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Results

Low stromal Cav-1 expression was associated 
with worse prognosis of HCC patients

Aiming to understand the role of stromal Cav-1 
in the development of HCC, we evaluated the 

Cav-1 expression in 105 HCC patients’ tumor 
tissues. Interestingly, we found that Cav-1 was 
dominantly expressed in the tumor stromal 
part, rather than the tumor cells. The HCC 
patients showed various levels of tumor stro-
mal Cav-1 expression (Figure 1A). Further sur-
vival analysis indicated that the patients with 

Figure 2. Cav-1 expression in human HCC tumor cells and CAFs. A. Single cells of fresh human HCC tumor tissues 
were gated in FACS analysis. B. Gating strategy of isolating HCC tumor cells (E-Cadherin) and CAFs (vimentin). C. 
CAFs expressed a high level of Cav-1, but the tumor cells almost didn’t express Cav-1. D. Mean fluorescence inten-
sity (MFI) was calculated to quantify the Cav-1 expression. The CAFs expressed a much higher level of Cav-1 than 
the tumor cells. E. The Cav-1 expression of shRNA transfected CAFs wasmeasured by Western blotting analysis. 
The Cav-1 shRNA dramatically decreased Cav-1 expression. (****P value less than 0.0001; KD: Cav-1 knockdown 
CAFs; WT: wide type CAFs; Ctrl: transfection control CAFs).
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Figure 3. Effects of Cav-1-knockdown CAFs on HCC invasion. A. Representative pictures of the invasion assay of HCC cell lines, HepG2 and Hep3B, which were 
treated by CAF conditional medium. B, C. The quantified data showed that HepG2 and Hep3B cells had higher invasion ability after treated by the conditional me-
dium of Cav-1 knockdown CAFs. D-G. The amount of MMP-2 and MMP-9 expressed by HCC cells were significantly increased after treated by the conditional medium 
of Cav-1 knockdown CAFs. (*P value less than 0.05; **P value less than 0.01; ***P value less than 0.001; CAFs KD: Cav-1 knockdown CAFs; CAFs WT: Cav-1 wide 
type CAFs; CAFs Ctrl: transfection control CAFs).
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low stromal Cav-1 expression had lower overall 
survival rate than the cases with high stromal 
Cav-1 expression (Figure 1B). The log-rank test 
indicated this difference was statistically sig-
nificant (P value < 0.001). Based on these 
observations, we hypothesized that the loss of 
stromal Cav-1 might promote the development 
of HCC.

Cav-1 was mainly expressed by CAFs in HCC 
tissues

Given that in the HCC sections, Cav-1 was seen 
in the tumor stromal part, we further validated 
the Cav-1 expression location by flow cytome-
try. We evaluated the Cav-1 expression on both 
the tumor cells and CAFs (Figure 2A, 2B) from 
fresh HCC tumor tissues. In line with the results 
from tissue staining, we found that Cav-1 was 
mainly expressed by the CAFs, but not the 
tumor cells (Figure 2C, 2D). To understand the 

Cav-1 knockdown CAFs’ conditional medium 
were significantly increased (Figure 3D-G). 

Loss of Cav-1 in CAFs induced multidrug resis-
tance in HCC cell lines and tumor model

The HCC cell lines, HepG2 and Hep3B, were 
treated with two kinds of chemotherapeutic 
drugs (5-FU and Gem). As shown in Figure 4, 
the tumor cells cultured with Cav-1 knockdown 
CAFs’ conditional medium showed obvious re- 
sistance to 5-FU treatment and Gem treatment 
compared to the tumor cells cultured with Cav-1 
wild type CAFs’ conditional medium. The esti-
mated half maximal inhibitory concentration of 
each drug showed more than ten times’ differ-
ence in these two groups. Expression of MRP1 
in HCC cells was also upregulated by condi-
tioned medium from Cav-1 low expression CAFs 
(Figure 4E).

Figure 4. CAFs with Cav-1 knockdown induced drug resistance of HCC cell 
lines. A, B. Under the treatment of 5-FU and Gem, the response of HepG2 
cells cultured with Cav-1 knockdown CAFs’ conditional medium was not as 
sensitive as the cells cultured with normal Cav-1 expression CAFs’ condition-
al medium. C, D. Hep3B cells also showed increased drug resistance to the 
5-FU and Gem treatments when cultured with the Cav-1 knockdown CAFs’ 
conditional medium. E. Expression of multidrug resistance protein 1 (MRP1) 
in each group after treated by 1,000 nM 5-Fu and 1,000 Gem for 24 h. (Dif-
ference of the cell viability among the experimental groups was analyzed at 
the 2nd and 3rd treatment concentrations. *P value less than 0.05; **P value 
less than 0.01; CAFs KD: Cav-1 knockdown CAFs’ conditional medium; CAFs 
WT: Cav-1 wide type CAFs’ conditional medium; CAFs Ctrl: transfection con-
trol CAFs’ conditional medium).

roles of Cav-1 low expression 
CAFs on tumor development, 
we created the Cav-1 knock-
down CAFs with shRNA tra- 
nsfection for further study 
(Figure 2E).

