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A B S T R A C T   

Ethnopharmacological relevance: Metastasis is the main cause of death in lung cancer patients. Circulating tumor 
cells (CTCs) may be an important target of metastasis intervention. Previous studies have shown that Jinfukang 
could prevent the recurrence and metastasis of lung cancer, and we have established a circulating lung tumor cell 
line CTC-TJH-01. However, whether Jinfukang inhibition of lung cancer metastasis is related to CTCs is still 
unknown. 
Aim of the study: To further explore the mechanism of Jinfukang in anti-metastasis of lung cancer from the 
perspective of intervention of CTCs. 
Materials and methods: CTC-TJH-01 and H1975 cells were treated with Jinfukang. Cell viability was detected by 
CCK8, and the cell apoptosis was detected by flow cytometry. Transwell was used to detected cell migration and 
invasion. Cell anoikis was detected by anoikis detection kit. Protein expression was analysis by Western blot. 
Results: Jinfukang could inhibit the proliferation, migration and invasion of CTC-TJH-01 and H1975 cells. Be-
sides, Jinfukang could also induce anoikis in CTC-TJH-01 and H1975 cells. Analysis of the mRNA expression 
profile showed ECM-receptor interaction and focal adhesion were regulated by Jinfukang. Moreover, it was also 
find that Jinfukang significantly inhibited integrin/Src pathway in CTC-TJH-01 and H1975 cells. When suppress 
the expression of integrin with ATN-161, it could promote Jinfukang to inhibit migration and induce anoikis in 
CTC-TJH-01 and H1975 cells. 
Conclusions: Our results indicate that the migration and invasion of CTCs are inhibited by Jinfukang, and the 
mechanism may involve the suppression of integrin/Src axis to induce anoikis. These data suggest that Jinfukang 
exerts anti-metastatic effects in lung cancer may through anoikis.   

1. Introduction 

Lung cancer is the most lethal malignant tumour (Siegel et al., 2019). 
The 5-year survival rate of lung cancer patients is still less than 20% in 
both developed and developing countries (Allemani et al., 2018). The 
main reason is tumour metastasis, which is the leading cause of death in 

patients with lung cancer (Miller et al., 2019). Therefore, suppression of 
cancer metastasis is thus an urgent therapeutic need. However, most 
existing drugs for lung cancer treatment developed on pre-clinical 
models which based on primary cancer cell lines (Reinhold et al., 
2015). Lacking of the specific pre-clinical models for metastasis study is 
still the main obstacle in the field. New ideas are needed to develop 
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effective anti-tumor drugs (Anderson et al., 2019). 
Circulating tumour cells (CTCs) shed from the primary tumour into 

the vascular system since the beginning of the malignant process, and 
thousands of CTCs may be sown in distant organs (Gkountela et al., 
2019; Massague and Obenauf, 2016). CTCs must overcome many ob-
stacles before colonizing distant organs, such as surviving in peripheral 
blood, evading immune defence, infiltrating distant tissue and surviving 
in a dormant state (Joosse et al., 2015). Hence, there are two strategies 
for anti-metastasis treatment, one is to prevent CTCs dissemination, and 
the other is to suppress already existing metastases and induce 
dormancy (Bi et al., 2020; Weber, 2013). Many studies have demon-
strated that CTCs levels are correlated with distant metastasis and poor 
prognosis in lung cancer (Alama et al., 2014; Zhou et al., 2017). 
Therefore, CTCs may be an important target in the design and devel-
opment of anti-metastatic drugs. 

Traditional Chinese medicine has great advantages in the treatment 
of cancer (Hnit et al., 2020). Jinfukang, Traditional Chinese medicine 
prescription, is specifically administered in the treatment of lung cancer, 
and has been proven to prevent metastasis and prolong the survival of 

lung cancer patients (Liu et al., 2001). Multiple lines of evidence indi-
cate that Jinfukang can induce cell cycle arrest, apoptosis, and epige-
netic regulation in lung cancer (Kou et al., 2017; Lu et al., 2018). 
However, the role and mechanism of Jinfukang against lung cancer 
metastasis is still elusive. 

Although the clinical efficacy of Jinfukang in the treatment of lung 
cancer metastasis has been confirmed, the mechanism of its anti- 
metastatic effect remains unclear. We speculate that the mechanism 
may be related to CTCs anoikis. In this study, we examined the role of 
Jinfukang on CTCs metastasis and studied the underlying molecular 
mechanisms. 

