouse IgG1, Santa Cruz Bio-
technology Inc., Dallas, TX, USA). Antigen retrieval was

achieved using EDTA buffer (pH 9.0) in a pressure cooker
for 4 min for DAB2IP or 20 min for p-STAT3. The stained
tissue sections were reviewed and scored separately by two
pathologists blinded to the clinical parameters. Discordant
cases were discussed using a double-headed microscope to
obtain a consensus classification.

The total immunostaining score for DAB2IP and p-STAT3
was calculated as the sum of the percentage of stained cells
and the staining intensity, according to previously published
reports.”!" The percentage of stained cells was scored as
0 (0%), 1 (1%-25%), 2 (26%—50%), 3 (51%—75%), or 4
(>75%). The staining intensity was scored as 0 (no staining),
1 (weak staining), 2 (moderate staining), or 3 (strong stain-
ing). The staining of DAB2IP and p-STAT3 was determined
as negative (low expression, a final staining score of <3)
or positive (high expression, a final staining score of =3).

Western blotting

Proteins were extracted from tissues using NucleoSpin
TriPrep kits (MACHEREY-NAGEL GmbH & Co. KG,
Duren, Germany). The extracted proteins were separated
by 12% sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred onto polyvinylidene
difluoride membranes (EMD Millipore, Billerica, MA,
USA). Each membrane was blocked with 5% non-fat dry
milk or bovine serum albumin in tris buffered saline-Tween
20 (TBST) for 1 h, followed by incubation with the appro-
priate primary antibody at 4°C overnight. After washing in
TBST, the membranes were incubated with a horseradish
peroxidase-conjugated secondary antibody at room tempera-
ture for 1 h and visualized by enhanced chemiluminescence
(EMD Millipore).

RNA extraction and quantitative real-

time polymerase chain reaction (PCR)

Total RNA was isolated from tissues using the RNeasy Mini
kit (Qiagen NV, Venlo, the Netherlands), and 500 ng of each
sample was reverse transcribed using the PrimeScript™
RT Reagent Kit (Takara Biotechnology Co., Ltd., Dalian,
China). Quantitative PCR was performed to determine
gene expression levels using SYBR® Premix Ex Taq™ II
(Takara Biotechnology Co., Ltd.) on the ABI 7500 real-
time PCR system (Thermo Fisher Scientific, Waltham,
MA, USA). PCR conditions were 50°C for 2 min, fol-
lowed by 40 cycles at 95°C for 5 s and 60°C for 35 s. The
sequences of the PCR primers used were as follows: DAB2IP,
5’-CAGCAGTCCTCTTCCTCCAA-3’ (forward) and 5’-
CTCGTCCTTACTCCTTAGCCTAT-3’ (reverse); STAT3,
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5’-GAAGGACATCAGCGGTAAGAC-3" (forward) and
5’-GATAGAGATAGACCAGTGGAGACA-3’ (reverse).
Target gene expression was normalized to that of GAPDH
and calculated as 2744,

Statistical analyses

Statistical analyses were performed using SPSS software
(version 18.0; SPSS Inc., Chicago, IL, USA). Associations of
DAB2IP expression with clinicopathological variables were
analyzed using Pearson’s chi-square or Fisher’s exact test.
Spearman’s rank correlation coefficient was used to evaluate
the correlation between DAB2IP and p-STAT3 expression.
Associations of DAB2IP expression with overall survival
(OS) were analyzed using the Kaplan—Meier method, log-rank
test, and Cox proportional hazards model. P-values <0.05 in
two-tailed tests were considered statistically significant.

Results
Downregulated DAB2IP expression

in UCB specimens
DAB?2IP expression profiles were determined in all of the
UCB specimens and matched adjacent non-cancerous tissues

R B &
oy ?.‘a‘.i s

(bladder urothelium controls) using IHC, real-time PCR,
and Western blotting. IHC revealed a distinct expression
pattern of DAB2IP in the UCB tissues that was not seen in
the adjacent non-cancerous tissues. Of all UCB specimens,
68.8% (53/77) showed low expression of DAB2IP, compared
with only 10.0% (4/40) of the bladder urothelium controls
(P<<0.05). Figure 1 shows representative images of DAB2IP-
negative and DAB2IP-positive staining in UCB and adjacent
non-cancerous tissues; staining of DAB2IP was noted in the
cytoplasm of bladder urothelial cells. Furthermore, real-time
PCR and Western blotting detected clear downregulation of
DAB2IP mRNA (Figure 2, P<<0.05) and protein expression
in the 20 pairs of frozen UCB tissue samples and the related
control tissues (Figure 3).

