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Abstract: Latent transforming growth factor-beta-1 binding protein-2 (LTBP-2) is a member of the fibrillin/LTBP super 
family of extracellular matrix proteins, found to be overexpressed in certain malignant tumors. However, the clini-
cal significance and biological role of LTBP-2 in cervical adenocarcinoma has remains unclear. We found that the 
expression of LTBP2 was higher in cervical adenocarcinoma than in normal cervical epithelial tissue as assessed 
by immunohistochemistry. Expression of LTBP2 is related to clinical stage, cervical tumor size, depth of cervical 
stromal invasion and lymph node metastasis. Knockdown of LTBP2 expression can inhibit the proliferation and 
migration of HeLa cells. Moreover, LTBP2 knockdown affected multiple tumor-related pathway genes including: the 
MAPK signaling pathway, the PI3K-AKT signaling pathway, receptor tyrosine kinase signaling and the P53 pathway. 
Taken together, this work suggests that LTBP2 may promote the development of cervical adenocarcinoma and serve 
as a prognostic factor in the clinical evaluation of patients with cervical adenocarcinoma. Our findings provide a new 
strategy for the diagnosis and treatment of cervical adenocarcinoma. 
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Introduction 

Cervical cancer is the fourth most common 
cause of cancer and the fourth most common 
cause of cancer death in women worldwide [1]. 
In the past three decades, cervical cancer 
screening using the Pap smear or acetic acid 
has resulted in a significant decline in the inci-
dence of cervical cancer. Nonetheless, it is 
estimated that there are 528,000 new cases of 
cervical cancer and 266,000 deaths each year 
representing [1]. 8% of the total mortality attrib-
uted to cancer [2]. Histologic subtypes of inva-
sive cervical carcinoma include squamous  
cell carcinoma and cervical adenocarcinoma. 
Although squamous cell is most often observed 
(80% incidence), the incidence of adenocarci-
noma of the cervix has also been increasing in 

recent decades [3]. Human papillomavirus 
(HPV) infection appears to be involved in the eti-
ology of cervical intraepithelial neoplasia (CIN), 
squamous cell carcinoma and cervical adeno-
carcinoma. However, fewer than 1% of HPV 
infections result in cervical cancer [4, 5]. 
Therefore, it remains unclear what factors 
result in HPV clearance versus neoplastic 
transformation.

In recent years, extracellular matrix proteins 
have been implicated in various facets of  
cancer biology. In cervical cancer specifically, 
examples include the extracellular matrix pro-
teins NOV/CCN3, osteopontin (OPN) and Type 
IIB Procollagen NH2-propeptide (PIIBNP) [5-7]. 
Latent transforming growth factor (TGF)-beta 
binding proteins (LTBP) includes four subtypes 
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(LTBP1-4) that belong to the fibrillin/LTBP super 
family of extracellular matrix proteins. Latent 
transforming growth factor-beta-1 binding pro-
tein-2 (LTBP-2) is the largest member of the 
LTBP family with a multi-domain structure and 
with greatest similarity to the fibrillins. Multiple 
functions for LTBP-2 have been proposed, 
including being a member of the TGF-beta 
latent complex, a structural component of 
microfibrils, and having a role in cell adhesion. 
LTBP2 is mainly expressed in the lung [8], how-
ever residual expression has been observed in 
other tissues including the liver, spleen, skele-
tal muscle, embryonic tissue and heart [9]. 
LTBP2 also associates with microfibrils and has 
a structural role in the developing neointimal 
lesion [10]. It has been reported that the LTBP2 
knockout mice have a preimplantation genetic 
lethal defect, highlighting its critical role for cell 
integrity and survival [11]. LTBP2 expression 
has been observed in various tumor cells, such 
as in lung cancer, liver cancer, esophageal can-
cer and ovarian cancer, and associated with 
poor prognosis [12-14].

