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MICA enhances sensitivity to cisplatin in patients with extensive
small cell lung cancer via downregulation of ABCG2
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Abstract. Immunotherapy utilizing natural killer cell‑activated
receptor natural‑killer group‑2 member D ligands (NKG2DLs)
has had preclinical success in the treatment of small cell
lung cancer. The present study aimed to investigate the association between NKG2Ls and chemoresistance. The mRNA
expression of six NKG2DLs associated with progression‑free
survival time (PFS) and first‑line chemotherapy were assessed
in the present study. Major histocompatibility complex class I
polypeptide‑related sequence A (MICA)‑overexpressing
NCI‑H446 cell line was constructed, and the mRNA
expression levels of 11 genes associated with chemotherapy
sensitivity were determined. The results demonstrated that
MICA was positively and significantly associated with PFS.
Furthermore, MICA expression was 1.6 times higher in
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patients with prolonged PFS compared with the rapid chemoresistance group. ATP binding cassette subfamily G member 2
(ABCG2) mRNA expression was associated with chemotherapy resistance and significantly downregulated in the cell
line overexpressing MICA. Moreover, following addition of
nicardipine (an ABCG2 inhibitor), chemotherapeutic sensitivity increased in the MICA‑overexpressing cell line. Taken
together, the results of the present study suggested that MICA
may enhance the chemosensitivity of patients with extensive
small cell lung cancer by downregulating ABCG2.
Introduction
Lung cancer is a malignant tumor with extremely high
incidence (36.71 per 100,000) and mortality rates (28.49 per
100,000) in China in 2018 (1). Small cell lung cancer (SCLC)
is a common subtype of lung cancer. Currently, 4‑6 cycles
of platinum‑based chemotherapy (cisplatin or carboplatin)
remains the primary treatment option for patients with
extensive SCLC (2). Despite recent advancements in novel
chemotherapy regimens and improvements in the use of
immunotherapy, >75% of patients with SCLC relapse within
6 months (3), and the overall 5‑year survival rate of patients
with SCLC remains <15% (4,5). Immunotherapy has gained
recent interest as a validated clinical treatment for several types
of cancer, including SCLC (6). However, given that immunotherapy is not a first‑line treatment for SCLC, the majority of
patients who receive immunotherapy have previously undergone chemotherapy several times (7). Thus, understanding the
association between chemotherapy and immunity is of great
importance.
Natural killer (NK) cells serve a critical role in the tumor
cell immune response and their function is regulated via signals
initiated by a variety of activating and inhibitory receptors on
NK cells (8). NK cell‑activated receptor natural‑killer group‑2
member D (NKG2D) is expressed on all NK cells (9). NKG2D
ligands (NKG2DLs), as homologues of major histocompatibility complex (MHC) I molecules in human tissues, include
two families: MHC I chain‑related proteins (MICs) (10,11) and
UL16‑binding proteins (ULBPs) (12,13). MHC class I polypeptide‑related sequence A (MICA) is predominantly expressed in
epithelial‑derived tumor cells, including lung, breast, renal and
ovarian cancer cells, as well as in certain melanoma cells (14).
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The combination of NKG2D with MICA on the tumor surface
can directly activate NK cells and enhance the killing activity
of NK cells against tumor cells (15). Simultaneously, NKG2D,
which recognizes non‑MHC class I molecules, serves a crucial
role in mediating the immune response of NK cells when
recognizing and attacking tumor cells (16). Downregulation
of NKG2D decreases the sensitivity of NK cells to lung cancer
cells, following MHC‑I deletion. Furthermore, a previous study
have that the expression of these ligands are associated with
enhanced antibody‑dependent cell‑mediated cytotoxic activity,
which is one of the fundamental molecular mechanisms underlying the antitumor effect of antibody therapeutics (17). This
topic is of considerable interest as the potential to manipulate
NKG2DL expression may offer promise in the future treatment of different types of tumor.
To the best of our knowledge, limited research has focused
on the association between chemotherapy and ligands. Thus,
the present study aimed to investigate the expression of
NKG2DLs in tissue samples of patients with SCLC to determine the association between NKG2DLs and chemoresistance.
Materials and methods
Clinical characteristics and data collection of patients. The
present study was approved by the Ethics Committee of
Zhengzhou University (approval no. 2014079), and performed
in accordance with The Declaration of Helsinki. Written
informed consent was provided by all patients prior to
study enrolment. Biopsy tissue samples were collected from
115 patients with advanced SCLC who received platinum‑based
chemotherapy at The Affiliated Cancer Hospital of Zhengzhou
University (Zhengzhou, China), between January 2014 and
March 2018. The median age of the patients with advanced
SCLC who were included in the study was 65.32 years (range,
56.25‑77.14 years), of which 78 (67.83%) were male and 37
(32.17%) were female. Histological diagnosis was based on
H&E and immunohistochemical staining, according to the 2015
World Health Organization criteria (18). The inclusion criteria
were as follows: i) Patients clinically diagnosed with SCLC;
ii) patients ≥18 years old; iii) patients diagnosed by biopsy; and
iv) patients pathologically diagnosed with advanced SCLC.
Patients who had a history of other malignant tumors, or who
had previously received radiotherapy or chemotherapy were
excluded from the present study. The clinical characteristics of
patients with SCLC are presented in Table I.
Imaging examination (chest‑abdomen CT and head MRI)
was performed regularly every two chemotherapy cycles until
tumor progression was observed. Routine blood examination,
assessment of liver‑kidney function and ECG prior to chemotherapy were performed for each patient. Chemotherapy response
was evaluated according to the Response Evaluation Criteria in
Solid Tumors (version 1.1) (19). Progression‑free survival (PFS)
was measured following first‑line chemotherapy. PFS was defined
from the beginning of chemotherapy until disease progression
or mortality from any cause. The method of follow‑up was via
regular outpatient assessment every 3 weeks. The follow‑up
period was between 1st February 2014 and 31st March 2018.
Reverse transcription‑quantitative (RT‑q)PCR. Fresh lung
puncture tissue samples were immediately immersed in

