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Abstract
Objective  To explore AG490 (the inhibitor of Janus kinase (JAK) 2/signal transducer and activator of transcription (STAT) 
3 pathway) in cisplatin (DDP)-induced acute kidney injury (AKI) in mice with lung cancer.
Methods  Mice were randomly divided into normal, model, AG490, DDP and DDP + AG490 groups. The lung cancer 
models were established except for Normal group. The levels of blood urea nitrogen (BUN) and creatinine and the status of 
oxidative stress were detected. Then, histological changes were assessed by HE and PAS staining and apoptosis by TUNEL 
experiment. The molecule expressions were detected by qRT-PCR and western blot, and immunohistochemistry, respectively.
Results  DDP inhibited the tumor growth in mice with lung cancer, which was further promoted by the combination with 
AG490. Mice in the DDP group had elevated levels of BUN and creatinine than those in the Normal group with the increased 
inflammatory cytokines (TNF-α, IL-6, MCP-1 and CXCL-1) and malondialdehyde (MDA) level and the decreased glu-
tathione (GSH), superoxide dismutase (SOD) and catalase (CAT). In addition, DDP could activate the JAK2/STAT3 pathway 
to promote the apoptosis by upregulating Bax, cleaved caspase-9 and cleaved caspase-3 while downregulating the Bcl-2 in 
the kidney tissues. DDP + AG490 group showed the alleviated AKI and the improvements in oxidative stress, inflammatory 
responses and apoptosis in the kidney tissues, as compared to DDP group.
Conclusion  AG490 alleviated DDP-induced AKI in lung cancer mice with improved oxidative stress and inflammation, and 
the suppression of JAK2/STAT3 pathway.
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Background

Lung cancer is recognized as the primary factor leading to 
cancer-related death worldwide, with an increasing trend in 
both prevalence and mortality [1]. Basically, it consists of 
approximately 15% of small-cell lung cancer (SCLC) and 

85% of non-small-cell lung cancer (NSCLC) [2]. In usual, 
patients with early diagnosis and timely surgical resection 
may have a better prognosis with a 5-year survival rate of 
70% [3], but most of patients have progressed into advanced 
stage when diagnosed, which, consequently, contributes to 
the low survival rate, regardless of major progress in lung 
cancer treatment in recent years [4]. Cisplatin (DDP) is a 
kind of drug developed for chemotherapy and widely used as 
the first-line treatment of lung cancer [5]. DDP is the com-
plex of the Pt2+ binding to two chlorine atoms and two mol-
ecules of ammonia, exerting the obvious inhibitory influence 
on the DNA replication [6]. Meanwhile, it has been reported 
that DDP could also trigger the various adverse reactions, 
including kidney toxicity, attracting great attention in clinic 
[7–9]. Thus, rationale use of DDP to minimize the kidney 
toxicity has become a top issue to be resolved currently.

Janus kinase (JAK)/signal transducer and activator of 
transcription (STAT) signaling pathway is believed as a 
key link implicated in cell growth and apoptosis, and also 
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modulates immune and inflammatory responses in humans 
[10, 11]. Activated JAK could phosphorylate the tyrosine 
of STAT, and the phosphorylated STAT is able to be trans-
ferred into the nucleus to bind to the specific promotor to 
induce the expression of target mRNAs [12]. STATs are a 
group of DNA-binding proteins consisting of six members, 
like STAT1, STAT2, STAT3, STAT4, STAT5 and STAT6 
[13, 14]. Among them, STAT3, as a newly discovered onco-
gene in many literatures, has been pointed out to have a 
close relationship with the tumors, which was continuously 
activated in the development and progression of malignan-
cies [15, 16]. On the contrary, blocking the JAK2/STAT3 
signaling pathway can improve the sensitivity of tumor cells 
against DDP, including cervical cancer, esophageal cancer, 
and lung cancer [17–19]. Furthermore, increasing studies 
have uncovered the mitigated kidney injuries owing to the 
inhibition of JAK2/STAT3 pathway. For example, the work 
of Zhu et al. reported that suppression of the JAK2/STAT3 
pathway ameliorated acute kidney injury (AKI) in rats with 
acute pancreatitis [20], which could be also functioned as a 
potential target in early intervention of the acute ischemic 
kidney failure in the study of Yang et al. [21]. Naturally, we 
inferred that JAK2/STAT3 pathway inhibition may suppress 
the growth of lung tumors and alleviate the DDP-induced 
kidney injury in lung cancer mice. Thereafter, in this work, 
we established the mice models of lung cancer, and further 
developed AKI models by DDP injection, or intervened by 
injection of AG490 (the JAK2/STAT3 pathway inhibitor), 
to observe the potential use of AG490 on the tumor growth 
and the kidney injury in lung cancer mice.

