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Abstract. Resistance to epidermal growth factor 
receptor (EGFR) inhibitors is of primary concern in the treat-
ment of non‑small‑cell lung cancer  (NSCLC) with EGFR 
mutations. To investigate the effects of matrine on H1975 
cells and to examine a novel, potential treatment option for 
NSCLC, the present study measured cell viability, apoptotic 
rate, interleukin 6 (IL‑6) expression and activation of the 
janus kinase (JAK) 1/signal transducer and activator of tran-
scription (STAT)3 signaling pathway in cells treated with or 
without matrine, in the presence or absence of afatinib. The 
results demonstrated that matrine treatment inhibited cell 
growth, decreased B‑cell lymphoma 2 (Bcl‑2) expression and 
induced apoptosis. Matrine treatment additionally decreased 
the mRNA and protein levels of IL‑6 and inhibited activation 
of the JAK1/STAT3 signaling pathway in H1975 cells in a 
dose‑dependent manner. H1975 cells treated with IL‑6 small 
interfering RNA exhibited a decrease in Bcl‑2 expression levels 
and cell viability. Treatment with a combination of matrine 
and afatinib demonstrated increased inhibitory effects on the 
growth rate of H1975 cells. The findings of the present study 
suggested that matrine treatment decreases IL‑6 expression, 
inhibits activation of the JAK1/STAT3 signaling pathway, 
reduces the expression levels of Bcl‑2 and inhibits cell growth. 
Furthermore, matrine treatment was demonstrated to increase 
the inhibitory effects of afatinib on H1975 cells with the T790M 
EGFR mutation.

Introduction

Non‑small‑cell lung cancer (NSCLC) represents approxi-
mately 80% of lung cancers, and is the leading cause of 
cancer death with 5‑year survival rates less than 15% (1,2). 

The epidermal growth factor receptor (EGFR, also called 
HER1), a tumour‑promoting factor  (3), plays a consider-
able role in NSCLC, especially in cells with activating 
EGFR mutations, such as L858R and exon‑19 deletion (4,5). 
EGFR expression was considered as a predictor of survival 
for first‑line chemotherapy plus cetuximab in patients with 
advanced NSCLC  (6). EGFR activation can be inhibited 
with tyrosine kinase inhibitors (TKIs), including afatinib, 
gefitinib, and erlotinib, which disrupt oncogenic cell signaling 
pathways and benefit patients with sensitizing mutations. 
Approximately 70% of patients respond initially to TKI treat-
ment but eventually develop resistance with a median time of 
10‑16 months (7). In at least 50% of these cases, the mutation 
T790M in exon 20 of EGFR arises (8). This mutation has 
been reported to reverse inactivation of the EGFR induced 
by TKIs by altering the structure of the EGFR such that the 
ability of the EGFR to bind TKIs is reduced (8). TKIs have 
also proved to induce expression of IL‑6, which activates the 
JAK1/STAT3 signaling pathway through the IL‑6 receptor 
(IL‑6R), leading to increased survival (9‑11). TKI‑dependent 
expression of IL‑6 increases expression of the transforming 
growth factor β1 (TGF‑β1) receptor and enhances TGF‑β1 
signaling, contributing to the epithelial‑mesenchymal transi-
tion (EMT) and tumor progression (12,13). Probably, it is a 
new strategy to cure NSCLC with mutation T790M in EGFR 
by inhibiting the IL‑6/JAK1/STAT3 signaling pathway. It has 
been reported that the JAK inhibitor pyridone 6 (P6) combined 
with afatinib can inhibit the growth of NSCLC cells in vitro 
and in vivo (10). TG101348, a kind of JAK2 inhibitor, also had 
the ability to overcome erlotinib‑resistance in NSCLC cells 
with mutated EGFR (14).

