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Abstract
The encoding product of Chordin-like 2 (CHRDL2) is a member of the chordin family of proteins, which
has been shown to be aberrantly expressed in several types of solid tumors. The regulatory underlying
mechanisms of CHRDL2, however, remain poorly understood in gastric cancer (GC). In the present study,
we determined that CHRDL2 was abnormally upregulated in human gastric cancer tissues compared with
adjacent normal tissues. We also showed that CHRDL2 was positively associated with T stage, the
pathological stage, distant metastasis, and poor patient prognosis. Moreover, we veri�ed that
overexpressing CHRDL2 promoted the proliferation and cell cycle transition of GC cells both in vitro and
in vivo, whereas the opposite results were observed in CHRDL2-depleted cells. In addition, the expression
levels of Yes-associated protein (YAP) and transcriptional coactivator with PDZ-binding motif (TAZ) were
increased, and the levels of MST2 were decreased in CHRDL2 overexpressing cells. Consistent with
previous �ndings, we observed the converse results in CHRDL2-silenced GC cells. Additionally,
knockdown of YAP and overexpression of STK3 (MST2) could reverse the effects of CHRDL2
overexpression-induced proliferation of GC cells in vitro. Taken together, CHRDL2 plays a key role by
activating the Hippo/YAP pathway in gastric cancer. Therefore, CHRDL2 could serve as a potential
therapeutic tool for the treatment of gastric cancer.

1. Introduction
Gastric cancer (GC) is one of the most prevalent digestive malignant tumors, and it is correlated with
lower relapse-free survival rates and higher mortality rates compared with other cancers1,2. In recent
decades, prominent improvements have been realized for many therapeutic strategies, although the
overall survival rates have not always been improved, especially in advanced cases3. Therefore, it is
important to characterize the pathogenesis of cancer to identify effective targets for GC therapy.

Chordin-like 2 (CHRDL2) is a bone morphogenetic protein(BMP)antagonist, and its main function is to
prevent BMPs from interacting with their homologous cell surface receptors4,5. Previous studies have
shown that the levels of CHRDL2 mRNA were signi�cantly high in breast cancer6, which was correlated
with poor prognosis. It also has been reported that high levels of CHRDL2 correlate with poor prognosis in
colorectal cancer patients7. As shown in previous studies8, CHRDL2 functions as an oncogene in
osteosarcoma, promoting proliferation and metastasis by activating the BMP–9/PI3K/AKT pathway.
Otherwise, the underlying role of CHRDL2 in the progression of gastric cancer remains unclear.

The Hippo pathway was �rst discovered in Drosophila, where it is considered to be a growth regulatory
pathway9 and also has been shown to be related to organ-size control in animals10. Yes-associated
protein (YAP) activation results in proliferation and loss of programmed cell death at the organ level11,
whereas the Hippo kinase cascade consists of MST1/2, LATS1/2, and their adaptor proteins in
vertebrates12. YAP not only serves as a transcriptional coactivator to affect cell growth and apoptosis in
several human malignant tumors, but it also acts as a vital effector of the Hippo signaling pathway. In
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addition, high levels of YAP are related to the progression of atherosclerosis13, pancreatitis14, and liver
cancer15. Genetic deletion of MST1/2 leads to increased nuclear enrichment of YAP and transcriptional
coactivator with PDZ-binding motif (TAZ) and their increased activity as transcriptional coactivators16 in
hepatocellular carcinoma. Conversely, overexpression of MST1/2 results in increased levels of
cytoplasmic localization and the degradation of YAP and TAZ17.

In this work, we found that CHRDL2 mRNA was clearly upregulated in tumor tissues with gastric cancer
using data from the TCGA database, and its high levels were related to poor prognosis in GC patients.
Next, we demonstrated that CHRDL2 silencing and overexpression in�uenced GC cell proliferation and the
cell cycle in vitro, and affected tumor growth in vivo. RNA sequencing analysis revealed that CHRDL2
overexpression was positively correlated to the YAP/TAZ signaling pathway and CHRDL2 played a key
role in the MST2/YAP/TAZ signaling pathway in GC cells. We also demonstrated that the mechanism of
CHRDL2 was to promote GC cell functional changes and identi�ed it as a potential diagnostic factor and
therapeutic target for GC.