Materials and methods

Subjects

A total of 50 C57/BL6 mice (8-week-old, half male and half 
female) were purchased from the Beijing Vital River Labo-
ratory Animal Technology Co., Ltd, who were all kept at 
22–25 °C and in circadian rhythm, and had the free access to 
the food and water in a clean room. Animal-related experi-
ment protocols had been approved by the Ethic Committee 
for the Experimental Animals in Cangzhou Central Hospital, 
and all behaviors relating to the experimental animals were 
conducted under the regulations of animal protection and 
use of the International Association for the Study of Pain 
(IASP) [22].

Model establishment and mice grouping

Mice were randomly divided into five groups: Normal group, 
Model group, DDP group, AG490 group and AG490 + DDP 
group, with 10 mice (half male and half female) in each 

group. Except for the mice in the Normal group, those in 
other four groups were used to establish the lung cancer 
models using the murine Lewis lung cancer cells. In brief, 
cell suspension at density of 2 × 106/mL was prepared using 
the Lewis lung cancer cells and then inoculated subcutane-
ously at the axilla of the right forelimb. For each mouse, 
0.2 mL cell suspension was given, followed by daily regu-
lar feeding and observation of the tumor growth. Four days 
later, tumors were touchable, and the major diameter was 
about 0.8 ± 0.1 cm. Then, drugs were given intratumorally 
according to the grouping standards: Model group (intra-
peritoneal injection (i.p.) of normal saline); DDP group 
(mice received 10.0 mg/kg DDP, i.p.); AG490 group (mice 
received 0.5 mg/kg AG490, i.p.); AG490 + DDP group, 
sequential administration of AG490 (0.5 mg/kg, i.p.) and 
DDP (10.0 mg/kg, i.p.).

Specimen collection

Fourteen days following the drug administration, the body 
weight of mice was recorded. Then, mice were anesthetized 
for collection of serum samples to measure the blood urea 
nitrogen (BUN) and creatinine. Kidney was dissected thor-
oughly and was cut into pieces for three parts after weighing 
for the detection of molecule expressions by qRT-PCR and 
Western blot, the measurement of oxidative stress indexes, 
and the kidney histological changes by hematoxylin and 
eosin (HE) staining and periodic acid-Schiff (PAS) staining. 
Solid tumors were also dissected, and the tumor volume was 
calculated by the formula: tumor volume (length × width2)/2. 
The inhibitory rates of the weight (IW) and volume (IV) of 
tumor were calculated according to the following formulas 
[23]: IW = (1 − the weight of tumor of experimental group/
the weight of tumor of model group) × 100%; IV = (1 − the 
volume of tumor of experimental group/the volume of tumor 
of model group) × 100%.

Histological analysis

HE staining: kidney tissues (n = 10 in each group) were 
used to prepare the pathologic sections in thickness of 5 μm 
following the fixation, clearing, dehydration, waxing and 
paraffin-embedding. The sections were randomly selected 
for regular dewaxing in xylene and hydration in the ethanol 
in gradient concentrations. Thereafter, nucleus was stained 
using the hematoxylin, and blued in running water, while 
the cytoplasm was stained using the eosin. Following the 
staining, sections were subjected to the dehydration, clearing 
and mounting using the neutral balsam, and placed under 
the optic microscope to observe the changes in the kidney 
tissues. PAS staining: The sections (n = 10 in each group) 
in thickness of 5 μm were randomly selected to dewax and 
hydrate, and then stained in PAS dye. Following the staining, 
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sections were dehydrated, cleared and mounted in neutral 
balsam, and then placed under the optic microscope to detect 
the changes in kidney tissues.

qRT‑PCR

TRIzol (Invitrogen Inc., Carlsbad, CA, USA) was used to 
extract the RNA from the tissues (n = 10 in each group), 
which was subjected to the measurement of concentra-
tion and preserved at − 80 °C for later use. Primers were 
designed according to the gene sequences in the Genbank 
using the Primer 5.0 software, and synthesized by GeneP-
harma Co., Ltd. (Shanghai, China). Reaction system was 
prepared according to the instructions of the One Step 
SYBR® and PrimeScript® PLUS RT- PCR Kit (Takara). 
With β-actin as the internal reference, the relative expres-
sion was calculated by 2−∆∆Ct.