More recently, it has been found that matrine, an extract of 
the Chinese traditional medicine radix Sophorae flavescentis, 
has antitumor activity in vitro and in vivo. Multiple studies have 
confirmed that matrine can inhibit the proliferation of leukemia 
cells by suppressing DNA synthesis and inducing apoptosis, 
and in combination with commonly used chemotherapeutics 
can effectively reverse the drug resistance of leukemia 
cells (15,16). Matrine can also decrease the expression of IL‑6 
and activation of the IL‑6 receptor‑mediated JAK/STAT3 
signaling pathway (17‑19).

Whether matrine can inhibit activation of the JAK1/STAT3 
signaling pathway in NSCLC is still unknown. In the present 
study, we investigated the effects of matrine treatment on the 

Matrine increases the inhibitory effects of afatinib on 
H1975 cells via the IL‑6/JAK1/STAT3 signaling pathway

SHUI‑FANG CHEN,  ZE‑YING ZHANG  and  JIAN‑LI ZHANG

Respiratory Department, The First Affiliated Hospital, College of Medicine, 
Zhejiang University, Hangzhou, Zhejiang 310003, P.R. China

Received October 15, 2016;  Accepted June 8, 2017

DOI: 10.3892/mmr.2017.6865

Correspondence to: Dr Shui‑Fang Chen, Respiratory Department, 
The First Affiliated Hospital, College of Medicine, Zhejiang 
University, 79  Qingchun Road, Hangzhou, Zhejiang 310003, 
P.R. China
E‑mail: chensf@mail.hz.zj.cn

Key words: non‑small‑cell lung cancer (NSCLC), matrine, afatinib, 
IL‑6/JAK1/STAT3 signaling pathway

https://www.spandidos-publications.com/10.3892/mmr.2017.6865


CHEN et al:  THE EFFECTS OF MATRINE ON H1975 CELLS2734

growth of H1975 cells and activation of the JAK1/STAT3 
signaling pathway in the presence or absence of afatinib.

Materials and methods

Reagents. Anti‑Bcl‑2, anti‑p‑JAK1, anti‑JAK1, anti‑p‑STAT3, 
anti‑STAT3, anti‑β‑actin, anti‑cleaved caspase‑3, anti‑caspase‑3 
and HRP‑conjugated anti‑rabbit antibodies and the IL‑6 
kit were purchased from Cell Signaling Technology, Inc., 
(Danvers, MA, USA). Matrine (≥99% purity by HPLC) was 
purchased from Sigma‑Aldrich (St. Louis, MO, USA). Afatinib 
was purchased from SYNkinase (San Diego, CA, USA).

Cell culture. The T790M EGFR‑mutant NCI‑H1975 (H1975) 
cell line used in this study was obtained from the American 
Type Culture Collection (Manassas, VA, USA), and cultured 
in RPMI‑1640, supplemented with 10%  (v/v) fetal bovine 
serum (FBS) and 1% (v/v) penicillin/streptomycin (all from 
Invitrogen, Waltham, MA, USA), and incubated at 37˚C in a 
carbon dioxide incubator.

Cell viability assay. The effect of matrine on the growth of 
H1975 cells was detected with a Cell Counting Kit‑8 (CCK‑8). 
In the presence or absence of afatinib, 105 cells per well in 
a 96‑well plate were treated with or without matrine. Cell 
viability was detected after treatment with matrine or afatinib 
for 24 h. Solution containing WST‑8 [2‑(2‑methoxy‑4‑nitrop
henyl)‑3‑(4‑nitrophenyl)‑5‑(2,4‑disulfophenyl)‑2H‑tetrazolium, 
monosodium salt] was added to cells according to the manufac-
turer's instructions and absorbance was detected at 450 nm. All 
experiments were performed in triplicate.