RNAlater Stabilization reagent (Qiagen AB) and stored at
‑20˚C until RNA extraction. Total RNA was extracted using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. Total RNA (1 µg)
was reverse transcribed into cDNA using a OneStep RT‑PCR
kit, according to the manufacturer's protocol (Tiangen Biotech
Co., Ltd.). Temperature protocol were carried out at 25˚C
for 5 min and 42˚C for 30 min and 85 for 5 min. qPCR was
subsequently performed to determine the mRNA expression
of the six selected NKG2DLs [MICA, MHC class I polypeptide‑related sequence B (MICB), UL16‑binding proteins 1
(ULBP1), UL16‑binding proteins 2 (ULBP2), UL16‑binding
proteins 3 (ULBP3), UL16‑binding proteins 4 (ULBP4)] (14)
or 11 selected genes according to previous research
[ATP binding cassette subfamily B member 1 (ABCB1),
ATP binding cassette subfamily C member 1 (ABCC1),
ATP binding cassette subfamily C member 2 (ABCC2), ATP
binding cassette subfamily G member 2 (ABCC2), ATP
binding cassette subfamily C member 9 (ABCC9), dihydropyrimidine dehydrogenase (DPYD), glutathione S‑transferase θ1
(GSTT1), glutathione S‑transferase π 1 (GSTp1), glutathione
S‑transferase mu 1 (GSTM1), alcohol dehydrogenase 1A
class I α polypeptide (ADH1A), peroxisome proliferator activated receptor α, (PPARA)] (20,21), using FastStart Universal
SYBR Green Master mix (Roche Diagnostics GmbH) on a
StepOne Plus real‑time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). 115 patients' whole blood
samples were used as the control. The primer sequences used
for qPCR are listed in Table S1, and the final concentration of
each primer in a reaction was 0.5 µM. The following thermocycling conditions were used for qPCR: Initial denaturation
at 95˚C for 3  min; 35 cycles of amplification (denaturation at
95˚C for 30  sec, annealing at 60˚C for 30  sec, elongation at
72˚C for 20 sec) and a final elongation at 68˚C for 10  min. Data
were analyzed with the 2‑ΔΔCq method (22).
Cell culture. The NCI‑H446 cell line, which was kindly
provided by Dr ZeLai He from Medical Oncology of The
First Affiliated Hospital of Bengbu Medical College (Bengbu,
China), was cultured in RPMI‑1640 complete medium
(HyClone; GE Healthcare Life Sciences) supplemented with
10% FBS, 2 mM glutamine, 100 µg/ml streptomycin and
100 U/ml penicillin (Invitrogen; Thermo Fisher Scientific,
Inc.) at 37˚C and 5% CO2.
Overexpression of MICA. The full‑length MICA gene
(Shanghai GeneChem Co., Ltd.) was subcloned into the
pCDH‑ CMV‑MCS lentivector (System Biosciences,
https://systembio.com/shop/pcdh‑cmv‑mcs‑cdna‑single‑prom
oter‑cloning‑and‑expression‑lentivector/), between the NheI
and SalI sites. The infectious lentiviral particles were generated and concentrated as previously described (21). A total of
2x105 NCI‑H446 cells were transduced with the recombinant
lentivirus carrying the human MICA gene or an empty vector
to generate the stable MICA‑overexpressing cells (OE‑MICA)
or control cells (VC‑MICA), respectively.
MTT assay. To assess the chemosensitivity of tumor cells,
cell viability was measured via an MTT assay (Promega
Corporation). Cell suspensions were cultured in RPMI‑1640
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Table I. Clinical characteristics of patients with small cell lung cancer (n=115).
Characteristic

