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Abstract

Purpose: The nodal status is a strong predictor for clinical outcome in patients with penile cancer. We aimed to evaluate the association
between preoperative plasma IGFBP2 levels and nodal status in patients with penile squamous cell carcinoma (PSCC).

Methods: This retrospective study enrolled 56 penile cancer patients who underwent penectomy between 2015 and 2017. Preoperative
plasma IGFBP2 levels were detected by enzyme linked immunosorbent assay, which was analyzed in association with clinicopathological
parameters (age, body mass index, pathological grade, phimosis, histological subtype, tumor stage, and nodal status). Univariable and Mul-
tivariable Cox regression analysis was conducted to identify the prognostic factors that influence disease free survival in PSCC. CCKS assay
and clonogenic assay were used to evaluate the cell viability and tumorigenic potential of PSCC cell line, respectively; wound healing
assay, and transwell invasion assay were conducted to evaluate the effect of IGFBP2 depletion on cell migration and invasion in PSCC cells;
IGFBP2 protein expression was analyzed by Western blotting.

Results: Plasma IGFBP2 levels were markedly higher in preoperative PSCC than those in healthy male subjects (P =0.0007). Penec-
tomy led to a significant reduction of plasma IGFBP2 levels in PSCC patients (P = 0.0098). Preoperative plasma IGFBP2 levels were signif-
icantly associated with nodal status of PSCC (P < 0.0001). At the cutoff value of 486.2 ng/ml, preoperative plasma IGFBP2 produced a
sensitivity of 80.8% and a specificity of 86.7% to discriminate nodal metastasis. Preoperative plasma IGFBP2 levels could serve as indepen-
dent prognostic factor for disease free survival in PSCC (P =0.001). Further, knockdown of IGFBP2 expression suppressed cell growth,
inhibited clonogenesis, and attenuated cell migration and invasion in Penl1 cells; depletion of IGFBP2 expression attenuated the levels of
p-AKT and p-ERK1/2, while increased the expression of p16 and cleaved caspase-3 in Penll cells. Silencing IGFBP2 also led to a consider-
able decline of MMP2/9 levels in culture supernatant of Penl1 cells.

Conclusion: Higher preoperative plasma IGFBP2 was closely associated with nodal metastasis, which might serve as a useful diagnostic
and prognostic biomarker for clinical management of PSCC. IGFBP2 might play an important role in the malignant progression of PSCC.
Therapeutic strategies targeting IGFBP2-related signaling pathways may have a therapeutic benefit in PSCC patients. © 2019 The Author
(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction in the United States (0.5—1.6 per 100,000 men), with a sig-

nificantly higher incidence—up to 20 to 30 times greater—

Penile squamous cell carcinoma (PSCC) accounts for the
majority of penile cancer cases. PSCC is a rare malignancy
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in areas of Africa and South America [1]. In some regions
of Africa, South America, and Asia, PSCC can even
account for up to 10% of cancers among men [1]. Despite
advances in treatment, the prognosis of PSCC remains
poor; a large-scale population-based investigation indicated
that the survival of the patients with PSCC has not

1078-1439/© 2019 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jf2017@csu.edu.cn
https://doi.org/10.1016/j.urolonc.2019.04.013
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.urolonc.2019.04.013&domain=pdf
https://doi.org/10.1016/j.urolonc.2019.04.013

X. Hu et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 452—461 453

improved during the last 20 years [2]. The most important
prognostic factor in PSCC is inguinal lymph node involve-
ment [3]. Early resection definitely offers a survival benefit,
but unfortunately, patients who undergo inguinal lympha-
denectomy are prone to short- and long-term morbidity
[4,5]. Although the therapeutic benefits outweigh these
complications in patients with pathologic nodal involve-
ment, only 20% of those with impalpable lymph nodes har-
bor occult metastasis [6,7]. Therefore, there is an urgent
need to identify novel biomarkers with good sensitivity and
specificity to detect the early nodal disease and improve
clinical management of PSCC.