There are few studies that delineate the func-
tion and mechanisms of LTBP2 in cancer pro-
gression, particularly in cervical adenocarcino-
ma. In the present study, we analyzed the rela-
tionship between LTBP2 and clinical pathologi-
cal characteristics of cervical adenocarcinoma 
by studying LTBP2 expression in cervical ade-
nocarcinoma and cervical cancer cell lines. We 
also interrogated the functional role of LTBP2 
using cell culture experiments and microarray 
expression analysis. This work aims to provide 
a new strategy for the clinical diagnosis and 
treatment of cervical adenocarcinoma.

Materials and methods

Patients  

A total of 59 cervical adenocarcinoma tissue 
samples were obtained from the Department of 
Gynecology, Changzhou Maternal and Child 
Care Hospital and Department of Gynecology 
and Fengxian Hospital, Southern Medical 
University. The cases of cervical adenocarcino-
ma were selected in this study only if follow up 
was obtained and clinical data were available. 
All patients underwent a modified radical hys-
terectomy or complete hysterectomy, bilateral 
salpingo-oophorectomy and pelvic lymphade-
nectomy with or without para-aortic lymph 
node sampling. None of the patients had re- 

ceived radiotherapy, chemotherapy, hormone 
therapy or other related anti-tumor therapies 
prior to surgical resection. Thirty (30) cases of 
normal cervical epithelium were selected as a 
control group. All tissue samples were obtained 
with informed consent and all procedures were 
performed in accordance with the Human 
Investigation Ethical Committee of the two 
hospitals.

Immunohistochemistry (IHC)

Tissue samples were fixed in phosphate-buff-
ered neutral formalin and routinely embedded 
in paraffin, and then cut into 5-μm-thick sec-
tions. The sections were incubated with 0.3% 
hydrogen peroxide/phosphate-buffered saline 
for 30 minutes and blocked with 10% BSA 
(Sangon, Shanghai, China), then were detected 
with primary polyclonal antibody for LTBP2 
(Proteintech Group, Chicago, USA), overnight at 
4°C in a moist chamber. After incubation with 
the secondary antibody (Thermo Scientific, US) 
labeled with HRP (rabbit) for 1 hour at room 
temperature, the sections were treated with 
diaminobenzidine and counterstained with 
hematoxylin. All the sections were observed 
and photographed with a microscope (Carl 
Zeiss). Scoring was conducted according to the 
ratio and intensity of positive-staining cells as 
follows: strongly staining (score 1) designated 
as high expression and weakly staining (score 
0) designated as low expression. All the LTBP2 
expression levels were quantified double-blind-
ly by two independent pathologists.

Cell line and cell culture 

Human EC cell lines HeLa, Hela229, Siha, 
Caski, and Ms751 were purchased from Cell 
Bank of the Chinese Academy of Sciences.
AN3CA, Hela, Hela229, Siha, and Ms751 Cells 
were cultured in Eagle’s Minimum Essential 
Medium (EMEM); Caski cells were cultured in 
RPMI-1640; and all of these cells were supple-
mented with 10% (v/v) fetal bovine serum 
(FBS), 100 U/ml penicillin and 100 µg/ml strep-
tomycin, and incubated at 37°C in a humidified 
incubator under 5% CO2 condition.

siRNA transfection

SiRNA duplexes targeted against LTBP2 and 
scrambled control siRNA duplex were obtained 
from GenePharma (Shanghai, China). Small 
interfering RNAs duplexes for LTBP2 were as 
follows: 
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siRNA1 sense, 5’-GCACCAACCACUGUAUCAATT- 
3’, anti-sense, 5’-UUGAUACAGUGGUUGGUGCTT 
-3’; siRNA2 sense, 5’-GGAGUGUCAAGAUAUCA- 
AUTT-3’, anti-sense, 5’-AUUGAUAUCUUGACACU- 
CCTT-3’; siRNA3 sense, 5’-CGGAUCACCAAGCA- 
GAUAUTT-3’, anti-sense, 5’-AUAUCUGCUUGGU- 
GAUCCGTT-3’.

The scramble control siRNA duplex were as 
sense, 5’-UUCUCCGAACGUGUCACGUTT-3’, anti- 
sense, 5’-ACGUGACACGUUCGGAGAATT-3’. 