Patient, n

Cases, %

mPFS time, months ± SD

Total, n
115		
6.29±2.24
Sex				
Male
78
67.83
6.02±1.78
Female
37
32.17
6.75±1.90
Age, years 				
<57
77
66.96
6.34±2.03
≥57
38
33.04
5.97±1.35
Smoker				
Never
46
40.00
6.38±2.27
Previous/Current
69
60.00
5.82±1.75
Metastasis site				
Brain
21
18.26
5.73±1.68
Liver
18
15.65
4.44±1.93
Distant lymphoid
35
30.43
6.60±2.11
Othersc
41
35.65
7.20±1.96

P‑value
0.063
0.034
0.045

<0.001b
0.026a
0.045a

P<0.05 (liver vs. brain), bP<0.001 vs. others. cOthers include bone, pleura, adrenal gland, etc. mPFS, median progression‑free survival.

a

medium (Thermo Fisher Scientific, Inc.) in 96‑well flat‑bottomed
microtiter plates at a density of 1x104 cells/well and incubated
overnight at 37˚C. For the nicardipine combination experiment, the concentration of nicardipine (Sigma‑Aldrich; Merck
KGaG) in the culture medium was adjusted to 10 µM and
incubated at 37˚C for 15 min in advance.
The following concentrations of cisplatin (Sigma‑Aldrich;
Merck KGaG) were used: 10‑7 M, 10‑6 M, 10‑5 M, 10‑4 M and
10 ‑3 M. All experiments were performed in triplicate, for
each concentration. NCI‑H446 cells cultured in RPMI‑1640
medium were used as the blank controls. MTT solution was
added (1 mg/ml per well) and incubated at 37˚C for 48 h.
Cell viability was subsequently analyzed at a wavelength
of 590 nm, using a spectrophotometric microplate reader
(Bio‑Rad Laboratories, Inc.). The response percentage of cell
viability to different drug concentrations was calculated as the
inhibition rate (average absorbance of treatment wells/control
wells x100%).
Western blotting. Cell or tumor lysates were obtained and equal
amounts of protein lysates from each sample were diluted
with loading buffer, denatured, and separated by 10% sodium
dodecyl sulfate‑polyacr ylamide gel electrophoresis
(SDS‑PAGE) followed by protein transfer to polyvinylidene
fluoride membranes (PVDF). After incubation in a blocking
solution (5% nonfat milk powder) in TBST buffer (10 mM
Tris‑HCl, pH 8.0, 150 mM NaCl, and 0.1% Tween‑20) for 1 h
at room temperature, the membranes were immunoblotted
overnight with primary monoclonal antibodies (Abs) against
either ABCG2 (Santa Cruz Biotechnology Inc.) or Actin at a
1:1,000 dilution at 4˚C. The membranes were then incubated
for 2 h at room temperature with the appropriate secondary
antibody (1:1,000 dilution). The protein antibody complex
was detected by an enhanced chemiluminescence detection