2. Results
2.1 CHRDL2 is signi�cantly upregulated in GC cells and tissues and positively correlated with later cancer
stage and poor prognosis

As Fig. 1a shows, compared with adjacent nontumor tissues, CHRDL2 overexpression was positively
correlated in tumor tissues by tissue microarrays (TMAs). We estimated the correlation between the level
of CHRDL2 expression in tumor tissues and the clinicopathological parameters of patients with GC. We
found that CHRDL2 expression was positively correlated with tumor size (P = 0.001), T stage (P < 0.001),
TNM stage (P < 0.001), and distant metastasis (P < 0.001) in tumor tissues, regardless of sex, age,
differentiation degree, or Lymph node metastasis (Table 1). Similar to immunohistochemical (IHC)
analysis using TMAs, the score of CHRDL2 expression in tumor tissues was signi�cantly higher than in
adjacent nontumor tissues (Fig. 1b). Compared with patients who were identi�ed to have low CHRDL2
expression, those with high CHRDL2 levels had shorter overall survival times by Kaplan-Meier analysis
(Fig. 1c). In addition, the results were validated using data via searching Gastric adenocarcinoma in The
Cancer Genome Atlas (TCGA) database, indicating that CHRDL2 mRNA expression in tumor tissues was
remarkably upregulated (Fig. 1d) and was closely correlated with a later TNM stage (Fig. 1e) and a worse
prognosis in those who with high CHRDL2 expression (Fig. 1f). Furthermore, we veri�ed that CHRDL2
expression was upregulated by using 12 pairs of specimens from GC patients from our center (Fig. 1g).
Moreover, the expression of CHRDL2 in 6 GC cell lines was signi�cantly higher than in normal gastric
epithelial GES-1 cell by Western blotting and Reverse transcription–polymerase chain reaction (RT-PCR)
(Fig. 1h).

2.2 CHRDL2 overexpression promotes GC cell proliferation
in vitro and in vivo
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To elucidate the effect of CHRDL2 on cell behavior, CHRDL2 overexpression GC cells were constructed by
transfection with a CHRDL2 expression plasmid (MGC-803/CHRDL2-OE and AGS/CHRDL2-OE), (Fig. 2a).
As Cell Counting Kit-8 (CCK8), EdU and colony formation assays showed, CHRLD2 overexpression
signi�cantly improved the cell proliferation and colony formation capacities of MGC-803 and AGS cells
(Fig. 2b–2d). Moreover, �ow cytometry assays demonstrated that CHRDL2 play a key role in promoting
the cell cycle transition from G0/G1 phase to S phase (Fig. 2e). Using an in vivo subcutaneous xenograft
model, we further demonstrated that CHRRDL2 overexpression de�nitely promoted the tumor-forming
capacity of MGC-803 cells (Fig. 2f). We also found that the Ki-67 index in subcutaneous tumors formed
by MGC-803/CHRDL2-OE cells was higher through immunohistochemical (IHC) staining compared with
those generated by MGC-803/NC cells (Fig. 2g).

2.3 GC cell proliferation inhibited by knockdown of CHRDL2
in vitro and in vivo
To identify the effect of CHRDL2 on GC cell proliferation, we used lentivirus-mediated knockdown
CHRDL2 expression in HGC-27 and MGC-803 cells. To this end, we �rst used Western blotting and RT-PCR
to determine the silencing e�ciency (Fig. 3a). As we had hypothesized, cell proliferation, colony
formation, and the cell cycle transition effects were all reversed by silencing CHRDL2 (Fig. 3b–3e).
Furthermore, knockdown of CHRDL2 also inhibited the growth ability of subcutaneous tumors in nude
mice. Compared with control MGC-803 cells, the sh-CHRDL2 group had low ability to form tumors
(Fig. 3f). Additionally, IHC staining showed that the Ki-67 index of the subcutaneous tumors that were
formed by sh-CHRDL2 MGC-803 cells was lower than that of control cells (Fig. 3g).