Transfection was performed by using the Li- 
pofectamine RNAiMAX Reagent (Invitrogen, 
Carlsbad, CA) according to the manufacturer’s 
instruction.

Cell proliferation and invasion assay by 
x’Celligence Biosensor System

Experiments were carried out using the RTCA 
DPinstrument (Roche Diagnostics GmbH, 
Germany), which was placed in humidified incu-
bator maintained at a 5% CO2 humidified incu-
bator at 37°C. Growth curves were constructed 
using 16-well plates (E-plate 16, Roche 
Diagnostics GmbH). For the proliferation assay, 
cells were seeded in E-plates 16 at 5,000 cells/
well in fetal calf serum (FCS)-containing medi-
um, and the plate was then monitored once 
every 15 min. Cell invasion was assessed using 
specifically designed 16-well plates (CIM-plate 
16, Roche DiagnosticsGmbH) with 8 m pores. 
These plates are similar to conventional tran-
swells with the microelectrodes located on the 
underside of the membrane of the upper cham-
ber. Over the membrane a thin layer of  
20 μl 1:8 diluted extracellular matrigel (BD 
Bioscience, Franklin Lakes, NJ) is dried. The 
10% FCS medium was added in the lower 
chamber, and cells were seeded into the upper 
chamber at 30,000 cells/well in serum-free 
medium. The CIM-plate 16 was monitored 
every 15 min. Data analysis was carried out 
using RTCA software 1.2 supplied with the 
instrument.

Transwell assay 

For the Transwell Invasion assay, we placed 
100,00 HeLa cells in 100 μl matrigel on the top 
chamber of each transwell (Millicell) of each 
insert (BD Bioscience, Franklin Lakes, NJ). After 
48 hours, any cells remaining in the top cham-
bers or on the upper membrane of the inserts 
were carefully removed. After fixation and stain-

ing in a dye solution containing 0.1% crystal vio-
let and 20% methanol, cells adhering to the 
lower membrane of the inserts were counted 
and imaged through an I×71 inverted micro-
scope (Olympus Corp. Tokyo, Japan). 

Real-time quantitative RT-PCR (qRT-PCR)

Total RNA was extracted from cells and tissues 
using Trizol reagent (Takara, Dalian, China) and 
reverse transcribed using the Prime Script RT 
reagent kit (Takara, Dalian, China) according to 
the manufacturer’s instruction. The quantita-
tive real-time polymerase chain reaction (qRT-
PCR) was subsequently performed with SYBR 
Premix Ex Taq (Takara, Dalian, China) using an 
ABI7300 instrument (Applied Biosystems). And 
the primers for LTBP2 were as follows, forward: 
5’-AGCACCAACCACTGTATCAAAC-3’; reverse: 5’- 
CTCATCGGGAATGACCTCCTC-3’. The relative ex- 
pression of LTBP2 was analyzed by the com-
parative cycle threshold method (ΔΔCt method) 
which was normalized to 18 s RNA (forward: 
5’-TGCGAGTACTCAACACCAACA-3’, reverse: 5’- 
GCATATCTTCGGCCCACA-3’).

Analysis of cDNA microarray

HeLa cell lines were transfected with small 
interfering RNA (siRNA) to knockdown LTBP2 
expression. The following samples were also 
analyzed by cDNA microarray: LTBP2-siRNA2-
HeLa and Control-siRNA-HeLa. (Shanghai 
Biotechnology Co. Ltd). The cDNA microarray 
data was analyzed using the KEGG database.

Statistical analysis

Data were presented as the means ± standard 
error of the mean (SEM). Statistical analyses 
were done using SPSS 16.0 for windows (IBM). 
The chi-square was used to analyze the correla-
tions between LTBP2 expression and clinico-
pathologic features in patients with Cervical 
cancer. The student’s t-test was used for com-
parison between groups in cellular functions of 
LTBP2. Values of P<0.05 were considered sta-
tistically significant.