system. The protein expression was quantified by ImageJ
software (http:/rsbweb.nih.gov/ij/).
GeneMANIA prediction. GeneMANIA datasets (http://genemania.org) were downloaded from to show the interaction
between 17 genes, including the six selected NKG2DLs (MICA,
MICB, ULBP1, ULBP2, ULBP3, ULBP4) (14) or 11 selected
genes according to previous research (ABCB1, ABCC1,
ABCC2, ABCC2, ABCC9, DPYD, GSTT1, GSTp1, GSTM1,
ADH1A, PPARA) (20,21), including: Co‑expression data from
Gene Expression Omnibus (23); physical and genetic interaction data from Biological General Repository for Interaction
Datasets (BioGRID) (24); predicted protein interaction data,
based on orthology, from I2D (25) and pathway and molecular
interaction data from Pathway Commons, which contains data
from BioGRID (24), Memorial Sloan‑Kettering Cancer Center,
Human Protein Reference Database (26), HumanCyc (27),
Systems Biology Center New York, IntAct (28), MINT (29),
NCI‑Nature Pathway Interaction Database (30) and
Reactome (31,32).
Statistical analysis. Statistical analysis was performed using
SPSS software (version 19; IBM Corp.). Associations between
NKG2DLs and PFS were assessed using the coefficient of
determination (R2). The half maximal inhibitory concentration (IC50) values were calculated using a non‑linear regression
model within GraphPad Prism software (version 6.0; GraphPad
Software Inc.). Pearson's correlation analysis was performed
the correlation analysis of NKG2DLs and PFS. Unpaired
Student's t‑tests were used to compare differences between
two groups, while one‑way ANOVA followed by Bonferroni's
correction was used to compare cell viability between multiple
groups, at 10 µmol/l of carboplatin. P<0.05 (two‑tailed) was
considered to indicate a statistically significant difference.
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Results
Clinical information of patients with extensive SCLC. The age
range of the 115 patients with extensive SCLC was between
46.5 to 68.9 years and the total median PFS (mPFS) associated
with first‑line chemotherapy was 6.29±2.24 months. There
were 78 men (67.83%) and 37 women (32.17%) in the study
group. There were no significant differences between the two
groups according to the median age (57 years; 77 patients <57
and 38 patients ≥57). There were 69 smokers (60.00%). As
presented in Table I, smoking and metastasis site were significantly associated with the mPFS in relation to chemotherapy.
The location of tumor metastasis was significantly
associated with the efficacy of chemotherapy and the rates
of metastasis to the brain, liver and lymph nodes were
substantially different compared with other sites, including
bone, pleura and adrenal gland. The mPFS of patients with
liver metastasis (4.44±1.93 months) was the least favorable,
even shorter than that of patients with brain metastasis, as
presented in Table I.
MICA prolongs the PFS time associated with chemotherapy. To
detect the mRNAs of six NKG2DLs, the present study used paracancerous tissues as a control. Pre‑treatment NKG2DL levels
were determined in the tumor tissue samples of 115 patients with
SCLC. The results indicated that MICA was closely associated
with PFS time in patients treated with first‑line chemotherapy
(Pearson r=0.4496; P<0.0001; Fig. 1A). However, no significant
associations were observed between PFS and the other five
NKG2DLs. As presented in Fig. 1, the Pearson r values of
MICB, ULBP1, ULBP2, ULBP3 and ULBP4 were ‑0.0506,
0.0171, 0.0120, 0.0277 and 0.1156, respectively (all P>0.05).
Clinically, a small number of patients with drug‑resistant SCLC
relapse <3 months after the first treatment, which is defined
as rapid chemoresistance (QCR) (33). In the present study, the
20 patients with the shortest PFS time were classified as having
QCR, while the 20 patients with the longest PFS time were
classified as having delayed chemotherapy resistance (DCR).
The expression of the NKG2DLs were subsequently analyzed
in these two groups of patients and the results demonstrated that
MICA expression was significantly increased in the DCR group,
in which MICA expression was 1.6 times higher compared with
the QCR group (DCR, 1.5549±0.4506 vs. QCR, 1.0000±0.3557;
P<0.0001; Fig. 1G). However, the other NKG2DLs failed to
demonstrate any significant differences between the two groups.
MICA significantly increases the sensitivity of tumor cells
to platinum chemotherapy. MICA may improve the PFS of
patients with SCLC, treated with chemotherapy; however,
further investigations are required to verify whether this is
caused by increased chemosensitivity. Thus, the present study
constructed a NCI‑H446 cell line which overexpressed MICA
and verified the effect of MICA overexpression (Fig. S1).
RT‑qPCR analysis demonstrated that MICA expression in the
overexpressed cell line was 3.103 times higher compared with
the control group (P<0.001; Fig. 2A).
Chemosensitivity of MICA‑OE cells to carboplatin
and cisplatin was subsequently assessed, with vector‑only
cells as the control. Overexpression of MICA significantly
increased NCI‑H446 chemosensitivity to cisplatin (Fig. 2B).