RNA extraction and real‑time reverse transcription PCR 
(RT‑PCR). Total RNA was extracted from cells with RNAiso 
plus reagent (Takara Bio, Dalian, China) according to the 
manufacturer's instructions. RNA concentration was deter-
mined with a spectrophotometer. First‑strand cDNA was 
synthesized using a Transcriptor First Strand cDNA Synthesis 
kit (Roche Applied Science, Mannheim, Germany). The 
amplification conditions were as follows: 50˚C for 2 min and 
95˚C for 10 min, followed by 40 cycles of 95˚C for 10 sec, 
58˚C for 10 sec, and 72˚C for 10 sec. The PCR reaction was 
performed using a 7500 Fast Real‑Time quantitative PCR 
System (Applied Biosystems; Life Technologies, Foster City, 
CA, USA). The primer sequences for real‑time PCR of IL‑6 
were 5'‑CAC​TCA​CCT​CTT​CAG​AAC​GAA​T‑3' and 5'‑TTT​
GTA​CTC​ATC​TGC​ACA​GCT​C‑3', and the primer sequences 
for the internal control were 5'‑CCA​GAG‑CAA​GAG​AGG​CAT​
CCT‑3' and 5'‑TAG​ATG​GGC​ACA​GTG​TGG​GTG​A‑3' (20). 
RNA levels were determined with the 2ΔΔCt method.

Apoptosis assay. Cell death was detected by flow cytometry 
with Annexin V‑fluorescein isothiocyanate, according to the 
manufacturer's instructions (BD Biosciences, San Jose, CA, 
USA). Briefly, 1x106 cells were plated in six‑well plates for 24 h 
followed by treatment with matrine or afatinib for 24 h prior 
to Annexin V and propidium iodide (PI) staining (FACSAria; 
BD Biosciences). For each dye, appropriate electronic 
compensation of the FACSAria sorter was performed to avoid 
overlapping of the two emission spectra.

Enzyme‑linked immunosorbent asssay (ELISA). Supernatant 
was prepared from H1975 cells treated with or without matrine 
in the presence or absence of afatinib for 24 h. The content of 
IL‑6 from the supernatant was detected using IL‑6 ELISA kit 
(Sigma‑Aldrich).

Western blot analysis. Cells were dissolved in lysis buffer and the 
lysate was centrifuged at 10,000 x g at 4˚C for 30 min after incu-
bation on ice for 50 min. Lysate of equal concentration measured 
with the BCA kit was subjected to 12% (w/v) sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE) and 
transferred to polyvinylidene fluoride  (PVDF) membrane 
(Amersham Hybond™ P; GE Healthcare Bio-Sciences, 
Pittsburgh, PA, USA). After blocking in 5% (w/v) skimmed milk 
or bovine serum albumin (BSA), membranes were incubated 
with anti‑Bcl‑2 (1:1,000), anti‑p‑JAK1 (1:1,000), anti‑JAK1 
(1:1,000), anti‑p‑STAT3 (1:1,000), anti‑STAT3 (1:1,000), 
anti‑cleaved caspase‑3 (1:1,000), anti‑caspase‑3 (1:1,000), or 
anti‑β‑actin (1:2,000) antibodies, followed by incubation with 
the appropriate secondary antibody for 1 h at room tempera-
ture. Finally, proteins were detected by chemiluminescence 
(PerkinElmer Life and Analytical Sciences, Inc., Massachusetts, 
MA, USA).

Small interfering RNA (siRNA). H1975 cells were transfected 
with IL‑6 siRNA (sc‑39627; Santa Cruz Biotechnology, Inc., 
Paso Robles, CA, USA) or negative control siRNA (sc‑37007; 
Santa Cruz Biotechnology, Inc.) using Lipofectamine 2000 
(Invitrogen). Under subconfluent conditions, transfection 
reagents with 12 pmol of siRNA and 16 µl of Lipofectamine 
2000 in a final volume of 1.6 ml with Opti‑MEM I (Invitrogen) 
were added to each flask, and incubated for 48 h prior to treat-
ment with matrine.