Serum/plasma biomarkers in cancer diagnosis or prog-
nosis continue to be part of an evolving field and have been
a promising noninvasive tool that may aid in the diagnosis
and monitoring of disease in a number of different cancers.
However, classical serum/plasma cancer biomarkers (such
as Carcinoembryonic antigen, CA125, CA15-3, etc) are of
no clinical value in PSCC [8—10]. Although squamous cell
carcinoma antigen (SCC) levels seemed to correlate with
tumor burden in patients with penile carcinoma, it lacks
sensitivity in the detection of small tumor burdens and has
little prognostic significance for survival after surgery [11].
The detection of lymph node metastases has been associ-
ated with the overexpression of p53 and Ki-67, as well as
loss of E-cadherin, but these markers are not very useful in
clinical practice [12].

Insulin-like growth factor-binding protein 2 (IGFBP2) is
a member of a family of 6 highly conserved IGFBPs that
are carriers for the insulin-like growth factors (IGFs).
IGFBP2 contains RGD and HBD motifs which can directly
bind to integrins and extracellular matrix and induce
diverse biological actions independent of IGFs [13].
Recently, high serum/plasma IGFBP2 has been shown to
be associated with poor clinical outcome in various solid
malignancies, and is being evaluated as a potential cancer
biomarker [14—19]. Herein, we aimed to evaluate the asso-
ciation between preoperative plasma IGFBP2 levels and
nodal status in patients with PSCC.

2. Materials and methods

2.1. Patient and tumor characteristics

The 56 patients included in this retrospective study had
complete patient and tumor characteristics, and underwent
surgery for penile cancer between 2015 and 2017 at Xian-
gya Hospital ( n =38) and The Second Xiangya Hospital
(n =18), Central South University. Patients with known
chemotherapy or brachytherapy before the surgery were
excluded from the study. The clinical management of
penile was conducted according to the NCCN guidelines
for penile cancer [20]. Laparoscopic radical inguinal lym-
phadenectomy was performed after 2 to 4 weeks treatment
of the primary penile cancer. Management of regional
lymph nodes is stage dependent. For patients with clinically

normal inguinal lymph nodes (cNO) pT1G3 and all higher
stages were received radical inguinal lymphadenectomy. In
clinically lymph node positive patients (cN1/cN2), surgical
staging by radical inguinal lymphadenectomy is indicated.
For patients with 2 or more positive lymph nodes, or 1 node
with extracapsular extension (pN3), or fixed inguinal nodes
(cN3), pelvic lymphadenectomy is indicated. Plasma sam-
ples of healthy male subjects ( n =20) were obtained from
Yearth biomed Inc with informed consent. These healthy
male subjects (median age 55, range 50—63) matched for
the age of penile cancer patients must have no cancers or
diseases such as acute infection, diabetes, and ischemia.
TNM staging was assigned based on the American Join
Committee on Cancer, eighth edition [21]. Penile cancer
tissues and matched adjacent noncancerous penile tissues
(n =7) were also collected for Western blotting analysis.
The study protocols were approved by the research ethics
committee in Xiangya hospital (Rev No. 201805847) with
informed consent having been obtained from all patients.
Patient and tumor characteristics obtained from our com-
puterized institutional databases included age, stage,
regional lymph node involvement or distant metastasis, his-
tological subtype, tumor grade, and body mass index (BMI)
as well as phimosis, etc. All patients were prescribed a
follow-up regimen based on the National Comprehensive
Cancer Network guidelines, with physical examination
every 3 to 6 months depending on nodal stage. Cancer and
vital status were determined by both clinical follow-up at
our institution (median follow-up: 26 months).

2.2. Reagents and cell line

Antibodies against IGFBP2 and p-actin were obtained
from Abcam (Cambridge, MA); Antibodies against p-AKT,
AKT, p53, p-ERK1/2, ERK1/2, p16, and Cleaved Caspase-
3 were purchased from Cell Signaling Technology (Bev-
erly, MA); Human PSCC cell line Penll was kindly pro-
vided by Prof. Hui Han (Department of Urology, Cancer
hospital, Sun Yat-sen University) [22]. Penll was cultured
in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum (Hyclone, Logan, UT), 4 mM
glutamine, 100 U/mL penicillin, and 100 p.g/mL streptomy-
cin. Lentiviral plasmids expressing scramble or shIGFBP2
was purchased from Genecopoeia Inc. (Rockville, MD).
The packaging procedure for lentiviral shRNAs was con-
ducted as we described previously [23,24].