Western blot

Tissues (n = 10 in each group) were homogenized in pres-
ence of lysis buffer, and the total proteins were extracted 
by centrifugation. Protein concentrations were determined 
using the BCA kit, and accordingly, 30 μg of proteins were 
loaded for sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE), and then transferred on the poly-
vinylidene fluoride (PVDF) membrane. Membrane was then 
immersed in the 5% skimmed milk/Tris-buffer saline (TBS) 
for blocking for 1 h at room temperature. Membrane was 
then washed in TBS (5 min × 3 times), and proteins on the 
membrane were probed using the primary antibodies at 4 °C 
overnight. Following 3 washes in TBS (5 min per wash), the 
immunoblots were incubated with the secondary antibodies 
at room temperature for 1 h. After 3 washes in TBS (10 min 
per wash), membrane was subjected to the band develop-
ment using the enhance chemiluminescence (ECL) reagent, 
and the bands were analyzed in the gel imaging analyzer.

Detection of oxidative stress indicators

The oxidative stress indicators were detected according to 
the corresponding methods (n = 10 for each group). In brief, 
thiobarbituric acid reactive substance (TBARS) method 
was employed to determine the content of malondialdehyde 
(MDA). GSH could interact with the 5,5′-dithiobis nitroben-
zoic acid (DTNB) to trigger the color reactions, and the GSH 
content could be reflected by the optical density of product 
at wavelength of 412 nm. Catalase activity was determined 
by the reaction between the enzyme, methanol and H2O2 in 
an optimal concentration, while SOD activity was reflected 
by the method of Elstner and Heupel [24].

TUNEL staining

Immunofluorescence for TUNEL staining was performed 
with fluorescein isothiocyanate (FITC). Paraffin sections 
(n = 10 in each group) were dewaxed and hydrated suffi-
ciently. Then, they were immersed in the 3% H2O2–metha-
nol for 10–15 min, and incubated with protease K at room 
temperature for 15–30 min. After washes in PBS, sections 
were treated with TUNEL mixture (50 μL) for 60 min at 
37 °C, and washed in PBS for 3 times. Then the sections 
were mounted with Vectashield mounting medium con-
taining 40,6-diamidino-2-phenylindole (DAPI, Vector 
Laboratories, Burlingame, CA, USA) for nuclear stain-
ing and imaged under a fluorescent microscope (Leica, 
Wetzlar, Germany). Cells in 10 random high-power fields 
stained green fluorescence and DAPI stained blue fluores-
cence were detected as TUNEL-positive apoptotic cells.

Immunohistochemistry (IHC) staining

Sections (n = 10 in each group) were dewaxed and hydrated 
regularly, and washed in PBS for three times. Then, they 
were incubated in presence of 3% H2O2 for 10 min at room 
temperature, which was removed by three washes in PBS 
(5 min per wash). On the sections, the normal goat serum 
or 1% bovine serum albumin was dropped for blocking 
for 30 min at room temperature. Primary antibodies (anti-
caspase-3 and anti-CD45) were dropped on the sections 
for incubation at 4 °C overnight, and after being placed at 
the room temperature for 30 min, the residual antibodies 
were removed by 3 washes in PBS (5 min per wash). Sec-
tions were then incubated with the secondary antibodies 
at room temperature for 30 min, followed by washes in 
PBS, and then incubated in DAB. Color reactions were 
terminated in the running water. Sections were re-dyed in 
hematoxylin for 1 min. Differentiation was performed in 
1% hydrochloric acid and alcohol. Sections were rinsed in 
running water for 1 min, dehydrated in ethanol in gradient 
concentrations and cleared in xylene, and mounted using 
the neutral balsam. Sections were placed under the optic 
microscope for photographing.

Statistical analysis

SPSS 21.0 statistical software was adopted for data analy-
sis. All experiments were repeated for three times or more 
to calculate the means and standard deviation. Measure-
ment data were expressed in form of mean ± standard devi-
ation. Comparisons among groups were performed using 
the One-way analysis of variance (One-way ANOVA), and 
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intergroup comparison using the Tukey’s test. P <0.05 rep-
resented the significant difference.