Tumor xenograft studies. H1975 cells were harvested and 
resuspended in serum‑free media, and 5x106 cells were injected 
subcutaneously under the back skin of 5‑to‑6‑week‑old male 
BALB/c nude mice. The mice were treated with or without 
matrine (5  g/kg) in the presence or absence of afatinib 
(5 mg/kg) formulated in saline by intraperitoneal injection 
once daily for 4  weeks. Tumor volume was estimated 
once every 3 days for 4 weeks with the following formula:  
volume = l x w2 x 0.536, where l and w are perpendicular 
measured diameters. All treatments on animals were in 
accordance with the ethical standards.

Statistical analysis. Data are represented as means ± standard 
error of the mean (SEM) of three independent experiments 
and analyzed using the Student's t‑test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Matrine inhibits the growth of H1975 cells by inducing apop‑
tosis. H1975 cells are resistant to TKIs because of the T790M 
mutation in the EGFR. To explore the effects of matrine on the 
growth of H1975 cells, cell viability was assessed with the Cell 
Counting Kit‑8 (CCK‑8) assay. Our results indicated that matrine 
inhibits the growth of H1975 cells in a dose‑dependent manner 
with an IC50 value of approximately 2 mM (Fig. 1B). Cell viability 
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is dependent on cell proliferation and cell death. Here, matrine 
treatment induced apoptosis and cleavage of caspase‑3 in H1975 
cells (Fig. 2A‑C). In addition, expression of the anti‑apoptotic 
protein B‑cell lymphoma 2 (Bcl‑2) decreased in H1975 cells 
treated with matrine (Fig. 2C). Our results indicate that matrine 
inhibits growth of H1975 cells, likely due to the decrease to Bcl‑2 
expression and the resulting increase in apoptosis.

Matrine inhibits the IL‑6/JAK1/STAT3 signaling pathway in 
H1975 cells. The JAK1/STAT3 signaling pathway can result in 
several biological reactions that prevent apoptosis. To explore 
whether matrine treatment impacts the JAK1/STAT3 signaling 
pathway in H1975 cells, we measured the phosphorylation of 

JAK1 and STAT3 by western blot analysis following treatment 
with different concentrationsof matrine. Our results demon-
strate that matrine decreased the levels of phosphoryalted 
JAK1 (p‑JAK1) and phosphoryalted STAT3 (p‑STAT3) in 
a dose‑dependent manner, thus inhibiting the JAK1/STAT3 
signaling pathway (Fig. 3A). The binding of IL‑6 to its receptor, 
IL‑6R, contributes to the phosphorylation of JAK1 and activa-
tion of the JAK1/STAT3 signaling pathway. To explore whether 
IL‑6 is associated with inhibition of JAK1/STAT3 signaling, 
we determined IL‑6 levels with real‑time reverse transcription 
(RT‑PCR) and an enzyme‑linked immunosorbent assay (ELISA) 
in H1975 cells treated with various concentrations of matrine. 
We observed that matrine treatment results in a decrease in the 

Figure 1. Effects of matrine treatment on viability of H1975 cells. (A) Structure of matrine. (B) Cell viability was measured using a Cell Counting Kit‑8 
(CCK‑8) assay and shown by the absorbance at 450 nm after treatment with various concentrations of matrine for 24 h. Data are representative of three 
independent experiments and expressed as means ± standard error of the mean (SEM). ***P<0.001 compared with control.

Figure 2. Effects of matrine treatment on apoptosis in H1975 cells. (A) Apoptosis was detected by Annexin V‑FITC and propidium iodide (PI) staining in 
H1975 cells treated with matrine. (B) Graph of (A). (C) Protein levels of Bcl‑2, cleaved caspase‑3, and total caspase‑3 were detected by western blot analysis  
in H1975 cells treated with various concentrations of matrine for 24 h. β‑actin is included as a loading control. Data are representative of three independent 
experiments and expressed as means ± SEM. ***P<0.001 compared with control.
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mRNA and protein levels of IL‑6 in a dose‑dependent manner 
(Fig. 3B and C).