The IC50 value of cisplatin in NCI‑H446 cells significantly
decreased (vector cells, 9.279±3.931 µmol/l vs. MICA‑OE
cells, 5.908±2.775 µmol/l; Fig. 2D). Furthermore, the chemosensitivity of MICA‑OE cells to carboplatin also significantly
increased. The IC50 value of carboplatin in the MICA‑OE cells
was 6.351±1.225 µmol/l, while the IC50 value of carboplatin
in the vector cells was 51.824±6.924 µmol/ (Fig. 2C and D).
The results demonstrated that the IC50 value significantly
decreased with overexpression of MICA, thus suggesting that
MICA may increase the sensitivity of tumor cells to cisplatin
and carboplatin.
ABCG2 serves a vital role in regulating the chemotherapy
sensitivity induced by MICA. To understand the molecular
mechanism by which MICA enhances chemosensitivity, the
present study assessed the mRNA expression of 11 genes
associated with chemosensitivity according to our previous
research include: ABCB1, ABCC1, ABCC2, ABCG2,
ABCC2, ABCC9, DPYD, GSTT1, GSTp1, GSTM1, ADH1A,
PPARA (20). The primer sequences of the associated genes
are listed in Table S1. The results demonstrated that overexpressing MICA downregulated the mRNA expression of
ABCG2, ADH1 and GSTT1; however, no significant differences were observed in the mRNA levels of the other genes
(ABCB1, ABCC1, ABCC2, ABCC9, DPYD, GSTT1, GSTp1
and GSTM1) (Fig. 3A). According to the GeneMANIA
analysis, there is a complex interaction network between the
NKG2DLs and chemotherapeutic sensitivity‑associated genes
(Fig. 3B). Western blot analysis was performed to determine
the protein expression levels of ABCG2, ADH1 and GSTT1 in
MICA‑OE cells compared with the vector group. The results
demonstrated that ABCG2 protein expression significantly
decreased in the MICA‑OE group compared with the control
(Fig. 3C); however, there was no significant differences in
ADH1 and GSTT1 protein expression between the two groups
(Fig. 3D and E). ImageJ quantitative analysis of the western
blots demonstrated that ABCG2 protein expression significantly decreased in the MICA‑OE group compared with the
control (Fig. 3F).
The results of western blotting were subsequently validated
via chemosensitivity testing. ABCG2 blockers (nicardipine)
was also added in order to clarify the role of ABCG2 in
MICA chemotherapy sensitization (34). First, the effect on cell
proliferation was examined to determine whether nicardipine
improves the chemotherapeutic sensitivity of MICA‑OE cells.
A lower concentration of nicardipine (10 µM) was selected as
it has no significant effect on the proliferation of NCI‑H446
cells (35). The MTT assay demonstrated a significantly lower
IC50 value in the MICA‑OE + nicardipine group compared
with the vector group (Fig. 3G; vector group, 2.663±1.235 µM;
vector + nicardipine group, 9.956±1.392 µM; MICA‑OE
+ nicardipine group, 4.475±1.178 µM; MICA‑OE group,
9.279±1.931 µM).
Discussion
In recent years, the molecular mechanism of the immune
response against tumors has been recognized, along with
the synergetic effect of immunotherapy in combination with
chemotherapy (9). An in‑depth understanding of the role of
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Figure 1. Association between NKG2DLs and PFS in SCLC treated with first‑line chemotherapy. (A) MICA mRNA expression was significantly associated
with PFS in SCLC treated with first‑line chemotherapy. (B) No significant association was observed between PFS and MICB. (C) No significant association
was observed between PFS and ULBP1. (D) No significant association was observed between PFS and ULBP2. (E) No significant association was observed
between PFS and ULBP3. (F) No significant association was observed between PFS and ULBP4. (G) MICA expression significantly increased in the DCR
group compared with the QCR group. ***P<0.001 MICA‑QCR vs. MICA‑DCR. NKG2DLs, natural killer cell‑activated receptor natural‑killer group‑2 member
D ligands; PFS, progression‑free survival; SCLC, small cell lung cancer; MICA, major histocompatibility complex class I polypeptide‑related sequence A;
QCR, quick chemotherapy resistance; DCR, delayed chemotherapy resistance; ULBP, UL16‑binding protein; NS, nonsignificant.
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Figure 2. Overexpression of MICA increases the chemosensitivity of tumor cells. (A) Following lentiviral transfection in NCI‑H446 cells, MICA expression
increased by 3.103‑fold in the MICA‑OE group compared with the Vector group. (B) The IC50 of carboplatin in the MICA‑OE group significantly decreased
compared with that in the Vector. (C) The IC50 of cisplatin in the MICA‑OE group was significantly lower than that in the control group. (D) Cell viability was
compared using ANOVA at 10 µmol/l carboplatin concentration. *P<0.05 MICA‑OE vs. vector, and ***P<0.001 mRNA of MICA‑OE vs. vector. MICA‑OE,
major histocompatibility complex class I polypeptide‑related sequence A overexpression; IC50, the half maximal inhibitory concentration; ABCG2, ATP
binding cassette subfamily G member 2; ADH1, alcohol dehydrogenase 1A (class I), alpha polypeptide; GSTT1, glutathione S‑transferase theta 1.