Results

AG490 enhanced the inhibitory effect of DDP 
on the tumor growth in lung cancer mice

As shown in Fig. 1, the tumor volume and tumor mass 
were in a declined trend in mice from AG490 group, DDP 
group and DDP + AG490 group when compared to those 
from Model group (all P < 0.05). Besides, the weight 
and volume inhibitory rates (IW and IV) of mice from 
DDP group, AG490 group and DDP + AG490 group were 
(38.97% and 43.51%), (12.26% and 16.83%) and (72.17% 
and 67.79%), respectively. These results suggested that 

both AG490 and DDP could inhibit the tumor growth in 
lung cancer mice, and AG490 could further enhance the 
inhibitory effect of DDP on tumor growth.

Protection of AG490 on DDP‑induced nephrotoxicity 
in mice with lung cancer

Mice in the Model group and AG490 group had no signifi-
cant differences with respect to kidney weight, BUN and 
SCr when compared to Normal group (all P >0.05), while 
the decrease in kidney weight were found in mice from 
DDP group and DDP + AG490 group with the increase 
in BUN and SCr levels (all P <0.05, Fig. 2). In addition, 
mice in the DDP + AG490 group had higher kidney weight 
and lower levels of BUN and SCr than those in the DDP 
group (all P <0.05).

Fig. 1   The growth of implanted Lewis lung cancer in mice (n = 10). a 
Implanted tumors after peeled off in each group; b, c comparison of 
the tumor volume (b) and tumor mass (c) among groups. The same 

letter shows no statistical significance, i.e., P >0.05, while the differ-
ent letter demonstrates the significant difference, i.e., P <0.05

Fig. 2   Effect of AG490 on DDP-induced changes in the kidney 
weight (a), BUN (b) and SCr c in lung cancer mice (n = 10). Kid-
ney weight expressed as the percentage of the total body weight. The 

same letter shows no statistical significance, i.e., P >0.05, while the 
different letter demonstrates the significant difference, i.e., P <0.05
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Kidney histological changes in different groups

In the normal group, model group and AG490 group, kid-
ney glomeruli and the surrounding kidney tubules were in 
normal structure with little glycogen sedimented, while 
the extracellular matrix was in normal distribution. As for 
DDP group, the basic pathobiology changes were glomeruli 
enlargement, tubular lumen dilatation, tubular epithelial cell 
necrosis, inflammatory cell infiltration, and glomerular base-
ment membrane thickening, with massive glycogen sedi-
mentation. Besides, to determine the inflammation status, we 
performed CD45 immunohistochemistry analysis, and we 
found the CD45 staining was significant increase in kidney 
tissues of mice from DDP group as compared with Model 
group and AG490 group. However, these changes were 
clearly ameliorated in the DDP + AG490 group (Fig. 3).

Expression of JAK2/STAT3 signaling pathway 
in different groups

As performed by qRT-PCR in Fig. 4a, the mRNA expres-
sions of JAK2 and STAT3 could be upregulated by DDP, but 
were reduced in presence of AG490 (all P <0.05). Mean-
while, no statistical significance was observed between Nor-
mal group and DDP + AG490 group concerning JAK2 and 
STAT3 mRNA levels (all P >0.05). Western blot analysis 
also indicated that DDP could activate the JAK2/STAT3 
signaling pathway, with up-regulations of p-JAK2 and 
p-STAT3 (all P <0.05), and this effect could be also reversed 
by AG490 (Fig. 4b, c).

Inhibitory effect of AG490 on DDP‑induced 
inflammation and oxidative stress in lung cancer 
mice

When compared to the Model group, the levels of TNF-α, 
IL-6, MCP-1 and CXCL1 were increased in the DDP group 
and DDP + AG490 group, while AG490 could decrease 
these inflammation cytokines, as analyzed by qRT-PCR 
(all P <0.05, Fig. 5). No differences of these cytokines 
were discovered among the Normal group, Model group 
and AG490 group (all P >0.05). Besides, mice in the DDP 
group and DDP + AG490 group had an increase in MDA 
with the reduction in GSH, SOD and CAT, as compared to 
the Model group (all P <0.05), but no significant difference 
was identified between Normal group and AG490 group (all 
P >0.05). Thus, DDP-induced oxidative stress were then 
ameliorated after administration of AG490, concomitant 
with the decrease in MDA, but increases in GSH and activi-
ties of SOD and CAT (Fig. 6).