2. Materials and Methods 

2.1. Chemicals and reagents 

Jinfukang (No. 20180501) was provided by China Resources Sanjiu 
Medical & Pharmaceutical CO, LTD as described before (Que et al., 
2020). ATN-161 was purchased from Selleck (Shanghai, China). Cell 

Fig. 1. Effects of Jinfukang on the proliferation and apoptosis of lung cancer cells. (A and B) CTC-TJH-01 and H1975 cells were incubated with Jinfukang (0, 100, 
125, 200, 250, 500 μg/mL) for 24 h or 48 h. The CCK-8 assay was performed to determine the cytotoxic effect of Jinfukang. (C and D) CTC-TJH-01 and H1975 cells 
were treated with Jinfukang (0, 100, 200, and 250 μg/mL) for 24 h. Flow cytometry was performed to determine apoptosis. Each bar represents the mean ± SD of 
three separate experiments. *P < 0.05; **P < 0.01; ***P < 0.001. 
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counting kit-8 (CCK-8) reagent was purchased from Dojindo (Dojindo, 
Shanghai, China). Annexin V-FITC/PI apoptosis detection kit was ob-
tained from BD Pharmingen (BD Biosciences, CA, USA). Anoikis detec-
tion kit was purchased from Biovision (Mountain View, CA, USA). 
Antibodies specific for TrkB, goat anti-mouse IgG-HRP, and donkey 
anti-rabbit IgG-HRP were purchased from Cell Signaling Technology 
(Danvers, MA, USA); Antibodies specific for MMP-2, MMP-9, and 
GAPDH were purchased from Proteintech (Wuhan, China); Antibodies 
specific for Integrin β1, Src, and p-Src were purchased from Affinity 
Biosciences; Antibodies specific for MEK, p-MEK, ERK1/2, p-ERK1/2, 
and FN1 were purchased from Abcam (Cambridge, MA, UK). 

2.2. Cell culture 

Human circulating lung cancer cell line CTC-TJH-01 was established 
by our laboratory (Wang et al., 2016). H1975 cells were purchased from 
the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). 
Cells were maintained in F12K (Gibco) or RPMI-1640 (Corning Cellgro) 
supplemented with 10% foetal bovine serum (Biological Industries) and 
penicillin-streptomycin at 37 ◦C in a humidified atmosphere with 5% 
CO2. 

2.3. Cell viability assay 

Cell viability assay were measured as previously described (Que 
et al., 2019b). 

2.4. Apoptosis analysis 

The annexin V-FITC/PI apoptosis assay were measured as previously 
described (Que et al., 2019b). 

2.5. Migration and invasion assays 

In vitro migration and invasion assays were performed as described 
previously (Liang et al., 2018). Briefly, the lower transwell chamber was 
filled with 750 μL serum containing 20% FBS medium, and 5 × 104 cells 
in 500 μL serum-free medium were added to the upper transwell 
chamber. After 30 min, Jinfukang was added to the upper chamber. The 
cells were allowed to migrate for 16 h at 37 ◦C. The non-migrated cells 
were removed with a cotton swab, and the migrated cells were fixed 
with methanol and stained with Giemsa. The transwell was photo-
graphed under a Leica DMI3000B microscope (Leica Microsystems, 
Wetzlar, Germany). Five random fields were counted at 100 × magni-
fication. The cell invasion assay was performed using transwell inserts 
coated with matrigel. 

2.6. Western blot analysis 

Western blotting was conducted as described previously (Que et al., 
2019b). In brief, cell lysates were centrifuged at 12,000 rpm for 30 min 
at 4 ◦C. Protein concentrations of cell lysates were determined using the 
BCA assay, and 40 μg of proteins was loaded onto 7.5%–15% SDS 

Fig. 2. Jinfukang reduced cell migration and invasion of lung cancer cells. The migration (A and B) or invasion (C and D) capacity of CTC-TJH-01 and H1975 cells 
was measured using transwell assays or matrigel invasion chambers after Jinfukang (0, 100, 200 μg/mL) treatment for 16 h. Each bar represents the mean ± SD of 
three separate experiments. *P < 0.05; **P < 0.01; ***P < 0.001. 
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polyacrylamide gels and electrophoresed. The gels were then transferred 
to polyvinylidene difluoride membrane. The blotted membranes were 
blocked in blocking buffer (5% non-fat dry milk/1% Tween 20 in PBS) 
for 2 h at room temperature and then incubated overnight with appro-
priate primary antibodies in blocking buffer at 4 ◦C. The blot was then 
washed three times with TBST buffer, and incubated with horseradish 
peroxidase-conjugated secondary antibody for 1 h at room temperature. 
The immunoreactive bands were visualized using an ECL kit (Bio-Rad). 
The density of the immunoreactive bands was analyzed using Image J 
software (Bio-rad, CA, USA). 