2.3. Clonogenic survival assay

Clonogenic survival assay was used to measure the
tumorigenic potential of Penll cells [25]. Briefly, Pennl
cells were plated in 6 cm culture dishes, and cultured for
12 days, and the number of surviving colonies (defined as a
colony with >50 cells) was stained with 0.5% crystal violet
and counted.
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2.4. Cell viability analysis

Cell viability was determined by CCK-8 assay (Dojindo
Laboratories, Kumamoto, Japan) as described previously
[26]. Briefly, Penll cell were seeded at a concentration of
1 x 10* cells/200 pl/well into 96-well plates, and allowed
an overnight period for attachment. After different time
point in culture, and 10 wl CCK-8 solution was added and
cells were incubated for 1 h at 37°C. The optical density
(OD) value (absorbance) was measured at 450 nm by a Infi-
nite F50 microplate reader (Tecan, Switzerland).

2.5. Western blot

Western blot was conducted as described previously [27].
Briefly, cells were lysed and quantified using Bicinchoninic
Acid Protein Assay Kit (Beyotime Biotechnology, Shanghai,
China). Protein lysates (15 pg) was separated by 10% SDS-
PAGE and transferred to Hybond-P PVDF membranes
(Amersham Biosciences). Blots were blocked with 5 % nonfat
dry milk in tris-buffered saline buffer for 2 hours at room tem-
perature and then incubated with diluted antibodies overnight
at 4°C, followed by incubation with horseradish peroxidase-
conjugated secondary antibody (Abcam, Cambridge, MA) for
1 hours at room temperature. The signal was visualized with
an enhanced chemiluminescence detection reagent (Abcam,
Cambridge, MA). B-actin served as a loading control.

2.6. Wound healing assay

Cell migration was evaluated using wound healing assay
as described previously [28]. For cell migration assay,
Penll cells (5 x 10°) were grown in 6-well plates for
48 hours until the cells were fully confluent. After nonad-
herent cells were washed away twice with PBS, a sterile
200 pl pipette tip was used to make a uniform scratch in
the center of the well. After 0 and 24 hours, the distance
between the wound sides was measured.

2.7. Transwell invasion assay

Cell invasion assay were performed based on transwell
chamber with 8 pum pores (Corning) as described previously
[29]. Briefly, Penll cells were suspended in DMEM medium
at 5 x 10° cells/ml. Each transwell of 24-well plate was pre-
coated with 50 wl Matrigel. RPMI 1640 medium (600 )
containing 10% FBS was added to each well (lower compart-
ment), and 0.1 ml (0.5 x 10° cells) of cell suspension was
added onto each transwell insert (upper compartment). The
plates were incubated for 36 hours at 37°C. The invaded cells
on the bottom surface of the membrane were fixed by dehy-
drated alcohol, and stained by 0.2% crystal violet solution
(Sigma-Aldrich). After the wash, cells were photographed
with Olympus BX43 microscope. Then the stained cells were
eluted by 20% glacial acetic acid and measured with a micro-
plate reader (Tecan, Switzerland) at 570 nm.

2.8. Enzyme linked immunosorbent assay

For the analysis of IGFBP2, blood plasma samples had
been collected 1 day before the operation and postoperative
day 28. The blood samples were centrifuged at 3500 rpm for
15 minutes. The supernatant was aliquoted and then stored
at —80°C until use. The enzyme linked immunosorbent assay
(ELISA) method was used to measure the IGFBP2 levels
in plasma according to the manufacturer’s protocol (RayBio-
tech, Norcross, GA). For MMP2 and MMP9 analysis,
cell culture supernatant was centrifuged at 12,000 g for 15
minutes at 4°C. MMP2 ELISA kits (Sigma) and MMP9
ELISA kits (Sigma) were used to measure the levels of
protein secretion of MMP2 and MMP9 by Penl1 cells, respec-
tively, according to the manufacturer’s instructions [30].