2.4 Upregulation of CHRDL2 activates the YAP/TAZ
pathway
To further explore how CHRDL2 promotes GC cell proliferation, RNA sequencing was performed with
AGS/CHRDL2-OE cells and AGS/Ctrl cells (Fig. 4a). Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis results for signaling pathway enrichments indicated that these differentially expressed genes
were markedly related to transcriptional mis-regulation in cancer, the Hippo pathway, and the ErbB
signaling pathway (Fig. 4b). Therefore, we chose the top related 30 genes enriched from these pathways,
and RT-PCR results (Fig. 4c) showed they had a close connection to the Hippo pathway. We also showed
by RT-PCR (Fig. 4d) that the expression levels of STK3, YAP, and TAZ were signi�cantly increased in MGC-
803/CHRDL2-OE and AGS/CHRDL2-OE cells, whereas the opposite tendency was detected in MGC-
803/sh-CHRDL2 and HGC-27/sh-CHRDL2 cells. Additionally, it was clear that the expression of YAP and
TAZ was signi�cantly elevated in MGC-803/CHRDL2-OE and AGS/CHRDL2-OE cells in Q-PCR and
Western blots (Fig. 4e, 4g), whereas the opposite trend occurred in MGC-803/sh-CHRDL2 and HGC-27/sh-
CHRDL2 cells (Fig. 4f, 4h). We also found that CHRDL2 silencing facilitated the protein and mRNA levels
of MST2, and this result was contradicted in CHRDL2 overexpression cells. In summary, these results
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highlighted that CHRDL2 may exert cancer-promoting in�uence on GC cells by activating the YAP/TAZ
signaling pathway.

2.5 CHRDL2 promotes GC cells proliferation through the
MST2/YAP/TAZ signaling pathway
Mst2 kinases have been reported to be central regulators of the Hippo pathway. When they are activated,
resulting in phosphorylating of YAP and TAZ, this leads to their cytoplasmic sequestration and ultimate
degradation18,19. Our results showed that CHRDL2 overexpression increased the levels of YAP/TAZ and
decreased the levels of MST2. Moreover, when CHRDL2 was silenced, this regulation was impaired. To
unravel the molecular mechanism by which CHRDL2 modulates YAP/TAZ and MST2 in GC cells, we
transfected pcDNA-MST2 or si-YAP into MGC-803/CHRDL2-OE and AGS/CHRDL2-OE cells. We chose one
short-interfere RNA (Si-RNA) that presented high interference e�ciency for the expression of YAP from
three sequences(Fig. 5a) First, STK3 overexpression downregulated CHRDL2-mediated levels of YAP and
TAZ proteins and mRNA. YAP silencing in CHRDL2-OE cells led only to the reduction of YAP, whereas the
expression of MST2 was not in�uenced (Fig. 5b–5e). Next, we veri�ed the in�uence of YAP knockdown
and MST2 overexpression on the overexpression of CHRDL2 that resulted in promoting proliferation in
vitro. We found that YAP knockdown and MST2 overexpression reversed the CHRDL2 overexpression-
induced increase in GC cell proliferation by CCK-8 assay and clone formation (Fig. 5f–5i). Moreover, we
also found the effect of YAP silencing and STK3 overexpression on CHRDL2-induced cell cycle transition.
This con�rmed that silencing YAP and STK3 overexpression served to counteract the CHRDL2-induced
cell cycle transition of GC cells, as shown by �ow cytometry (Fig. 5f, 5g). These results indicated that
CHRDL2 exerts its function on the MST2-YAP/TAZ axis.

2.6 CHRDL2 is negatively correlated with MST2 and positively correlated with YAP and TAZ in
subcutaneous tumors

To con�rm the correlation between CHRDL2, MST2, YAP, and TAZ, we performed IHC analysis to evaluate
their levels in subcutaneous xenograft tumors. These experiments indicated that YAP and TAZ were
highly expressed while MST2 was downregulated in CHRDL2-overexpressing subcutaneous tumors, and
the opposite results were detected in CHRLDL2-silenced subcutaneous tumors (Fig. 6a, 6b). These results
further veri�ed that CHRDL2 may act as an oncogene via the YAP/TAZ signaling pathway in GC.