2.7. Anoikis assays 

Anoikis assays were performed as described previously (Lu, S.M. 
et al., 2016). Cells were cultured in plates coated with or without 
poly-HEMA, and then treated with Jinfukang for 24 h. Calcein AM/e-
thidium homodimer-1 (EthD-1) solution (500X, 1 μL) was added to each 
well of a 24-well anchorage resistant or control plate. The plates were 
then incubated for 30–60 min at 37 ◦C. The green calcein AM fluores-
cence (Ex, 485 nm; Em, 515 nm) and red EthD-1 fluorescence (Ex, 520 
nm; Em, 590 nm) were detected by inverted fluorescence microscope. 
Green calcein AM fluorescence stains live cells, red EthD-1 fluorescence 
stains dead cells. 

2.8. Statistical analysis 

All experiments were assayed in triplicate (n = 3). Data are expressed 
as means ± SEM. All statistical analyses were performed using GraphPad 
Prism 6.0 (GraphPad Prism Software Inc, CA, USA). Differences in 
measured variables between experimental and control groups were 

assessed by the Student’s t-test. The analysis of multiple groups was 
performed by ANOVA. P < 0.05 was defined as statistically significant. 

3. Results 

3.1. Jinfukang significantly inhibited the proliferation of CTC-TJH-01 
and H1975 cells 

To investigate the role of Jinfukang in the metastasis of lung cancer 
cells, we first examined the effects of Jinfukang on the proliferation of 
CTC-TJH-01 and H1975 cells. Jinfukang was found to significantly 
inhibit the proliferation of CTC-TJH-01 and H1975 cells (Fig. 1A and B). 
Additionally, CTC-TJH-01 and H1975 cells treated with Jinfukang for 
24 h were examined for apoptosis by flow cytometry to determine the 
follow-up experimental intervention dose of Jinfukang. The results 
suggested that high-concentration of Jinfukang could induce apoptosis 
in CTC-TJH-01 and H1975 cells, and that H1975 cells were more sen-
sitive to Jinfukang (Fig. 1C and D). Therefore, in the next experiment, 
we chose a lower dose of Jinfukang. 

3.2. Jinfukang inhibited the migration and invasion of CTC-TJH-01 and 
H1975 cells 

Next, we evaluated the effect of Jinfukang on lung cancer metastasis. 
As shown in Fig. 2A and B, Jinfukang significantly suppressed the 
migration of CTC-TJH-01 and H1975 cells. In addition, the same results 
were obtained in the invasion experiments (Fig. 2C and D). These results 
indicate that Jinfukang can inhibit the metastasis of lung cancer cells. 

Fig. 3. Jinfukang induced anoikis in lung cancer cells. An anoikis assay was used to measure the anoikis levels in CTC-TJH-01 and H1975 cells after incubation with 
Jinfukang (0, 100, 200 μg/mL) for 24 h. Each bar represents the mean ± SD of three separate experiments. *P < 0.05; **P < 0.01; ***P < 0.001. 
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3.3. Jinfukang induced anoikis in CTC-TJH-01 and H1975 cells 

The above results show that Jinfukang could significantly inhibit the 
invasion and migration of CTC-TJH-01 and H1975 cells without effect 
the apoptosis. Therefore, anoikis was analyzed using the anoikis assay. 
As shown in Fig. 3, Jinfukang significantly increased anoikis in CTC- 
TJH-01 and H1975 cells in vitro. These results indicate that Jinfukang 
may inhibit the invasion and migration of CTC-TJH-01 and H1975 cells 
by inducing anoikis. 