2.9. Statistical analysis

SPSS 16.0 was used for statistical analysis. Mann-Whit-
ney tests were applied to compare the levels of preoperative
plasma IGFBP2 of 2 groups. Kruskal-Wallis test followed
by a Dunn’s post-test was performed to compare the levels

Table 1
Clinicopathologic characteristic of patient cohort

Parameters Cases (%)
Age (year)

<54 24 (42.9%)

>54 32 (57.1%)
Body mass index (kg/m2)

>24 27 (48.2%)

<24 29 (51.8%)
Phimosis

Yes 51 (91.1%)

No 5(8.9%)
pT stage

Ta/T1 31 (55.4%)

T2 25 (44.6%)
Grade

Low 2 (3.6%)

Intermediate 14 (25.0%)

High 40 (71.4%)
Histological subtype

Usual 42 (75.0%)

Papillary 1(1.8%)

Warty 7 (12.5%)

Verrucous 6 (10.7%)
Nodal metastasis

Negative (NO) 30 (53.6%)

Positive (N1) 26 (46.4%)
Penile Surgery

Penile preservation 20 (35.7%)

Partial penectomy 35 (62.5%)

Radical penectomy 1(1.8%)
Inguinal lymphadenectomy

No 24 (42.9%)

Yes 32 (57.1%)
Pelvic lymphadenectomy

No 53 (94.6%)

Yes 3 (5.4%)
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of preoperative plasma IGFBP2 in 3 or more groups. Wil-
coxon rank sum test was conducted to compare the pre- and
postoperative plasma IGFBP2 levels. Receiver operating
characteristic curves (sensitivity plotted against 1-specific-
ity) were constructed and the area under the curve (AUC)
was calculated as a comparative measure of diagnostic
accuracy for nodal metastasis. The optimal IGFBP2 cut-off
values for prognosis prediction were calculated using
receiver-operating characteristic curve analysis with refer-
ence to cancer recurrence [31]. Multivariable Cox regres-
sion analysis was conducted to identify the prognostic
factors that influence disease free survival (DFS). A 2-tailed
P < 0.05 was considered significant in all tests.

3. Results

3.1. IGFBP?2 levels were elevated in plasma and cancer
tissues of preoperative PSCC

A total of 56 men who suffered from SCC of the penis
and underwent penile cancer surgery were retrospectively
reviewed with a median age of 57 (34—79) years. Of these,
20 (35.7%) whose treatment plan was penile preservation
underwent local excision with circumcision, 35 (62.5%)
underwent partial penile amputation, and 1 (1.8%) under-
went total penile amputation. The total patient population
had a mean BMI of 23.43 kg/m? (23.43 + 2.18 kg/m?) prior
to surgery. Twenty five of all patients (44.6%) suffered
from locally advanced penile cancer (>pT2); nodal disease

was seen in 26 cases (46.6%) at the time of surgery. Thirty
two cases (57.1%) had conducted lymphadenectomy during
the surgery. Table | gives a detailed summary of patient
and tumor characteristics, including stage and grade.

To assess the diagnostic potential of IGFBP2, plasma
levels were determined in healthy donors and PSCC.
Plasma IGFBP2 was significantly elevated in preoperative
PSCC cases (579.92 £ 357.59 ng/ml, mean + standard
deviation) when compared with plasma from healthy
donors (329.12 4+ 128.42 ng/ml, P =0.0007; Fig. 1A). Fur-
ther, plasma IGFBP2 was significantly reduced in postoper-
ative cases (354.63 £ 59.81 ng/ml) when compared with
matched preoperative PSCC cases (557.14 4 215.88 ng/ml,
P =0.0098; Fig. 1B). Western blotting analysis showed that
IGFBP2 was mostly higher in cancer tissues than in
matched adjacent noncancerous tissues (Fig. 1C).

3.2. Preoperative plasma IGFBP?2 levels were associated
with nodal metastasis and unfavorable disease free survival

To examine the correlation of biomarker with clinico-
pathological parameters of disease, preoperative plasma
IGFBP2 levels were analyzed in association with age, BMI,
pathological grade, phimosis, histological subtype, tumor
stage, and nodal status. Preoperative plasma IGFBP2 levels
were significantly higher in patients with nodal diseases
(Fig. 2A, P < 0.0001). Preoperative IGFBP2 plasma levels
were not significantly different when compared by age
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Figure 1. (A) Plasma IGFBP2 levels in preoperative PSCC cohort ( n =56) and healthy male subjects ( n =20). (B) Plasma IGFBP2 levels in matched preoper-
ative/postoperative PSCC cohort ( n =10). (C) IGFBP2 protein expression in matched cancerous and adjacent non-cancerous tissues ( n =7). S-actin served as

a loading control.
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Figure 2. Correlation of preoperative plasma IGFBP2 levels with clinicopathologic parameters. (A) Nodal status; (B) Age; (C) BMI index; (D) pT stage; (E)
pathological grade; (F) Histological subtype. (G) Receiver-operating characteristics (ROC) curves for IGFBP2 with reference to nodal status. (H) Receiver-
operating characteristics (ROC) curves for IGFBP2 with reference to cancer recurrence.