Matrine induces apoptosis by regulating the IL‑6/JAK1/STAT3 
signaling pathway in H1975 cells. To investigate whether 
matrine treatment inhibits the growth of H1975 cells via the 
IL‑6/JAK1/STAT3 signaling pathway, we targeted IL‑6 with 
siRNA to evaluate the role of IL‑6/JAK1/STAT3 signaling 
in matrine‑induced apoptosis by real‑time RT‑PCR. Our 
results demonstrated that treatment with siRNA targeting 
IL‑6, which markedly reduces the levles of IL‑6 mRNA 
and protein (Fig. 4A and B), influenced the phosphorylation 
of JAK1 and STAT3 and the expression of Bcl‑2, ultimately 
inhibiting cell growth (Figs. 4C and 5). To explore whether 
IL‑6 is involved in matrine‑induced apoptosis through the 
JAK1/STAT3 signaling pathway in H1975 cells, we also 
assessed molecular signal, apoptosis and cell viability in 
H1975 cells treated with or without IL‑6 siRNA in the pres-
ence or absence of matrine. Our data demonstrated that IL‑6 

siRNA could not enhance inactivation of the JAK1/STAT3 
signaling pathway and apoptosis in H1975 cells treated with 
matrine (Figs. 4C and 5A and B). Therefore, matrine treatment 
inhibits growth of H1975 cells via the IL‑6/JAK1/STAT3 
signaling pathway, decreases the expression of Bcl‑2, and 
induces apoptosis.

Combined treatment with afatinib and matrine has a 
greater effect on H1975 cells. We have seen that afatinib 
treatment not only decreases the viability of H1975 cells, 
but also induces the expression of IL‑6 and activation of the 
JAK1/STAT3 signaling pathway (Fig. 6A‑C). Activation of 
the IL‑6/JAK1/STAT3 signaling pathway likely increases the 
resistance of H1975 cells to afatinib. To investigate whether 
matrine can inhibit activation of the IL‑6/JAK1/STAT3 
signaling pathway stimulated by afatinib (IC50 value of 1 µM) 
in H1975 cells, the expression of IL‑6 and phosphorylation 
of JAK1 and STAT3 were detected by western blot and 
ELISA in H1975 cells treated with matrine and afatinib. 

Figure 3. Effects of matrine treatment on the JAK1/STAT3 signaling pathway and IL‑6 levels in H1975 cells. (A) Protein levels of p‑JAK1 and p‑STAT3 in 
H1975 cells treated with various concentrations of matrine for 24 h were detected by western blot analysis. (B) mRNA expression of IL‑6 in H1975 cells treated 
with matrine for 24 h was detected using real‑time RT‑PCR. (C) Protein levels of IL‑6 from the supernatant of H1975 cells treated with different concentra-
tions of matrine were detected by enzyme‑linked immunosorbent assay (ELISA). β‑actin was included as an mRNA and protein loading control. Data are 
representative of three independent experiments and expressed as means ± SEM. **P<0.01 and ***P<0.001 compared with control.

Figure 4. Effects of matrine treatment on the IL‑6/JAK1/STAT3 signalign pathway in H1975 cells treated with IL‑6 siRNA. (A) Transcriptional expression 
of IL‑6 in H1975 cells treated with or without IL‑6 siRNA was detected by real‑time RT‑PCR. (B) Protein levels of IL‑6 from the supernatant of H1975 cells 
treated with or without IL‑6 siRNA were detected by ELISA. (C) Protein levels of p‑STAT3 and Bcl‑2 in H1975 cells treated with or without IL‑6 siRNA in 
the presence or absence of 2 mM matrine were detected by western blot. β‑actin was included as an mRNA and protein loading control. Data are representative 
of three independent experiments and expressed as means ± SEM. 
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Our results demonstrated that matrine can inhibit activa-
tion of the IL‑6/JAK1/STAT3 signaling pathway induced 
by afatinib and can also increase the inhibitory effects of 
afatinib on H1975 cells resulting from the increased rate of 
apoptosis (Fig. 7A‑C). To explore whether matrine can also 
inhibit the growth of H1975 cells in  vivo, we performed 
tumor xenograft studies. Treatment with afatinib and matrine 
decreased the tumor volume more dramatically than matrine 
or afatinib alone (Fig. 8). Therefore, matrine increased the 

toxicity of afatinib by regulating the IL‑6/JAK1/STAT3 
signaling pathway, and by decreasing the expression of Bcl‑2 
and the resistance of H1975 cells to afatinib.