Association of DAB2IP expression with

the clinicopathological features of UCB

The associations of DAB2IP with the clinicopathological
characteristics of UCB patients are summarized in Table 1.
Among the 77 patients, 31 (40.3%) were younger than
65 years, and 70 (90.9%) were male. Regarding the tumor
grade, 53/77 (68.8%) tumors were poorly differentiated,

IR

Figure | Expression of DOC-2/DAB?2 interactive protein (DAB2IP) and phosphorylation signal transducer and activator of transcription 3 (pSTAT3) in UCB tissues and

bladder urothelium controls by immunohistochemistry.

Notes: (A) High expression of DAB2IP in normal bladder urothelium. (B) High expression of DAB2IP in low-grade UCB tissue. (C) Low expression of DAB2IP in high-grade
UCB tissue. (D) Low expression of p-STAT3 in normal bladder urothelium. (E) High expression of p-STAT3 in low-grade UCB tissue. (F) High expression of p-STAT3 in

high-grade UCB tissue. Magnification, 200x.
Abbreviation: UCB, urothelial carcinoma of the bladder.

OncoTargets and Therapy 2017:10

submit your manuscript

5721

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zheng et al

Dove

A x
2.0 1 r '

N
a
1

DAB2IP relative
mMRNA expression
& o

0.0~

Cancer

Adjacent

B sk

STAT3 relative
mRNA expression
N

0 -

Cancer

Adjacent

Figure 2 Relative mRNA levels of DAB2IP and STAT3 in UCB and adjacent non-cancerous tissues.

Notes: (A) Real-time PCR showed that expression of DAB2IP was downregulated in cases of UCB compared with adjacent non-cancerous tissues (P<<0.05). Results
(mean * SD) were obtained from three independent experiments. (B) Real-time PCR showed that expression of STAT3 was upregulated in cases of UCB compared with
adjacent non-cancerous tissues (P<<0.001). Results (mean * SD) were obtained from three independent experiments. *P<<0.05; ***P<<0.001.

Abbreviations: PCR, polymerase chain reaction; UCB, urothelial carcinoma of the bladder.

and 24/77 (31.2%) were well differentiated. According to the
T stage in this cohort, 27 cases (35.1%) were non-muscle-
invasive (Ta+T1), and 50 (64.9%) were muscle-invasive
(T2+T34T4). The tumor size was =2 cm in 59 (76.6%)
cases, and 9 (11.7%) cases harbored multiple tumors.
According to the AJCC TNM staging system, seventh edi-
tion, 41 cases (53.2%) were Stages 1-2 and 36 (46.8%)
Stages 3—4. Statistical analyses indicated that the low
expression of DAB2IP was significantly correlated with
high tumor grade, muscle invasion, and advanced stage
(P<0.05). No significant associations were found between
DAB?2IP expression and age, sex, tumor size, tumor number,
nerve invasion, lymphovascular invasion, or nodal metas-
tasis (P>0.05).

N N
X ) L Q' L X
O < 9 < O Q (9 Q
o0 O 2 9 2 (SRR, <
N O N\ O W O N N
© &S
DAB2IP e s ‘
p-STAT3 “ ) Ll
Actin | wl WP WP WP WP W = e

Figure 3 DAB2IP and p-STAT3 expressions in UCB and adjacent non-cancerous
tissues.

Notes: Western blot results showed that expression of DAB2IP was downregulated
in cases of UCB compared with adjacent non-cancerous tissues. Actin was presented
as an internal loading control. Western blot results showed that expression of
p-STAT3 was upregulated in cases of UCB compared with adjacent non-cancerous
tissues. Actin was presented as an internal loading control. Results of 4 pairs in the
total 20 pairs of samples are presented in this figure.