NKG2D in tumor chemotherapy may contribute to the establishment of a novel clinical therapy for SCLC. NKG2DLs serve
an essential role in the process of immune recognition and cell
killing mediated by NK cells, and they are also crucial to the
antitumor response (36).
Previous research on immune drugs has focused on
the effect on the tumor itself, without considering its
interaction with chemotherapeutic agents. The expression
of NKG2DLs are lower in tumor tissues compared with
healthy tissues (10), which was confirmed in the present
study. Furthermore, this decreased expression is also
considered to be a molecular mechanism underlying tumor
immune escape (37,38). Zhang et al (39) demonstrated that
the expression of NKG2DLs by tumor cells may result in
the efficient development of antitumor immune responses
in vitro and in vivo (39). The present study assessed
MICA expression in patients with SCLC by determining
the association between MICA expression levels and PFS
time and confirmed that it may enhance the sensitivity of
SCLC to platinum chemotherapy. MICA serves a crucial
role in the tumor chemotherapy response, indicating that
high MICA has a synergistic effect on chemotherapy. Thus,
MICA may represent a predictive factor for the efficacy of

chemotherapy and serve as a prognostic marker for patients
receiving chemotherapy.
The results of the present study demonstrated that overexpressing MICA in vitro increased the sensitivity of cells to
cisplatin and carboplatin. This phenomenon may be due to
three factors: i) High MICA expression enhances the tumor
killing activity of NK and T cells (40); ii) increased numbers of
NK and T cells demonstrate a more specific antitumor effect,
particularly during chemotherapy and tumor necrosis antigen
exposure (41); and iii) high NKG2D expression decreases
the efflux pump activity of the tumor cell membrane, while
increasing the intracellular concentration of drugs, which may
enhance the chemosensitivity of tumor cells.
To determine the molecular mechanism, the expression
of 11 genes in tumor specimens from patients with SCLC
were assessed. The expression changes associated with drug
sensitivity in tumor tissues with high MICA expression were
predominantly concentrated in the ATP binding cassette
protein transport pathway genes, while the expression
changes associated with drug metabolism were primarily
concentrated in the glutathione S‑transferase pathway genes.
RT‑qPCR and western blot analyses were performed to verify
mRNA and protein expression in MICA‑overexpressing
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Figure 3. ABCG2 serves a crucial role in MICA‑induced chemosensitivity. (A) mRNA expression levels of ABCG2, ADH1A and GSTT1 were significantly
downregulated compared with the Vector control group. (B) According to the GeneMANIA analysis, there is a complex interaction network between
NKG2DLs and chemotherapeutic sensitivity‑associated genes. (C) ABCG2 protein expression significantly decreased in the MICA overexpression group,
while (D) ADH1 and (E) GSTT1 protein expression levels did not. (F) ImageJ western blot quantification suggested that ABCG2 expression was downregulated considerably compared with the Vector group. (G) MICA‑induced chemosensitivity significantly increased following addition of nicardipine. Cell
viability was compared using ANOVA, at 10 µmol/l of carboplatin. *P<0.05, mRNA of GSTT1 and ADH1A in MICA‑OE vs. vector. **P<0.01, mRNA of
ABCG2 in MICA‑OE vs. vector (A) or cell viability of MICA-OE vs. vector in response to 10 -5 M carboplatin (G). ***P<0.001, grayscale value of ABCG2
in MICA‑OE vs. vector (F), or cell viability of MICA-OE + nicardipine vs. vector in resopnse to 10 -5 M carboplatin (G). ABCG2, ATP binding cassette
subfamily G member 2; MICA, major histocompatibility complex class I polypeptide‑related sequence A; ADH1A, alcohol dehydrogenase 1A (class I), α
polypeptide; GSTT1, glutathione S‑transferase θ1.