Discussion

Mutations occur in NSCLC cells and result in resistance to EGFR 
inhibitors (TKIs), such as EGFR C797S mutation happened in 
NSCLC, which was resistant to AZD9291 (21). These mutations, 

Figure 6. Effects of afatinib treatment on apoptosis and the IL‑6/JAK1/STAT3 signaling pathway in H1975 cells. (A) Cell viability was measured with the 
CCK‑8 assay and shown by the absorbance at 450 nm following treatment with various concentrations of afatinib for 24 h. (B) Protein levels of IL‑6 from the 
supernatant of H1975 cells treated with or without 1 µM afatinib were detected by ELISA. (C) Activation of the JAK1/STAT3 signaling pathway was detected 
in H1975 cells in the presence or absence of 1 µM afatinib by western blot. β‑actin was included as an mRNA and protein loading control. Data are representa-
tive of three independent experiments and expressed as means ± SEM. **P<0.01, and ***P<0.001 compared with control.

Figure 5. Effects of matrine treatment on apoptosis and viability of H1975 cells treated with IL‑6 siRNA. (A) Apoptosis was determined by Annexin V‑FITC 
and PI staining in H1975 cells treated with 2 mM matrine or IL‑6 siRNA. (B) Graph of (A). (C) The inhibitory effects of IL‑6 siRNA on the growth of H1975 
cells treated with or without 2 mM matrine were measured with the CCK‑8 assay and shown by the absorbance at 450 nm. Data are representative of three 
independent experiments and expressed as means ± SEM. **P<0.01 and ***P<0.001 compared with control. #P<0.05 compared with the group treated with 
matrine in the absence of IL‑6 siRNA.
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especially the T790 M mutation, are a threat to patients with 
NSCLC (7,8). It is important to overcome EGFR (T790M) 
resistance in NSCLC (22). Consequently, understanding the 
mechanism by which the mutated EGFR acquires resistance to 
TKI treatment will be important for the development of new 
therapies to cure NSCLC or prevent further progression of the 
disease. It has been suggested that the T790M mutation changes 
the structure of the EGFR, inhibiting its ability to bind TKIs, 
thus decreasing the inhibitory effects of TKIs on EGFR activa-
tion (8). It has been shown recently that TKIs can activate several 
signaling pathways, including the JAK1/STAT3 pathway, by 
inducing expression of IL‑6, which results in a decline to TKI 
toxicity and an increase in the survival of NSCLC cells with 
the T790M mutation (9‑11). The IL‑6/JAK1/STAT3 signaling 
pathway, stimulated by TKIs such as afatinib, can also promote 
the EMT, thereby increasing cancer cell migration, invasion, and 
ultimately metastasis (12,13). Inhibiting the expression of IL‑6 
or inactivating the JAK1/STAT3 signaling pathway has been 

reported to increase the toxicity of TKIs toward TKI‑resistant 
NSCLC cells  (10,14,23). Targeting the IL‑6/JAK1/STAT3 
signaling pathway will be an important strategy for the treat-
ment of patients with TKI‑resistant NSCLC.

Matrine is an alkaloid prepared from the leguminous plant 
radix Sophorae flavescentis. It plays an important role in the 
regulation of IL‑6 expression and activation of the JAK1/STAT3 
signaling pathway (17‑19,24). A number of previous studies 
have reported the effects of matrine on NSCLC cells with 
the T790M mutation, including H1975 cells, in the presence 
or absence of a TKI. However, there remain some questions 
as to whether matrine can inhibit the expression of IL‑6 or 
promote inactivation of the JAK1/STAT3 signaling pathway in 
H1975 cells stimulated by afatinib, and whether a combination 
of matrine and afatinib can further inhibit H1975 cells.