(P =0.9209), pathological grade (P =0.0722), histological
subtype (P =0.0694), BMI (P =0.3628), and pT tumor stage
(P =0.5044) (Fig. 2B—F). Based on receiver operating char-
acteristic analysis, at the cutoff value of 486.2 ng/ml,
IGFBP2 produced a sensitivity of 80.8% and a specificity of
86.7% to discriminate nodal metastasis (AUC =0.892, P <

0.0001; Fig. 2G). Moreover, at the cutoff value of
625.2 ng/ml, IGFBP2 produced a sensitivity of 71.4% and a
specificity of 81.0% to discriminate cancer recurrence
(AUC =0.756, P=0.004, Fig. 2H). On Kaplan-Meier sur-
vival analysis, both nodal metastasis (P =0.017) and higher
plasma IGFBP2 (P =0.000) were associated with shorter
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Figure 3. Higher preoperative plasma IGFBP2 levels was associated with unfavorable disease free survival (DFS) in PSCC ( n =56). Survival analysis was
performed using the Kaplan-Meier method to determine DFS based on IGFBP2 cut-off value (625.2 ng/ml) (A) or nodal status (B).

DFS (Fig. 3). Univariable Cox regression analysis results
showed that pathological grade, nodal status, and higher pre-
operative plasma IGFBP2 levels were prognostic factors for
DFS in PSCC (Table 2). However, Multivariable Cox regres-
sion analysis indicated that only pathological grade
(P =0.028) and higher preoperative plasma IGFBP2 levels
(P=0.001) could be independent prognostic factor for
shorter DFS (Table 2).

3.3. IGFBP2 promotes cell growth and clonogenesis in
PenlI cells

We sought to further investigate the oncogenic function
of IGFBP2 in PSCC using Penl! as cell model. Penl1 cells
were transduced with nontargeting scramble (Scr) or spe-
cific shRNA targeting IGFBP2 (shIGFBP2). As shown in
Fig. 4A, IGFBP2 expression was significantly reduced in
Penl1 cells transduced with shIGFBP2 lentivirus, whereas
it was not significantly affected by Scr shRNA. We next
evaluated the effect of IGFBP2 expression on the cell
growth of Penll cells by CCK-8 assay, and the results
showed that shIGFBP2 transduced-Penll cells (cell dou-
bling time: 48.3+ 3.5 hours) grew slower than those

Table 2

transduced with Scr shRNA (cell doubling time: 32.3 + 2.5
hours) (P =0.0077; Fig. 4B). Furthermore, colony forma-
tion of Penll cells in shIGFBP2 group (64.2 £+ 10.1 %)
decreased greatly, as compared with Scr group (100.0 £
4.1 %), (P =0.0029; Fig. 4C).

3.4. Depletion of IGFBP2 expression attenuates cell
migration and invasion in Penll cells

The metastatic process involves cell scattering, motility,
ECM degradation, migration, and invasion through the base-
ment membranes [32]. Since overexpression of IGFBP2 is
correlated with lymph node metastasis and unfavorable pro-
gression free survival, we proposed that IGFBP2 might regu-
late the migration/invasion phenotypes in PSCC. To examine
whether IGFBP2 affects PSCC cancer cell migration in vitro,
we performed wound-healing experiments using Penll cells
and measured the distance of cell migration to the wound area.
We observed a significantly slower wound-healing rate in the
cells expressing shIGFBP2 shRNA (28.5 + 3.2 wm/hour)
compared to the control Scr cells (47.0 + 5.9 pm/hour)
(P=0.0227, Fig. 5A). To examine the effects of IGFBP2 on
cell invasion, transwell invasion assay was performed. As

Cox univariate and multivariate proportional hazard model for factors affecting disease-free survival in PSCC cases (n = 56)