Results

LTBP2 expression in cervical adenocarcinoma 
by immunohistochemistry

Basic patient characteristics are shown in 
Table 1. The immunohistochemistry of tissue 
microarrays demonstrated that expression of 
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LTBP2 was significantly higher in cervical ade-
nocarcinoma than normal cervical epithelial 
tissue (P=0.002) (Figure 1). Further analysis 
identified a significant relationship between 
LTBP2 expression and clinical stage, cervical 
tumor size, depth of cervical stromal invasion 
and lymph node metastasis, which is associat-
ed with poor prognosis (Table 2). These results 
suggest that LTBP2 may be a prognostic mark-
er of cervical adenocarcinoma. 

We an increasing prevalence of high-LTBP2 
expressors associated with advanced stages of 
disease (stage I=39.47% (n=15), stage 
II=64.29% (n=9) and stage III=85.71% (n=6); 
P=0.043). Moreover, our data showed that 
73.91% cases (n=17) had high expression of 
LTBP2 in the >4 cm group while 36.11% (n=13) 
had high expression of LTBP2 in the ≤4 cm 
group (P=0.005). With respect to interstitial 
invasion, high LTBP2 expression was seen in 
only 31.82% in the invasion ≤1/2 group (n=7), 
while high LTBP2 expression was significantly 
increased in the interstitial invasion >1/2 group 

2B, mRNA level of LTBP2 was successfully 
decreased after siRNA transfection. We pro-
ceeded with siRNA1 and siRNA2 for additional 
experiments as these siRNAs exhibited the 
best interference efficacy.

Knockdown of LTBP2 inhibits cancer cells pro-
liferation in vitro

We observed a suppressive effect on cell 
growth in HeLa cells treated with LTBP2-specific 
siRNAs1 and 2 (Figure 3A, 3B). Cell num- 
bers were measured using the x’Celligence 
Biosensor System. We infer from these results 
that cervical adenocacinoma cells with low 
LTBP2 expression have a growth disadvan- 
tage.

Knockdown of LTBP2 inhibited cervical cancer 
cell migration in vitro

Next, we conducted in vitro migration assays to 
evaluate the impact of LTBP2-depleiont on 
HeLa cells migration. We observed a significant 

Table 1. Characteristics of cervical adenocarcinoma 
patients and control group 

Cervical adenocarcinoma 
(n=59)

Control 
group (n=30)

Age (years )
    Mean (Std) 47.1 (9.7) 44.2 (7.8)
    Min, Max (24, 73) (28, 61)
Clinical stage
    I 38 N/A
    II 14 N/A
    III 7 N/A
Histology
    Grade 1 11 N/A
    Grade 2 26 N/A
    Grade 3 22 N/A
Lymphatic metastasis
    Absent 42 N/A
    Present 17 N/A
Interstitial invasion
    ≤1/2 22 N/A
    >1/2 37 N/A
Tumor size
    ≤4 cm 36 N/A
    >4 cm 23 N/A
Vascular invasion
    Absent 31 N/A
    Present 28 N/A

(n=23, 62.16%) (P=0.024). We also 
found an increased rate of high LTBP2 
expression in the lymphatic metastasis 
positive group as compared with the 
non-metastatic group (n=13, 76.47% 
vs. n=17, 40.48%) (P=0.020). These 
results suggest that LTBP2 expression 
is associated the clinical progression of 
cervical cancer, and that LTBP2 may be 
related to cervical adenocarcinoma 
invasion and metastasis. 

There was, however, no statistically sig-
nificant relationship between LTBP2 
expression and tumor (Grade I=36.36%, 
Grade II=46.15% and Grade III=63.64%; 
P=0.302), nor vascular invasion (P= 
0.050). Specifically, 38.71% of the vas-
cular invasion positive group demon-
strated high LTBP2 expression, while 
high-LTBP2 was observed in 64.29% of 
vascular invasion negative group.

mRNA expression of LTBP2and siRNA 
transfection

LTBP2 expression was detected in five 
cervical cancer cell lines: Hela, Hela229, 
Siha, Caski and, and Ms751by qRT-PCR 
(Figure 2A). Using small interfering RNA 
(siRNA), LTBP2 expression was knocked 
down in Hela cells. As shown in Figure 
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Figure 1. LTBP2 is frequently up-regulated in cervical adenocarcinoma tissues. Representative photomicrographs 
of the LTBP2 immunoreactivity in normal cervix (A), down-expression of cervical adenocarcinoma (B), up-expression 
of cervical adenocarcinoma (C) and the distribution of down-expression and up-expression of normal cervix and 
cervical cancer (D) (Scale bar: 50 um).