3. Discussion
By analyzing public datasets, we identi�ed that CHRDL2 was related to later stage and higher mortality in
GC patients. Thus, we inferred that CHRDL2 may serves as a positive factor in GC. CHRDL2 is known as a
secreted protein and also is a member of the chordin family of proteins, which contain a cysteine-rich pro-
collagen repeat domain and are related to the transforming growth factor beta superfamily. Moreover, we
veri�ed that CHRDL2 was upregulated in tumor tissues and was also associated with poor prognosis6.
Then, we identi�ed that CHRDL2 was signi�cantly overexpressed in GC samples from TMAs, and this
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was correlated to later T stage, TNM stage, and distant metastasis. We also determined that upregulated
CHRDL2 was signi�cantly correlated with a short overall survival (OS) in GC patients and demonstrated
the effect of CHRDL2 on promoting GC in vivo and in vitro. Moreover, overexpressing CHRDL2
signi�cantly facilitated GC cell proliferation as detected by EdU, CCK-8, and colony formation assays, and
also in�uenced the cell cycle as shown by �ow cytometry. In contrast, the knockdown of CHRDL2 had the
converse effects in vitro. Additionally, xenograft tumor assays provided evidence suggesting that
CHRDL2 had a positive effect on GC growth in vivo. Therefore, CHRDL2 was identi�ed as a cancer-
promoting gene contributing to the growth of GC cells.

Mechanistically, RNA sequencing analysis with KEGG pathway enrichment that was veri�ed by Western
blotting indicated that the Hippo pathway was correlated with CHRDL2. The Hippo pathway has been
shown to be an evolutionarily conserved signaling pathway that also serves as vital role in diverse
biological functions including development, homeostasis, and the regeneration of tissues and organs22–

24. Moreover, YAP is the key downstream effector of this pathway, which results in the core kinase
cascade in this signaling pathway25. Additionally, YAP has been shown to be connected with many forms
of cancer26,27 and its paralog, TAZ, which is known as the WW-domain containing transcription regulator-
1 (WWTR1), is also a key component of the Hippo pathway28. The Hippo pathway in�uences cell
function, in terms of cell proliferation and apoptosis, by inhibiting the YAP and TAZ transcriptional co-
activators. This pathway also leads to stemness in response to a series of extracellular and intracellular
signals10,29. In the present study, we demonstrated that MST2, which is a kinase of the Sterile 20-like
(STE20) superfamily, is also related to cell proliferation. Its primary function is antiproliferative and it
promotes apoptosis by regulation of downstream effectors30.

However, no evidence has been identi�ed connecting the YAP signaling pathway and CHRDL2 in previous
research. Therefore, we veri�ed that CHRDL2 was positively associated with the YAP signaling pathway
and that CHRDL2 silencing could reverse the function of this pathway. Additionally, knockdown of YAP
recovered the cell proliferation and cell cycle characteristics of GC cells. Moreover, our data showed the
negative correlations between CHRDL2 and MST2, and the overexpression of MST2 also could reverse
the growth and cell cycle behavior of GC cells, which was caused by CHRDL2 overexpression.
Consequently, CHRDL2 promoted growth and proliferation via the YAP signaling pathway.

In conclusion, our results demonstrated the mechanisms of CHRDL2 in GC cells as illustrated in the
model shown in Fig. 6b. This �gure depicts the foundation for future monitoring indicators of GC and the
possibility of therapeutic target selection. Our study had some shortcomings and needs further molecular
mechanism research to be conducted to further elucidate the role of CHRDL2 in GC.

4. Materials And Methods

4.1 TMA and tissue samples
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In this study, we used TMs containing 80 tumor tissues and 80 adjacent normal tissues obtained from GC
patients (HStmA180Su13; Shanghai Outdo Biotech, Shanghai, China). An anti-CHRDL2 antibody was
used to stain them, the staining intensity was scored and the CHRDL2 staining score was calculated. All
12 pairs of tumor and normal tissues were obtained from Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine. All patients mentioned in this study had not received therapy, and the clinical stage
for each section was obtained according to the TNM stage of American Joint Committee on Cancer and
International Union Against Cancer( AJCC/UICC) for GC, 8th edition20,21.

4.2 Cell culture and experiments
Gastric-adenocarcinoma cell lines HGC-27, MGC-803, SGC-7901, HS-746T, BGC-823, and MKN-45, and the
human immortalized gastric cell line GES-1 were obtained from the Cell Bank of the Chinese Academy of
Sciences. We cultivated cells in Dulbecco's Modi�ed Eagle Medium or RPMI-1640 medium containing
10% fetal bovine serum (Gibco Waltham, MA, USA) and 1% penicillin-streptomycin in a humidi�ed
incubator with 5% CO2 at 37°C.