Abbreviation: UCB, urothelial carcinoma of the bladder.

Table | Association of DAB2IP expression with clinicopatho-
logical factors in UBC patients

Category All cases, DAB2IP, n (%) P-value
n (%) Low High

Age 0.241
<65 years 31 (40.3) 19 (61.3) 12 (38.7)
=65 years 46 (59.7) 34 (73.9) 12 (26.1)

Sex 0.312
Male 70 (90.9) 47 (67.1) 23 (32.9)

Female 79.1) 6 (85.7) I (14.3)

Tumor grade 0.016
Low 24 (31.2) 12 (50.0) 12 (50.0)

High 53 (68.8) 41 (77.4) 12 (22.6)

Tumor stage 0.004
Ta+TI 27 (35.1) 13 (48.1) 14 (51.9)
T2+T3+T4 50 (64.9) 40 (80.0) 10 (20.0)

Tumor size 0.821
=2 cm 59 (76.6) 41 (69.5) 18 (30.5)
<2cm 18 (23.4) 12 (66.7) 6 (33.3)

Tumor number 0.093
Single 68 (88.3) 49 (72.1) 19 (27.9)

Multiple 9 (11.7) 4 (44.4) 5 (55.6)

Nerve invasion 0.070
Yes 20 (26.0) 17 (85.0) 3 (15.0)

No 57 (74.0) 36 (63.2) 21 (36.8)

Lymphovascular invasion 0.188
Yes 24 (68.8) 19 (79.2) 5(20.8)

No 53 (31.2) 34 (64.2) 19 (35.8)

Nodal metastasis 0.050
Yes 17 (22.1) 15 (88.2) 2 (11.8)

No 60 (77.9) 38 (63.3) 22 (36.7)

TNM stage 0.037
0+1+2 41 (53.2) 24 (58.5) 17 (41.5)
3+4 36 (46.8) 29 (80.6) 7(19.4)

Total 77 (100) 53 (68.8) 24 (31.2)

Note: Bold values are statistically significant (P<0.05).
Abbreviation: UBC, urothelial carcinoma of the bladder.
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Increased p-STAT 3 expression in UCB

and its association with DAB2IP expression
A previous study of non-muscle-invasive bladder cancer
showed that DAB2IP can regulate tumor recurrence via the
STAT3 signaling pathway.!* Thus, further analyses were
performed to examine the expression of p-STAT3 in UCB.
Figure 1 shows representative images of p-STAT3-negative
and p-STAT3-positive staining in UCB and adjacent non-
cancerous tissues; p-STAT3 expression was located in both
the nucleus and cytoplasm of bladder urothelial cells. High
expression of p-STAT3 was observed in 70.1% (54/77) of
UCB samples but in only 7.5% (3/40) of matched adjacent
non-cancerous tissue samples (P<<0.05). There were also sig-
nificant correlations between p-STAT3 expression and patient
age, tumor differentiation, tumor (T) stage, and tumor number
(P<0.05). Moreover, real-time PCR and Western blotting also
indicated increased p-STAT3 expression in the UCB speci-
mens compared with bladder urothelium controls (Figures
2B and 3). Most importantly, we found that the expression
of DAB2IP was inversely associated with p-STAT3 expres-
sion in UCB (Table 2, P=0.009). Further correlation analyses
showed similar results (r=—0.296, P=0.009).

Prognostic effects of DAB2IP and
p-STAT 3 expression in UCB

As shown in Table 3, a univariate Cox proportional hazards
model demonstrated that patients with high DAB2IP
expression had a lower risk of death than did those with
low expression (hazard ratio [HR] =0.17, 95% confidence
interval [CI] =0.05-0.56, P=0.003). Moreover, UCB patients
who had non-muscle-invasive bladder cancer, absence of
nodal metastasis, or early disease stage were more likely
to show an extended survival (P<<0.05, Figure 4). In
multivariate analyses, when controlling for the effects of
standard clinicopathological parameters, the expression
of DAB2IP was found to be an independent prognostic
factor of OS (HR =0.23, 95% CI =0.07-0.78, P=0.018).
Pathological tumor stage was also an independent predictor
of OS (HR =4.06, 95% CI =1.73-9.52, P=0.001). Kaplan—
Meier analysis and log-rank tests yielded similar results
(Figure 5A). The median OS of patients with high DAB2IP
expression was significantly longer than that of those with
low expression (not reached vs 21.0 months, P=0.001). More-
over, patients with p-STAT3 negativity had a significantly
longer OS than did those with p-STAT3 positivity (median
OS: not reached vs 28.0 months, P=0.033, Figure 5B).
However, multivariate analysis failed to identify p-STAT3
as an independent prognostic factor for UCB (Table 3).