Table 2. Correlations between LTBP2 expression and clinicopatho-
logic features in patients with cervical cancer

Expression of LTBP2
Clinicopathological 
feature

Total 
59

Low (n=29, 
49.2%)

High (n=30, 
51.8%)

P value (÷2 test/
fisher’s exact test)

Age (years)
    45 30 18 (60.0) 12 (40.0) 0.090
    >45 29 11 (37.93) 18 (62.07)
Clinical stage
    I 38 23 (60.53) 15 (39.47) 0.041 (0.043)
    II 14 5 (35.71) 9 (64.29)
    III 7 1 (14.29) 6 (85.71)
Histology
    Grade 1 11 7 (63.64) 4 (36.36) 0.274 (0.302)
    Grade 2 26 14 (53.85) 12 (46.15)
    Grade 3 22 8 (36.36) 14 (63.64)
Lymphatic metastasis
    Absent 42 25 (59.52) 17 (40.48) 0.012 (0.020)
    Present 17 4 (23.53) 13 (76.47)
Interstitial invasion
    ≤1/2 22 15 (68.18) 7 (31.82) 0.024
    >1/2 37 14 (37.84) 23 (62.16)
Tumor size
    ≤4 cm 36 23 (63.89) 13 (36.11) 0.005
    >4 cm 23 6 (26.09) 17 (73.91)
Vascular invasion
    Absent 31 19 (61.29) 12 (38.71) 0.050
    Present 28 10 (35.71) 18 (64.29)
Values in parentheses indicate percentage values. The bold number represents the 
P-values with significant differences. 

decrease in HeLa cell migra-
tion following LTBP2-siRNA 
silencing using in a transwell 
assay (Figure 4A, 4B). These 
results suggest that LTBP2 
expression is associated wi- 
th the migration potential of  
cervical adenocacinoma cell 
lines in vitro.

Gene ontology analysis of 
cDNA microarray

To further elucidate the role 
off LTBP2 in cervical cancer 
cells, we performed a tran-
scriptional analysis of control 
versus LTBP2-silenced HeLA 
cells. Following knockdown, 
the most down-regulated ge- 
ne sets include: apoptotic cell 
clearance (75%), positive reg-
ulation of Rho GTPase activity 
(60%), Camp catabolic pro-
cess (60%) and activation of 
RacGTPase activity (50%) 
(Figure 5A). All of these path-
ways affect cell survival and 
migration. The heat map 
images showing reduction of 
tumor-related genes after 
knockdown of LTBP2 in HeLa 
are shown in Figure 5B. These 
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(Figure 5B). Upon interroga-
tion of the KEGG database, 
we found that the following 
networks were altered after 
LTBP2 was silenced: MAPK 
family (MAPK1, MAPK3, MA- 
PK14), PI3K-AKTsignalling pa- 
thway, Tyrosine receptor kin- 
ase and cancer tumor sup-
pressor gene P53 (Figure 5C; 
Table 3).

Discussion

The identification of tumor-
specific markers may have 
important implications for the 
diagnosis and prognosis of 
human malignancies. Althou- 
gh a few biomarkers of cervi-
cal cancer exist (e.g. SCCS, 
CA125, p16ink4a, and MCM-
5), most of these are not suit-
able for prognostication or 
screening [15-17]. As such, 
there remains an urgent need 
to identify additional markers 
of cervical adenocarcinoma.