STK3 cDNA was synthesized and inserted into pCDNA3.1 plasmid (PPL; Nanjing, Jiangsu, China), while
using an empty pcDNA3.1 plasmid as a control. To silence the expression of YAP, we generated siRNA-
YAP and use siRNA-NC as a control by Genomeditech (Shanghai, China). The full-length CHRDL2 cDNA
was inserted into a lentiviral GFP-Puro vector (PPL; Nanjing), and we also cloned a small hairpin RNA
(shRNA) targeting CHRDL2 into the piLenti-shRNA-GFP-Puro vector by PPL (Nanjing). For transfection, we
�rst transduced MGC-803, HGC-27, and AGS cells with the lentiviruses mentioned earlier for 24 h, and
then we replaced the medium with 5 µg/mL puromycin (Beyotime Biotechnology, Beijing, China) after 48
h. Using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) to complete the transfection, we then
collected the cells after 48 h of transfection.

4.3 RNA extraction and real-time quantitative polymerase
chain reaction
First, we used TRIzol reagent (Vazyme, Nanjing, China) to extract the total RNA following the
manufacturer’s protocol. Then, RNA samples were reverse transcribed into cDNA using a Reverse
Transcription System (Toyobo, Osaka, Japan). Messenger RNA (mRNA) levels were determined using
ChamQ Universal SYBR qPCR Master Mix (Vazyme) on an Applied Biosystems 7900HT sequence
detection system (Applied Biosystems, Foster City, CA USA). Using the 2 − ΔΔCt method, the relative
expression of mRNA levels was determined relative to GAPDH. All the primers used are presented in
Supplementary Table S1.

4.4 Western blotting analysis
Using a standard protocol, the total protein extraction of GC cells was performed in RIPA lysis buffer
(Solarbio, Beijing, China) supplemented with phenylmethylsulfonyl �uoride (PMSF; Solarbio) and a
protease inhibitor cocktail (Roche, Basel, Switzerland). We then determined the concentration of protein
by BCA assay (Pierce, Thermo Fisher, Waltham, MA, USA). Western blotting was performed following a
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previously published protocol. The candidate antigens were detected by antibodies (all antibodies are
described in detail in Supplementary Table S2). All bands were captured using a Tanon imaging system.

4.5 Cell proliferation assays
We determined the rates of cell proliferation using an EdU Labeling Kit (Beyotime Biotechnology, Haimen,
China) and a Cell Counting Kit-8 (CCK-8; Dojindo, Shanghai, China). All experimental procedure followed
the manufacturers’ instructions. To conduct the colony formation assay, we put 1 × 103 GC cells/per well
into six-well plates for cultivation for 14 days.

4.6 IHC staining
For subcutaneous tumors, we made formalin-�xed and para�n-embedded specimens, and then cut these
into 5 µm thick sections and �xed them on glass slides. These sections were then incubated with
different antibodies. To determine the ratio of positive tumor cells, we performed semiquantitative
evaluation by assessing the percentage of positive cells. The details are as follow: 0 = 5–25%, 1 = 26–
50%, 2 = 51–75%, and 3 = ≥ 75%. We also evaluated the expression levels of CHRDL2, MST2, TAZ, Ki-67,
and YAP by scoring the intensity of stained cancer cells as follows: 0 (no staining), 1 (weak staining, light
yellow), 2 (moderate staining, yellow), and 3 (strong staining, brown). Above all, scores ≥ 3 were regarded
as high expression, and those < 3 were considered low expression.

4.7 Cell cycle analysis
We collected 5 × 105 cells in six-well plates, �xed with 75% ethanol, which were placed at 4°C overnight.
Then, we resuspended the cells in 400 µL of PI/RNase Staining Buffer (Biosciences, NC, USA), and
stained these cells for 30 min at room temperature in a dark room. Finally, we analyzed the cell cycle
using �ow cytometry.

4.8 Animal tumor transplantation
All animal experiments were approved by the local Laboratory Animal Ethics Committee of Ruijin Hospital
(Shanghai, China). We purchased three- to four-week-old male BALB/c-nude mice from the Chinese
Academy of Sciences (Shanghai, China) and divided them into two groups (n = 5 per group). Mice were
subcutaneously injected with 5 × 106 MGC-803/CHRDL2 or MGC-803/vector cells. For measurements, we
determined the tumor (a) length and (b) width every four days. The method of calculating tumor volumes
was as follows: volume = 1/2 (a × b2). After 32 days, we killed the mice and harvested the tumors, which
we stored at -80°C for further research.