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tumor cells, respectively. The results demonstrated that
ABCG2 expression decreased in tumor cells overexpressing
MICA. This result supports the hypothesis that high NKG2D
expression decreases the activity of the efflux pump, while
increasing the intracellular concentration of drugs. However,
the present study has some limitations. Firstly, a major limitation of the present study is that only one SCLC cell line
was used to verify the results. Secondly, the experimental
results were not verified using animal models and clinically in patients. In subsequent studies, the growth rate of
MICA‑expressing multi‑tumor cells in mice and the response
to chemotherapy need to be studied. Subsequently, the key
genes in the upstream and downstream pathways of MICA
will also be sequenced in whole genes.
Previous studies have confirmed that downregulation
of ABCG2 serves a vital role in resistance to chemotherapy (35,42,43). Membrane transport proteins belong
to the ATP‑binding cassette transport protein superfamily (42,43). Members of this superfamily utilize energy
from ATP hydrolysis to transport a number of substrates,
including peptides, lipids and anticancer drugs, across the
membrane. The human genome contains 48 ATP binding
cassette subfamily genes, which can be further divided
into seven different subfamilies, named A‑G, according
to sequence homology and domain similarity (42). These
proteins mediate the development of multidrug resistance
in several types of cancer cells, including breast and colon
cancer (44‑47). ABCG2 transporter protein is a key ABC
protein, which is ubiquitously expressed in lung and liver,
and contributes to the disposition of a variety of endogenous
substances, including platinum‑based regimens (48,49).
Previous studies have demonstrated an association between
ABCG2 expression and prognosis and survival in patients
with SCLC cancer (45,46,50). Peptides generated by
the ubiquitin‑proteasome pathway, including MICA, are
presented by MHC class I molecules (51). The predominant
function of the MIC protein family is to display peptides to
cytotoxic CD8+ T cells in support of their crucial activity of
immune surveillance (36). Thus, the present study hypothesized that MICA decreases ABCG2 expression on the cell
membrane via antigen presentation. ABCG2 functions as
a xenobiotic transporter and its involvement in multi‑drug
resistance has been well‑established and previously
validated (35,52). For exclude other pathway caused by
MICA‑mediated drug resistance, nicardipine was selected
to be the next phase of the experiment as strong inhibitors of ABCG2. As expected, the IC 50 of MICA‑OE was
significant down‑regulation by nicardipine in SCLC cells to
carboplatin. The results of the present study confirmed that
MICA is closely associated with the expression of membrane
transport proteins in tumors and that chemosensitivity can
be achieved by downregulating ABCG2. However, the
molecular mechanisms by which overexpression of MICA
decreases ABCG2 expression remain unclear, thus further
investigation is required.
Currently, the focus is on programmed cell death‑1
and programmed death‑ligand 1, whereby several clinical
trials have been performed using immunotherapy combined
with chemotherapy (6). Most of these clinical studies have
achieved positive results; however, they have predomi-

nantly prompted researchers to better investigate immune
system‑enhancing drugs and assess the mechanism of
synergy with chemotherapy.
To the best of our knowledge the present study was the
first to identify an association between immunotherapy and
chemotherapy in patients with SCLC. Taken together, the
results of the present study suggest that MICA may be used
as a marker to predict the response to chemotherapy and
the prognosis of patients with SCLC and it may improve
sensitivity to cisplatin chemotherapy via downregulation of
ABCG2 expression.
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