LTPB2 is a recently discov-
ered cell exocrine protein 
whose expression is associat-
ed with poor prognosis in 
many tumors. For example, 
Turtoi et al., identified LTBP2 
using 2D-nano-HPLC_MS/MS 
in pancreatic ductal adeno-
carcinoma tissue and found 
that it was significantly ex- 
pressed in a large group of 
clinical pancreas ductal ade-
nocarcinoma samples by 
Western blot [18]. Torres et 
al., found that, in mouse and 
human samples, expression 
of LTBP2 was significantly 
increased in the tumor stro-
ma, without significant expre- 
ssion in the cancer epithelial 
cells [19]. Yoshiharar et al. 
described LTBP2 as a novel 
prognostic factors associated 
with progression-free survival 
using gene ontology analy- 

Figure 2. The expression level of LTBP2 in different cervical cancer cells lines 
and validation of siRNA interference efficiency. A. The mRNA level of LTBP2 
in Hela is higher than other cervical cancer cells. B. The siRNA1, siRNA2 and 
siRNA3 could notably restrain LTBP2 by real-time PCR (sh-NC versus sh-1 or 
sh-2 or sh-3, *P<0.05, **P<0.01).

Figure 3. Silencing of LTBP2 inhibits proliferation in cervical adenocarcino-
ma cells. A. Cell numbers are detected by x’Celligence Biosensor System. 
B. Effect of LTBP2 knockdown on cell survival of Hela cells is analyzed by 
x’Celligence Biosensor System (sh-NC versus sh-1 and sh-NC versus sh-2, 
*P<0.05, **P<0.01, ***P<0.0001).

heat maps illustrated the changes in the afore-
mentioned pathways upon LTBP2 knockdown 

sis and Ingenuity Pathway Analysis. However, 
the finding was not confirmed by real-time 
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RT-PCR experiments [14]. Chan et al. found that 
LTPB2 was highly expressed in poorly differenti-
ated squamous cell carcinoma and that those 
with low expression of LTBP-2 had longer sur-
vival times [13]. To date, LTBP2 has not been 
studied in the context of cervical cancer.

Our data demonstrated that, compared with 
normal cervical epithelial tissue, LTBP2 is sig-
nificantly overexpressed in cervical adenocarci-
noma. HeLa cells have the highest expression 
of LTBP2 as compared to other cell lines tested 
in this investigation Our results suggest that ini-
tial results suggested that LTBP2 may partici-
pate in the pathogenesis of cervical adeno- 
carcinoma.  

In cervical cancer, clinical stage, tumor size, 
cervical invasive interstitial depth, lymph node 
metastasis, histological level and lymphatic 
vascular invasion are adverse prognostic mark-
ers. FIGO staging of cervical cancer is the most 
used clinical staging system, but does not take 
into account uterine transfer and lymph node 
metastasis for clinical outcomes [20]. It is 
reported that tumour volume and stromal inva-
sion depth maintained their significance as 
indicators of an adverse prognosis regarding 
the disease-free survival interval. When the 

greatest tumour dimension exceeded 2 cm, 
prognosis worsened and continued to do so 
more markedly when a dimension of 4 cm was 
exceeded. Patients who presented a stromal 
invasion depth in excess of 7 mm also saw their 
prognosis adversely affected [21, 22]. A large 
number of research studies have confirmed the 
relationship between lymph node metastasis 
and prognosis of cervical cancer. Girardi et al., 
reported that lymph node metastasis is an 
independent prognostic feature of cervical can-
cer. The 5-year survival rate of patients with 
negative nodes was 89.3%. Survival dropped to 
69.8% and 37% in patients with 1 or >/4 posi-
tive nodes, respectively [23]. In our study, the 
rate of LTBP2 high expression in clinical stage II 
and III, tumour size >4 cm, interstitial invasion 
>1/2 and lymphatic metastasis was higher 
than clinical stage I, tumour size <4 cm, inter-
stitial invasion ≤1/2 and no lymphatic metasta-
sis, respectively (P<0.05). Together, this sug-
gests that high LTBP2 expression may be a 
poor prognostic marker in cervical adeno- 
carcinoma. 