4.9 Statistical analysis
We performed statistical analysis using SPSS 21.0 and GraphPad Prism 7.0. All data are shown as the
mean ± SD from three or more independent experiments. Independent-sample t tests were performed
between cell proliferation assay samples, qPCR samples, and for tumor weight and sizes between two
groups. We estimated the correlation of CHRDL2 expression with the clinicopathological characteristics
of GC using the Chi-square (χ2) test. Spearman’s correlation analysis was conducted to assess the
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association between CHRDL2, MST2, and YAP/TAZ in para�n-embedded clinical tumor tissues. A P
value < 0.05 was regarded as statistically signi�cant (**p < 0.05; ***p < 0.01; ****p < 0.001).

Abbreviations
CHRDL2: Chordin-like 2; GC: gastric cancer; BMP: bone morphogenetic protein; GES-1: immortalized
gastric epithelial cell line; IHC: immunohistochemistry; YAP: Yes-associated protein; TAZ: WW domain
containing transcription regulator 1, or WWTR1; MST2: mammalian sterile 20-like kinase 2; CCK-8: Cell
Counting Kit-8; RNA-seq: RNA sequencing; KEGG: Kyoto Encyclopedia of Genes and Genomes; qRT-PCR:
Quantitative real-time PCR; SD: Standard deviation; OS: Overall survival
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Table 1 Correlations between CHRDL2 expression and clinical characteristics in GC patients.

Clinicopathologic parameters Case(n=80) CHRDL2 expression P-value

Low High

Total 80 22 58  

Gender       0.703

Male 56 15 41  

Female 24 7 17  

Age       0.944

≥60 55 15 40  

<60 25 7 18  

Tumor (cm)       0.001

≥3.0 49 8 41  

<3.0 31 14 17  

Differentiation        

Well, moderately 38 12 26 0.096

Poorly, undifferentiated 42 10 32  

T stage       0.000

T1+T2 19 15 7  

T3+T4 61 7 51  

Lymph node metastasis       0.086

N0+N1 38 11 27  

N2+N3 42 11 31  

Distant metastasis       0.001

M0 74 22 52  

M1 6 0 6  

Pathological stage       0.000

I+II 32 17 15  

III+IV 48 5 43  
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Table 2 Univariate and multivariate analysis of clinic pathological factors for overall survival in GC
patients.

Variables Univariate analysis Multivariate analysis

  HR(95% CI) P HR(95% CI) P

CHRDL2(low vs. high) 3.353 1.212-
6.243

0.001 2.497 1.317-
4.735

0.005

Age(≥60 vs. <60) 0.893(0.424-
1.914)

0.792    

Gender (male vs. female) 0.917 0.399-
2.029

0.881    

Tumor size(≥3 vs. <3) 1.324 0.911-
2.341

0.094    

T stage (T1–2 vs. T3–4) 1.221 1.056-
2.734

0.017 1.109 1.321-
2.123

0.029

Lymph node metastasis (N0-1 vs. N2–
3)

2.484 0.621-
5.363

0.619    

Distant metastasis(M0vs. M1) 1.562 1.174-
2.079

0.004 1.372 1.081-
1.828

0.015

Pathological stage (I–II vs. III–IV) 1.779 1.201-
2.529

0.002 1.512 1.119-
2.342

0.031

Figures
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Figure 1

CHRDL2 expression in GC tissues and cells and correlation with the prognosis of GC patients. a
Representative IHC staining images in TMA-containing tumor tissues and matched tumor-adjacent
tissues with GC. b IHC score analysis of two groups conducted by Wilcoxon rank-sum test suggested a
discrepancy. c K-M curves of CHRDL2 using survival data from TMAs. d–f CHRDL2 expression in GC
differed based on the sample type, individual cancer stage and prognosis from the TCGA database. g
Compared with adjacent normal tissues, CHRDL2 was overexpressed in tumor tissues from 12 patients in
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our center. h The expression level of CHRDL2 differed between six GC cells and GES-1 by Western blotting
and RT-PCR. **P < 0.05, ***P <0. 01, ***P < 0.001. Data are shown as the mean± SD (n ≥ 3).