Univariate analysis

Multivariate analysis

HR(95%CI) P value HR(95%CTI) P value
pT stage 0.316 0.500
Pathological grade 3.782(1.308-10.935) 0.014 0.293 (0.098-0.874) 0.028
Nodal status 3.708 (1.153-11.924) 0.028 0.221
IGFBP2 7.685 (2.394-24.670) 0.001 0.138(0.042-0.447) 0.001
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Figure 4. Knockdown of IGFBP2 expression suppresses cell growth and clonogenesis in Penll cells. (A) IGFBP2 expression was significantly reduced in
Penll cells transduced with shIGFBP2 lentivirus. B-actin served as a loading control. (B) Knockdown of IGFBP2 expression attenuated cell growth of Penl
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shIGFBP2. All experiments were performed 3 times, and data are presented as mean=£S.D. values. *P < 0.05, Scr vs. shIGFBP2.

shown in Fig. 5B, knockdown of IGFBP2 expression attenu-
ated the invasion of Penll cells (ODs7¢: 0.324 + 0.034), as
compared with Scr control (ODs;y: 0.739 + 0.028)
(P =0.0005).

3.5. IGFBP?2 regulates cancer-related signaling pathways
in Penll cells

Currently, little is known about the molecular mechanisms
of carcinogenesis of PSCC; HPV infection, mutations in p53
and H-Ras, and dysregulated pathways such as EGFR, PI3K/
AKT/mTOR, and p16 have been identified as potential can-
cer-related genes/pathways involved in PSCC [33—35]. As
shown in Fig. 6A, knockdown of IGFBP2 attenuated p-AKT
and p-ERK1/2, while increased tumor suppressor pl6 and
apoptotic molecule cleaved caspase-3. Furthermore, ELISA
assay revealed that depletion of IGFBP2 reduced secretion of
2 invasion/metastasis-related molecules MMP2 (16.3 + 2.5
ng/ml) and MMP9 (25.5 £ 4.6 ng/ml), as compared with Scr
control (MMP2: 60.2 £ 5.1 ng/ml, P =0.0055; MMP9: 48.3
=+ 2.7 ng/ml, P =0.0050) (Fig. 6B).

4. Discussion

IGFBP2 is one of the most commonly and abundantly
expressed IGFBPs in a broad range of human cancers [36].
Serum/plasma IGFBP2 levels positively correlate with
tumor grade, aggressiveness, and metastasis in malignancy
including high grade glioma, pancreatic, breast, and pros-
tate cancer [37—40]. Consistent with IGFBP2 studies in
aforementioned cancers, we showed that plasma IGFBP2
levels were markedly higher in preoperative PSCC than
those in healthy male subjects. We also observed that
plasma IGFBP2 was significantly reduced in postoperative
cases when compared with matched preoperative PSCC
cases, suggesting high plasma IGFBP2 levels might be
caused by the tumor burden in PSCC patients. Preoperative
plasma IGFBP2 levels were significantly associated with
nodal status of PSCC. At the cutoff value of 486.2 ng/ml,
preoperative plasma IGFBP2 produced a sensitivity of
80.8% and a specificity of 86.7% to discriminate nodal
metastasis. Our Cox multivariable analysis showed that
high IGFBP2 levels (>625.2 ng/ml) could serve as a
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assay (ODs7p). Bars: 100 um. All experiments were performed 3 times, and data are presented as mean £ S.D. values. Unpaired ¢ test with Welch’s correc-

tion, n =3, *P < 0.05, Scr vs. shIGFBP2.

potential prognostic marker for PSCC. These results might
reflect the potential value of preoperative plasma IGFBP2
levels as a useful diagnostic and prognostic biomarker for
clinical management of PSCC. However, our conclusions
need to be validated in a larger and independent PSCC
cohort as the cohort in the present study is relatively small.
The path of cancer progression is determined by altera-
tions in the regulatory mechanisms of proliferation and
migration/invasion. The key molecular alterations driving
PSCC development and potential therapeutic targets are
incompletely understood, although significant advances
have been made in characterizing the molecular pathways
driving carcinogenesis in penile cancer. IGFBP2 plays a
key role in the proliferation and survival of cancer cells,
pointing to a crucial role for IGFBP-2 in mitogenic and sur-
vival capacity of these cancer models [36]. Cell line models
could be used to investigate IGFBP2 role in tumorigenesis

of PSCC, since our findings revealed that IGFBP2 was
potentially linked with nodal metastasis and unfavorable
prognosis in PSCC. Consistently, our findings indicated
that IGFBP2 might play an important role in promoting the
tumorigenesis and malignant phenotype of PSCC cells, as
knockdown of IGFBP2 expression suppressed cell growth,
inhibited clonogenesis, and attenuated cell migration and
invasion in Penll cell model. Therefore, a better under-
standing of the cellular and molecular mechanisms acti-
vated or regulated by IGFBP2 could ultimately improve
our understanding of tumor initiation and malignant pro-
gression of PSCC.