In the present study, we determined the effect of matrine 
treatment on the growth of H1975 cells treated without afatinib 
with the CCK‑8 assay. Our results demonstrated that matrine 
reduces the viability of H1975 cells, likely due to the decreased 
expression of Bcl‑2 and increased rate of apoptosis. Activation 
of the JAK1/STAT3 signaling pathway was detected by western 
blot and we found that matrine treatment inhibited phosphoryla-
tion of JAK1 and STAT3 in a dose‑dependent manner.

IL‑6 participates in activation of the JAK1/STAT3 
signaling pathway by binding the IL‑6 receptor complexed 
with glycoprotein 130  (gp130). Our results indicated that 
matrine treatment decreased IL‑6 protein levels as a result of 
its dose‑dependent inhibition of IL‑6 transcription. To identify 
inactivation of the JAK1/STAT3 signaling pathway as a result of 
IL‑6 inhibition and the role of the IL‑6/JAK1/STAT3 pathway 
in matrine‑induced apoptosis in H1975 cells, we targeted IL‑6 
with siRNA. Down regulation of IL‑6 by siRNA inhibited 
phosphorylation of JAK1 and STAT3. However, IL‑6 siRNA 
could not enhance inactivation of the JAK1/STAT3 signaling 
pathway, inhibition of Bcl‑2 expression, or apoptosis in H1975 
cells treated with matrine. In summary, matrine inhibits the 
IL‑6/JAK1/STAT3 signaling pathway and decreases Bcl‑2 
expression, causing an increased rate of apoptosis and a 
decline in the viability of H1975 cells.

We then studied whether matrine treatment significantly 
inhibited H1975 cells stimulated by afatinib. Our results 

Figure 7. Effects of matrine and afatinib treatment on the growth of H1975 cells in vitro. (A) Protein levels of IL‑6 from the supernatant of H1975 cells treated 
with or without 1 µM afatinib in the presence or absence of 2 mM matrine were detected by ELISA. (B) Protein levels of p‑JAK1 and p‑STAT3 were detected 
by western blot prepared from H1975 cells incubated with 1 µM afatinib combined with 2 mM matrine. (C) Effects of of afatinib and matrine treatment on the 
growth of H1975 cells were measured with the CCK‑8 assay and shown by the absorbance at 450 nm. β‑actin was included as an mRNA and protein loading 
control. Data are representative of three independent experiments and expressed as means ± SEM. *P<0.05, **P<0.01, and ***P<0.001 compared with control. 
##P<0.01 compared with the group treated with afatinib in the absence of matrine.

Figure 8. Effects of matrine and afatinib treatment on the growth of H1975 
cells in vivo. After 5x106 cells were injected subcutaneously under the back 
skin of 5‑to‑6‑week‑old male BALB/c nude mice, mice were treated with 
or without matrine (5 g/kg) in the presence or absence of afatinib (5 mg/kg) 
formulated in saline by intraperitoneal injection once daily for 4 weeks 
and tumor volume was estimated once every three days with the formula: 
volume = l x w2 x 0.536, where l and w are perpendicular measured diameters. 
Data are expressed as means ± SEM. *P<0.05, **P<0.01.
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indicated that treatment with both matrine and afatinib can 
trigger apoptosis of H1975 cells and that matrine treatment can 
inhibit the IL‑6/JAK1/STAT3 pathway induced by afatinib, 
thus increasing the inhibitory effects of afatinib. In addition, 
treatment with both matrine and afatinib had a more dramatic 
inhibitory effect on mouse tumor volume in vivo.

We found that matrine could enhance the toxicity of 
afatinib toward H1975 cells harboring the T790M mutation 
by suppressing activation of the IL‑6/JAK1/STAT3 signaling 
pathway induced by afatinib. Treatment with both matrine and 
afatinib will likely be successful for patients of NSCLC with 
the T790M mutation.
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