Loss of Cav-1 in CAFs pro-
moted the HCC cell invasion

Human HCC cell lines, HepG2 
and Hep3B, were cultured 
with the conditional medium 
of different CAFs, including 
Cav-1 knockdown CAFs, trans-
fection control CAFs, and 
Cav-1 wild type CAFs. Then 
these HCC cells were subje- 
cted to invasion assay. As 
shown in Figure 3A-C, the 
HCC cell lines cultured with 
Cav-1 knockdown CAFs’ con-
ditional medium had incre- 
ased invasion ability than the 
control groups and baseline 
group (HCC tumor cells with 
no conditioned medium treat-
ment). We further measured 
the two key invasion-related 
proteins MMP-2 and MMP9 
levels in tumor cells. As expe- 
cted, the MMP-2 and MMP-9 
amounts expressed by the 
HCC cell lines cultured with 
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To further validate the drug resistance induced 
by Cav-1 low expression in HCC, we performed 
an animal model experiment. As shown in 
Figure 5A, the tumors with CAFs grew faster 
than tumors without CAFs. When treated with 
5-FU and Gem, the tumors with Cav-1 low 
expression CAFs were not as sensitive as other 
groups indicated by the tumor growth rate 
(Figure 5A). In the tumor tissue sections, we 
evaluated the expression of Activated-Caspase 
3, a marker of cell apoptosis (Figure 5B). As 
expected, the tumors with Cav-1 low expression 
CAFs showed lowest number of apoptotic cells 
(Figure 5C). These data suggested that the loss 
of Cav-1 in CAFs could induce multidrug resis-
tance in HCC in vitro and in vivo, thereby pro-
moting HCC development.

Discussion

In the past decades, the significance of tumor 
stromal cells in promoting cancer progression 

This result is in line with the findings from 
breast cancer, prostate cancer, as well as gas-
tric cancer, where high Cav-1 in CAFs is a favor-
able prognostic marker [8, 13, 15].

Loss of Cav-1 in CAFs promoted cancer devel-
opment by multiple mechanisms. In previous 
breast cancer experimental systems, loss of 
Cav-1 could stimulate autophagy is CAFs [16, 
17]. Activation of the catabolic pathways of 
autophagy in CAFs secreted a large amount of 
nutrients into the tumor microenvironment [16, 
17]. Studies reveal that a metabolic coupling 
occurs between catabolic fibroblasts and ana-
bolic cancer cells, thereby promoting cancer 
cell growth and survival in stress conditions 
[16, 17]. Cav-1 lost CAFs also promote tumor 
development by secreting cytokines and regu-
lating biological features of cancer cells [18]. In 
our study, we focused on the invasion ability 
and drug response of cancer cells, two major 
malignant features of cancers. Interestingly, 

Figure 5. CAFs with Cav-1 knockdown induced drug resistance in HCC tumor 
model. A. Cancer model treatment plan and tumor volume in each group. 
The mice were treated with 5-FU (150 mg/kg) and Gem (150 mg/kg) for 
three times. B. Staining of Activated-Caspase 3 in the tumor tissue of each 
group. C. Number of Activated-Caspase 3 positive staining cells per field in 
each group. (***P value less than 0.001; ****P value less than 0.0001; 
CAFs KD: Cav-1 knockdown CAFs; CAFs WT: Cav-1 wide type CAFs; CAFs Ctrl: 
transfection control CAFs).

has arisen extensive interests 
in cancer studies [6]. Fibro- 
blasts are the most abundant 
“non-cancerous” cells in tu- 
mors. It is now clear that the 
CAFs in tumor microenviron-
ment facility tumor develop-
ment via enhancing tumor 
invasion, metastasis, drug re- 
sistance, and immunosuppr- 
ession [6]. However, the spe-
cific molecular mechanisms 
in the CAFs mediated cancer 
development are not clear 
yet. Herein, we focused on 
Cav-1 expressed in CAFs, in- 
vestigating its effects on HCC 
invasion and drug resistance.

Cav-1 is expressed in both 
tumor cells and stromal cells 
in many cancers [13-15]. In 
HCC samples, we analyzed 
the Cav-1 expression by IHC 
and flow cytometry. Interes- 
tingly, by these two methods, 
we localized high Cav-1 ex- 
pression in CAFs, rather than 
in tumor cells. In HCC patients, 
the Cav-1 level in CAFs has 
significant prognostic values: 
high expression of Cav-1 in 
CAFs predicts better overall 
survival than low expression. 
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