The function of LTBP2 in tumors has not yet 
been clearly characterized. The protein appears 
to function differently across various tumor 
types. It is reported that all of melanoma cell 

Figure 4. Silencing of LTBP2 inhibits cervical cancer cells migration. A. Cell numbers are detected by x’Celligence 
Biosensor System. B. Hela cells that migrate through the transwell chambers and are photographed at ×100 mag-
nification. The in vitro migration ability of Hela is measured by determining the number of uncoated cells that 
penetrated through the transwell chambers (Columns, mean values; bar, SD. *P<0.05, **P<0.01, ***P<0.001).
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lines adhered to LTBP2 very efficiently and in a 
concentration-dependent manner. For exam-
ple, Bowes melanoma cells bound most effi-
ciently to LTBP2. The adhesive site is located in 
an N-terminal region of LTBP2. The attachment 

of melanoma cells to LTBP2 was prevented 
with monoclonal antibody against beta 1 integ-
rin in a concentration-dependent manner. 
LTBP-2 also supported Bowes cell migration in 
modified Boyden chamber assays in a manner 

Figure 5. Transcriptional changes induced by LTBP2inactivation. A. Gene ontology analysis of cDNA microarray 
shows gene set enrichment in cellular functions after LTBP2 knockdown. B. Heat maps of the genes enriched in 
indicated pathways illustrate the changes in gene expression upon LTBP2 knockdown. Red signal denotes higher 
expression and green signal denotes lower expression. C. Alternations of gene network after LTBP2 was silenced. 
Red rectangle represents up-regulated and blue rectangle represents down-regulated.
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similar to the migration on fibronectin. Current 
data therefore indicate that LTBP-2 can play a 
role in melanoma cell adhesion [12]. Consistent 
with this, LTBP2 has been found to be highly 
expressed in the distant metastasis of esopha-
geal squamous cell carcinoma [13]. 

In this study, the proliferation and invasive abil-
ity of HeLa cells following LTBP2 knockdown 
was significantly affected, which is consistent 
with a role for LTBP2 in stromal invasion and 
lymph node metastasis. This further supports 
the notion that LTBP2 may promote the growth 
and progression of the cervical adenocarcino-
ma cells. Therefore, LTBP2 may be a potential 
prognostic marker and a therapeutic targets as 
well for cervical adenocarcinoma. 

We analyzed gene expression in HeLa cells 
after knockdown of LTBP2 using a cDNA micro-
array. The microarray analysis following LTBP2 
silencing revealed reduced expression of genes 
sets implicated in: apoptotic cell clearance 
(75%), positive regulation of Rho GTPase activ-
ity (60%), cAMP catabolic process (60%) and 
activation of RacGTPase activity (50%). We spe-

adenocarcinoma, and potentially helps with the 
diagnosis and treatment of cervical adenocar- 
cinoma. 
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RRM2 6241 0.018393 3 2 1
BCAR1 9564 0.017686 7 6 1
IL6 3569 0.017563 7 5 2
PKLR 5313 0.016393 8 5 3
FGFR1 2260 0.014549 9 4 5

cifically found changes in some 
important signaling pathways 
after knockdown of LTBP2 in 
HeLa cells, including the 
MAPK1 family pathway (MAPK1, 
MAPK3, MAPK14), PI3K-AKT 
pathway, and receptor tyrosine 
kinase pathway (VEGF, EGFR, 
FGFR1) and TP53 (Figure 5C). 
We speculate that LTBP2 influ-
ences the invasive and meta-
static potential of cervical ade-
nocarcinoma by modulating 
classical oncogenic signaling 
pathways. However, more stud-
ies are needed to explore the 
underlying mechanism of cervi-
cal cancer invasion and metas-
tasis mediated by LTBP2.

In conclusion, LTBP2 is a poten-
tial prognostic marker for cervi-
cal adenocarcinoma and may 
promote local invasion and 
lymph node metastasis of cervi-
cal cancer oncogenic signaling 
pathways. LTBP2 may provide a 
therapeutic value for cervical 
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