Figure 2

Overexpression of CHRDL2 promotes GC cells proliferation. a Western-blotting and RT-PCR indicate
CHRDL2-overexpression in MGC-803 and AGS cells was successful performed. b–c CHRDL2 promote cell
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proliferation as detected by CCK8 assay and EdU in MGC-803 and AGS cell lines. d Colony formation
revealed that CHRDL2 increased the abilities of MGC-803 and AGS cells. e CHRDL2 induced the cell cycle
transition from G0/G1 to S as shown by �ow cytometry. f Xenograft of subcutaneous tumors formed by
MGC-803/CHRDL2-OE cells were bigger than those developed by the control group. The charts also
revealed the same tendency for the growth curve of tumor and �nal tumor weight, respectively. g IHC
staining analysis, indicating that the index of Ki-67 in the overexpression group was higher than in the
control group in xenograft tumors. All results were obtained from at least three independent experiments.
*p < 0.05; **p < 0.01; ***p < 0.001.
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Figure 3

Knockdown of CHRDL2 inhibits cell proliferation both in vitro and in vivo. a Western-blotting and RT-PCR
indicating the knockdown e�ciency of CHRDL2 in MGC-803 and HGC-27 cells. b–c As CCK8 assay and
EdU reveal, silencing CHRDL2 decreased the growth ability in MGC-802 and HGC-27 cell lines. d Colony
formation assay showing that knockdown of CHRDL2 signi�cantly inhibited the growth of MGC-803 and
HGC-27 cell lines. e Silencing CHRDL2 resulted in cell cycle hindering in G0/G1. f The subcutaneous
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tumors formed by MGC-803/sh-CHRDL2 cells were more signi�cantly developed than MGC-803/ctrl cells.
The charts also revealed the same tendency for the curve of tumor growth curve and tumor weight,
respectively. g The Ki-67 index was investigated through IHC in xenograft tumors. All data were acquired
from three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001. Results are shown as mean ± SD.

Figure 4
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Cancer-promoting effects of CHRDL2 function through the activation of the Hippo/YAP pathway. a
Heatmap showing differentially expressed genes obtained from RNA-seq data AGS/CHRDL2-OE versus
AGS/NC cells (n = 3). b KEGG pathway enrichment analysis of differentially expressed genes in RNA-seq
data from AGS/CHRDL2-OE versus AGS/NC cells (n = 3). c Real-time PCR showing the top 15
differentially expressed genes selected from RNA-seq in MGC-803/CHRDL2-OE and AGS/CHRDL2-OE cell
lines. d, f Western blotting analysis of CHRDL2’s in�uence on the YAP/TAZ pathway in MGC-803 and AGS
cells. e, g Real-time PCR revealing that CHRDL2 resulted in the differential expression of the Hippo/YAP
pathway. *p < 0.05; **p < 0.01; ***p < 0.001.
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Figure 5

CHRDL2 overexpression induces tumor progression in GC cells and can be reversed by YAP silencing and
STK3 overexpression. a RT-PCR shows the interference e�ciency of three YAP-targeting siRNA in MGC-
803- and AGS-CHRDL2-OE cells.  b, c, d, e  Real-time PCR and Western blotting showing the different
expression of YAP, TAZ and MST2 in AGS/CHRDL2-OE and MGC-803/CHRDL2-OE cells co-transfected
with pc-DNA-STK3 or si-YAP. f, g Silencing YAP can abolished the growth abilities of GC cells acquired by
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CHRDL2 overexpression, as demonstrated by CCK-8 assay, �ow cytometry and colony formation assay. h,
i STK3 overexpression reverses the CHRDL2 -induced growth and proliferation abilities and cell cycle
transition of GC cells. Representative �gures are shown. Data is shown as the mean ± SD. All results were
obtained from three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001.

Figure 6
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The correlation between CHRDL2, YAP, TAZ, and MST2 in subcutaneous tumors. a In the CHRDL2
silencing group, the expression of YAP and TAZ were reduced and MST2 was upregulated as determined
by IHC staining analysis, while the opposite results were shown in the CHRDL2 overexpressing group.
Representative �gures are shown. Scale bar: 50 μm. b Proposed model depicting that CHRDL2 can
regulate cell proliferation and in�uence the cell cycle by activating the YAP/TAZ signaling pathway in GC
cells.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

suptables1s2.docx

https://assets.researchsquare.com/files/rs-1561013/v1/f0cdc0da37ecc958542a4de0.docx