3.4. Jinfukang inhibited the integrin/Src signaling cascade in CTC-TJH- 
01 and H1975 cells 

In order to reveal the mechanism of Jinfukang inhibition of lung 
cancer cell metastasis, we analyzed the results of previous RNA 
sequencing and found that Jinfukang mainly affects the ECM receptor 
interaction signaling pathway of lung cancer cells (Figs. S1A, S1B, S1C). 
Therefore, we analyzed the integrin/Src signal pathway, which related 
to ECM receptor interaction. As shown in Fig. 4, Jinfukang significantly 
reduced the expression of FN1, integrin β1 and p-Src in CTC-TJH-01 and 
H1975 cells. In addition, the cell survival and metastasis-associated 
protein p-MEK, p-ERK1/2, MMP2 and MMP9 were also downregulated 
in CTC-TJH-01 and H1975 cells following exposure to Jinfukang 
(Fig. 4). These findings indicate that the integrin/Src pathway may be 
the mechanism of Jinfukang in inhibiting the metastasis of lung cancer 
cells. 

3.5. Jinfukang inhibited the migration via integrin/Src axis to induced 
anoikis in CTC-TJH-01 and H1975 cells 

In order to further clarify the role of integrin/Src signaling pathway 
in the inhibition of lung cancer cell metastasis by Jinfukang. We used 
integrin inhibitor ATN-161 combined with Jinfukang to treatment with 
CTC-TJH-01 and H1975 cells. As shown in Fig. 5A and B, when 
compared with Jinfukang alone group, the combined group had more 
significant inhibition on p-Src protein expression. In addition, cell 
migration assay was also observed the same results. ATN-161 treatment 
can promote the inhibitory effect of Jinfukang on the migration of CTC- 
TJH-01 and H1975 cells (Fig. 5C and D). Furthermore, in the anoikis 
assays, we also observed that ATN-161 can promote the effect of Jin-
fukang on anoikis of CTC-TJH-01 and H1975 cells (Fig. 6A and B). 
Collectively, the above results suggest that Jinfukang may inhibit the 
occurrence of lung cancer metastasis by inhibiting integrin/Src signaling 
pathway to induce lung cancer cells anoikis. 

4. Discussion 

Metastasis is considered to be a lethal hallmark of cancer (Steeg, 
2016). At present, however, there is still no ideal intervention for 
metastasis prevention. The main reason is that researchers in this field 
usually apply primary cancer cell lines to underlying anti-metastasis 
study. Circulating tumor cells in the peripheral blood have not attrac-
ted much attention. Recent studies have shown that CTCs can be applied 

Fig. 4. Jinfukang reduced integrin expres-
sion and inhibited Src cascade in lung cancer 
cells. CTC-TJH-01 and H1975 cells were 
incubated with Jinfukang (0, 200 μg/mL) for 
24 h. A Western blot assay was used to 
measure the protein expression levels of 
FN1, Integrin β1, Src, p-Src, MEK, p-MEK, 
ERK1/2, p-ERK1/2, MMP-2, and MMP-9 in 
CTC-TJH-01 and H1975 cells. GAPDH was 
used as an internal standard. Each bar rep-
resents the mean ± SD of three separate 
experiments. *P < 0.05; **P < 0.01; ***P <
0.001.   
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to predict disease progression and survival (Alama et al., 2014; Zhou 
et al., 2017). Multiple lines of evidence indicate that CTCs are already 
present even before the primary cancer can be detected (Hu et al., 2019; 
Ilie et al., 2014). Therefore, it is thought that stable CTC cell lines are 
optimal tool for studying tumor metastasis. Currently, in vitro estab-
lished CTCs include breast cancer, colorectal cancer, small cell lung 
cancer, non-small cell lung cancer and so on (Cayrefourcq et al., 2015; 
Hodgkinson et al., 2014; Wang et al., 2016; Yu et al., 2014). We previ-
ously established a permanent CTC cell line named CTC-TJH-01, which 
was able to induce tumorigenesis, lung organ colonization and metas-
tasis (Que et al., 2019a). Thus, in this study, we used CTC-TJH-01 cells to 
study the anti-metastasis effect of Jinfukang. 

The traditional Chinese medicine prescription, Jinfukang, which 
consists of 12 Chinese herbal medicines, has been administered in 
clinical practice for treating NSCLC patients and was approved for 
clinical application by the China Food and Drug Administration (Cas-
sileth et al., 2009; Que et al., 2020). A clinical study found that Jinfu-
kang has the advantage of inhibiting metastasis in lung cancer and 
stabilizing tumour lesions (Liu et al., 2001). Although many studies have 
confirmed that the anti-tumour mechanisms of Jinfukang may included 
induction of cell cycle arrest, apoptosis, and epigenetic regulation (Kou 
et al., 2017; Lu et al., 2018; Lu, J. et al., 2016a; Lu, J. et al., 2016b). 
However, the mechanism underlying the effect of Jinfukang on lung 
cancer metastasis especially for CTCs is still unknown. Only a study by 
Hailang et al. reported that Jinfukang could inhibit the formation and 
migration of lymphatic endothelial cells (He et al., 2016). In this regard, 
our data clearly demonstrated that Jinfukang could significantly inhibit 
the invasion and migration of lung CTCs in a concentration dependent 

manner. At the same time, the expression of MMP-2 and MMP-9 proteins 
was suppressed by Jinfukang. 