Table 2 Association of p-STAT3 expression with clinicopatho-
logical factors in UBC patients

Category All cases, p-STATS3, n (%) P-value
n (%) Low High

Age 0.016
<65 years 31 (40.3) 14 (45.2) 17 (54.8)
=65 years 46 (59.7) 9 (19.6) 37 (80.4)

Sex 0.345
Male 70 (90.9) 22 (31.4) 48 (68.6)
Female 7(9.1) 1 (14.3) 6 (85.7)

Tumor grade 0.009
Low 24 (31.2) 12 (50.0) 12 (50.0)
High 53 (68.8) I'1(20.8) 42 (79.2)

Tumor stage 0.010
Ta+TI 27 (35.1) 13 (48.1) 14 (51.9)
T2+T3+T4 50 (64.9) 10 (20.0) 40 (80.0)

Tumor size 0.162
=2 cm 59 (76.6) 20 (33.9) 39 (66.1)
<2cm 18 (23.4) 3(l6.7) 15 (83.3)

Tumor number 0.010
Single 68 (88.3) 17 (25.0) 51 (75.0)
Multiple 9(11.7) 6 (66.7) 3(333)

Nerve invasion 0.580
Yes 20 (26.0) 18 (31.6) 39 (68.4)
No 57 (74.0) 5 (25.0) 15 (75.0)

Lymphovascular invasion 0.088
Yes 24 (31.2) 4(16.7) 20 (83.3)
No 53 (68.8) 19 (35.8) 34 (64.2)

Nodal metastasis 0.212
Yes 17 (22.1) 3(17.6) 14 (82.4)
No 60 (77.9) 20 (33.3) 40 (66.7)

TNM stage 0.707
0+1+2 41 (53.2) 13 (31.7) 28 (68.3)
3+4 36 (46.8) 10 (27.8) 26 (72.2)

DAB2IP 0.009
Positive 24 (31.2) 12 (50.0) 12 (50.0)
Negative 53 (68.8) I'1(20.8) 42 (79.2)
Total 77 (100) 23 (29.9) 54 (70.1)

Note: Bold values are statistically significant (P<<0.05).
Abbreviation: UBC, urothelial carcinoma of the bladder.

Discussion
In the present study, we investigated the expression level and
prognostic value of both DAB2IP and p-STAT3 in UCB.
We found that DAB2IP was downregulated in UCB, which
was strongly correlated with unfavorable tumor character-
istics and that it acted as an independent prognostic factor
of cancer-specific survival. We also observed an inverse
association between DAB2IP and p-STAT3 expression in
UCB. Moreover, patients with p-STAT3 positivity had a
shorter OS than that of those negative for p-STAT3, although
p-STATS3 expression failed to independently predict the
outcome of UCB.

In this study, 68.8% of the UCB tissue samples showed
low expression of DAB2IP, compared with only 10% of
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Table 3 Univariate and multivariate Cox regression analyses estimating the associations of DAB2IP expression with patient survival

Category Crude HR 95% CI P-value Adjusted HR 95% CI P-value
T stage 0.005 0.827
Ta+TlI | |
T2+T34T4 4.53 1.58-13.0 0.83 0.18-3.85
Nodal metastasis <0.001 0.074
No | |
Yes 4.00 1.93-8.26 2.00 0.93-4.30
TNM stage <0.001 0.001
0+1+2 | |
3+4 5.15 2.2-11.97 4.06 1.73-9.52
DAB2IP 0.003 0.018
Negative I |
Positive 0.17 0.05-0.56 0.23 0.07-0.78