In a series of experiments in PSCC tissues and in cell
line model, we showed that decreased expression of
IGFBP2 was associated with a down-regulation of prolifer-
ation, migration and/or invasion of Penl1 cells. Our findings
also revealed that knockdown of IGFBP2 attenuated p-AKT



460 X. Hu et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 452—461

shiIGFBP2
shiIGFBP2

Scr
Scr

p-AKT p-ERK1/2

AKT ERK1/2

p53 Cleaved

p16 B-Actin

Caspase-3

B

80- B Scr
=3 shiGFBP2

60

40-

= *

20- 3

Supernatant MMPs (ng/ml)

0-

MMP2 MMP9

Figure 6. (A) Knockdown of IGFBP2 expression affected p-AKT, p-ERK1/2, p16, and cleaved caspase-3 expression. S-actin served as a loading control. (B)
Knockdown of IGFBP2 expression reduced MMP2/9 secretion in Penll cells. All experiments were performed 3 times, and data are presented as mean =+ S.
D. values. Unpaired t test with Welch’s correction, n =3, *P < 0.05, Scr vs. shIGFBP2.

and p-ERK1/2, increased tumor suppressor p16 and cleaved
caspase-3, and reduced metastasis-related marker MMP2/9
levels. As activation of AKT pathway and pl6 status has
already been demonstrated to be crucial for the tumorigene-
sis of PSCC [41,42], it would be reasonable to propose that
the effects of IGFBP2 might result from its function in reg-
ulating the balance of oncogene/tumor suppressor genes,
enhancing the expression of metastasis-related molecules,
thus promoting the tumor progression of PSCC.

Although our study is the first to show the association
between preoperative plasma IGFBP2 and nodal metastasis
in PSCC, we were conscious of the potential limitations of
this study. First, our study was a retrospective study. Chi-
nese patients with metastatic penile cancer are typically
poor and undereducated and live in rural regions affected
by selection bias, which is inherent to retrospective studies.
Second, the follow-up period was relatively short; there-
fore, longer follow-up periods are needed. Third, the diver-
sity of treatment in the present study, that is, pelvic
lymphadenectomy, may potentially affect other variables
such as patient survival. Although pelvic lymphadenectomy
was recommended by the guidelines as standard treatment
for locally advanced penile cancer, some patients refused
because of socioeconomic reason, which potentially adds
biases. Fourth, the limits of small cohort ( n =56) enrolled
in this study. The limited number of patients and other limi-
tations described above, however, also inhibited our ability
to perform multivariate analyses and to select patients for
inguinal lymph node dissection vs. surveillance. Therefore,
larger PSCC cohort and prospective study would be war-
ranted in order to further elucidate the usefulness of
IGFBP2 as a biomarker for the prediction of prognosis or
nodal status in PSCC. Overall, the relevance of preopera-
tive plasma IGFBP2 examined in the present study and
their potential usefulness in patients should be validated
externally using larger, independent datasets.

5. Conclusion

In conclusion, we have shown that high preoperative
plasma IGFBP2 levels are closely associated with nodal
metastasis and might serve as diagnostic and prognostic
biomarker for clinical management of PSCC. Further,
IGFBP2 might play an important role in promoting the
malignant phenotype of PSCC cells. These results would
highlight the importance of a potential regulator in the
aggressiveness and spread of PSCC, and suggest that
IGFBP2 expression could be a valuable therapeutic target
for patients with penile cancers. We will next expand our
study cohort in order to confirm the usefulness of preop-
erative plasma IGFBP2 as a diagnostic and prognostic
marker in PSCC. If confirmed in additional cohorts,
preoperative plasma IGFBP2 levels may be a useful
prognostic biomarker adjunct to traditional histopatho-
logical staging. Future prospective clinical study
would be required to assess the possibility whether pre-
operative plasma IGFBP2 could serve as a useful marker
to decide the effectiveness and cost-effectiveness of the
lymphadenectomy as a therapeutic approach to improve
survival.
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