A key factor in metastasis is that CTCs are shed from primary tumors 
and enter peripheral blood to acquire anoikis resistance and to avoid 
immune killing and peripheral blood shear stress (Pantel and Speicher, 
2016). Anoikis is a special programmed cell death form induced by the 
loss of cell contact with extracellular matrix and other cells. Apoptosis 
refers to the autonomous and orderly death of cells controlled by genes. 
The ability and mechanism of tumor cells to obtain anoikis resistance 
has caused widespread concern in the scientific community. Many 
studies have shown that induction of anoikis in the primary lung cancer 
can inhibit metastasis (Busaranon et al., 2016; Wongpankam et al., 
2012). Our results show that Jinfukang could significantly induce 
anoikis in lung CTCs in vitro, and the proportion of anoikis increases with 
the increase of drug concentration. In addition, we also found that 
Jinfukang decreased the expression of p-MEK, and p-ERK in lung CTCs. 
Besides, we confirmed that Polyphyllin VII has the same effect, and it is 
the major constituent of Jinfukang (Data not shown). 

Cancer cells achieved anoikis resistance mainly through regulating 
integrin switch, epithelial-mesenchymal transition, and activation of 
pro-survival signaling (Wang, W.C. et al., 2018). Among them, existing 
studies have found that PI3K/Akt, Ras/Raf-MEK/ERK, integrin/Src and 
other signaling pathways are involved in anoikis resistance (Meng et al., 
2019). Wang and colleagues find that inhibiting integrin/Src signaling 
can reverse anoikis resistance in human gastric cancer cells (Wang, K. 
et al., 2018). Another study found that activation of integrin 
β1/FAK/ERK pathway with Crabp2 can promote lung cancer cells to 
obtain anoikis resistance and metastasis (Wu et al., 2019). Our study 

Fig. 5. Jinfukang inhibited the cell migration via Integrin/Src axis in lung cancer cells. Cells were incubated with Jinfukang (100 μg/mL), ATN-161 (10 μmol/L) or a 
combination of both for 24 h. A Western blot assay was used to measure the protein expression levels of Integrin β1, Src, and p-Src in CTC-TJH-01 (A) and H1975 (B) 
cells. GAPDH was used as an internal standard. The migration capacity of CTC-TJH-01 (C) and H1975 (D) cells was measured using transwell assays after treatment 
with Jinfukang, ATN-161 or a combination of both for 16 h. Each bar represents the mean ± SD of three separate experiments. *P < 0.05; **P < 0.01; ***P < 0.001, 
combination vs Jinfukang #P < 0.05; ##P < 0.01. 
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found that Jinfukang can induce the anoikis of lung cancer cells by 
inhibiting integrin/Src and MEK/ERK signaling pathway. Although 
Jinfukang can down-regulate the expression of integrin on CTC-TJH-01 
and H1975 cells, CTC-TJH-01 cells are more sensitive to 
Jinfukang-induced anoikis. This results show that there are some cell 
biological differences between CTCs in peripheral blood and tumor cells 
from primary tumors. In addition, we also found that Jinfukang 
inhibited the metastasis of lung cancer cells by inducing anoikis of CTCs. 
However, the inhibition of Jinfukang on lung cancer cell metastasis is 
related to the regulation of anoikis have been only confirmed in vitro, 
and further in vivo studies are needed. 

5. Conclusion 

In summary, our studies show that Jinfukang inhibit the migration 
and invasion of lung CTCs by suppress integrin/Src cascade. In addition, 
we affirmed that Jinfukang inhibit the metastasis of lung cancer cells by 
inducing anoikis of CTCs. Furthermore, when ATN-161 is combined 
with Jinfukang, it can promote Jinfukang to induce anoikis of lung 
cancer cells and inhibit cell migration. These results provide new in-
sights for understanding how Jinfukang exerts effects against lung 
cancer metastasis. 
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