Note: Bold values are statistically significant (P<<0.05).
Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Figure 4 Kaplan—Meier curves of OS in bladder cancer based upon T stage, nodal metastasis, and TNM stage.
Notes: (A) Patients with non-muscle-invasive bladder cancer (Ta+T ) had significantly longer OS than those with muscle-invasive bladder cancer (median OS: not reached vs
21.0 months, P=0.002). (B) There was statistically significant difference in OS between the patients with negative and positive nodal metastases (median OS: not reached vs

18.0 months, P<<0.001). (C) Patients with early disease stage had significantly longer OS than those with advanced stage (median OS: not reached vs 19.0 months, P<<0.001).
Abbreviations: Cum, cumulative; OS, overall survival.
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Figure 5 Kaplan-Meier curves of OS in bladder cancer based upon DAB2IP and p-STAT3 expression.
Notes: (A) Patients with DAB2IP expression had significantly longer OS than those without DAB2IP expression (median OS: not reached vs 21.0 months, P=0.001).
(B) There was statistically significant difference in OS between the patients with negative and positive p-STAT3 staining (median OS: not reached vs 28.0 months, P=0.033).

Abbreviations: Cum, cumulative; OS, overall survival.

bladder urothelium controls. This was in line with a previous
study of UCB,'" as well as with those of other cancers,
including prostate cancer and hepatocellular carcinoma.”!*
Our analyses using real-time PCR and Western blotting also
showed downregulated expression of DAB2IP in UCB speci-
mens. In addition, and consistent with previous studies,'"!s
we verified the association between decreased expression of
DAB2IP and a high tumor grade, the presence of muscle inva-
sion, and advanced tumor stage, suggesting that low expres-
sion of DAB2IP is a feature of aggressive tumors in UCB.

Tumor stage and grade are the most reliable prognostic
markers known for bladder cancer.!' However, current patho-
logical features are not sufficient for accurate prediction of
recurrence and progression in patients with bladder cancer as
a result of considerable tumor heterogeneity.'* The need for
more molecular biomarkers has been recognized, and these
may help refine the cancer risk stratification,'®!” identifying
high-risk UCB patients and improving clinical management.
Our study indicates that DAB2IP is a promising prognostic
biomarker for UCB, in agreement with previous studies.”®
After controlling for the effects of standard clinicopatho-
logical features, tumor stage and DAB2IP were found to
be independent prognostic factors for OS, suggesting that
measurement of DAB2IP expression is crucial in determining
UCB patient prognosis and treatment options.

Low expression of DAB2IP was correlated with unfavor-
able tumor characteristics and outcomes in UCB. A previous
study in prostate cancer indicated that DAB2IP loss leads to the
activation of STAT3, which leads to inhibition of apoptosis.'

Moreover, in non-muscle-invasive bladder cancer, DAB2IP
regulates tumor recurrence via STAT3/Twist1/P-glycoprotein
signaling.'® Therefore, we speculated that DAB2IP is
involved in regulating transcription via STAT3 in UCB.
Importantly, we found that low expression of DAB2IP was
significantly correlated with increased p-STAT3 expression
in UCB. In prostate cancer, DAB2IP has been shown to bind
directly to the unique proline-rich domain of STAT3, thereby
inactivating it.'® Constitutive activation of STAT3 signaling
plays an important role in bladder cancer cell growth, sur-
vival, invasion, and metastasis.!*?’ Therefore, we speculate
that DAB2IP might be involved in tumor initiation and pro-
gression via STAT3. However, the underlying mechanisms
need further research.

Our study is not devoid of limitations, including those
inherent to its retrospective design and the small cohort of
cases from a single center, which may have introduced patient
selection bias and/or changes in treatment strategies over
time. Therefore, the predictive value of DAB2IP needs to be
validated in prospective multicenter studies before clinical
implementation.

Conclusion

The molecular and clinicopathological findings of this study
highlight DAB2IP as a promising biomarker that predicts
outcomes for UCB patients. Moreover, downregulated
expression of DAB2IP was associated with high expression
of p-STATS3 in UCB, the underlying mechanisms of which
require further research.
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