Inhibitory effect of AG490 on DDP‑induced kidney 
apoptosis in lung cancer mice

TUNEL results (Fig. 7a) showed no statistical significance 
in kidney apoptosis among the Normal group, Model group 
and AG490 group (all P >0.05). At the same time, mice in 
the DDP group had an elevated kidney apoptosis in com-
parisons with these groups, but the kidney apoptosis in mice 
from the DDP + AG490 group was reduced (all P <0.05). 
In addition, the apoptotic factors (including Bcl-2, Bax, 
cleaved caspase-9 and cleaved caspase-3) examined by 

Fig. 3   Effect of AG490 on kidney histological changes in DDP-induced AKI in mice with lung cancer (n = 10). HE hematoxylin–eosin, PAS 
periodic acid-Schiff, IHC immunohistochemistry
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Fig. 4   Expressions of JAK2/STAT3 signaling pathway in kidney tis-
sues of mice in different groups by qRT-PCR (a) and Western blot 
(b, c) (n = 10). The same letter shows no statistical significance, i.e., 

P >0.05, while the different letter demonstrates the significant differ-
ence, i.e., P <0.05

Fig. 5   Inhibitory effect of AG490 on DDP-induced inflammation in lung cancer mice (n = 10). a TNF-α, b IL-6, c MCP-1, d CXCL-1; the same 
letter shows no statistical significance, i.e., P >0.05, while the different letter demonstrates the significant difference, i.e., P <0.05
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Western blot assay in the AG490 group had no significant 
differences from the Normal group and the Model group (all 
P >0.05). Mice in the DDP group had higher expressions of 
anti-apoptotic proteins (Bax, cleaved caspase-9 and cleaved 
caspase-3) and lower Bcl-2 than those in the Normal group 
(all P <0.05). Moreover, mice in the DDP + AG490 group 
exhibited the recovered indicators of the above in varying 
degrees (all P <0.05, Fig. 7b, c). Furthermore, caspase-3 
expression was also detected by immunohistochemistry 
staining, which was similar to the result of Western blot 
(Fig. 7d).

Discussion

Currently, intervention of the signaling pathway has 
become a trend in the field of cancer biotherapy, including 
lung cancer [25, 26]. Since JAK2/STAT3 signaling path-
way is credited as the critical regulator of tumorigenesis 
to promote tumor cell proliferation, infiltration and metas-
tasis and to participate in the immune escape mechanism 
of tumor, thus, suppressing this pathway may be helpful in 
inhibition of tumor cell growth and metastasis, as well as 
promotion of apoptosis [27, 28]. AG490, as one of the syn-
thetic PTK inhibitors (tyrphostins) with anti-JAK2 activ-
ity, has been widely used to specifically block the JAK2/
STAT3 signaling pathway by decreasing the mRNA and 
phosphorylation expression of JAK2 and STAT3 without 
affecting their total expressions [29, 30], being consist-
ent with the results of our experiments. We hypothesized 

that the transcription activation might be regulated by the 
interaction between JAK2/STAT3 and other regulatory fac-
tors owing to phosphorylation. However, the reason for no 
changed total expressions of JAK2 and STAT3 is unclear 
because significant decreased in p-JAK2 and p-STAT3 were 
observed, which should be further explored in the future. It 
has been shown that AG490 can suppress TGF-β-induced 
migration and invasion of lung cancer cells [31], which 
could also curb lung cancer cell proliferation via reducing 
cyclin D1 in the paper of Kamran et al. [32]. Moreover, 
Ogata et al. demonstrated that AG490-induced inhibition of 
JAK/STAT could obviously suppress the tumor growth of 
lung cancer in human beings [33]. After administration of 
AG490 in our experiment, we found that inhibition of JAK2/
STAT3 pathway could reduce the volume and mass of tumor, 
exhibiting the potential in molecular treatment of lung can-
cer. Moreover, the mRNA expressions of JAK and STAT3 
and the protein expression of p-JAK and p-STAT3 were all 
increased in kidney tissues after the treatment with DDP, 
which was reversed by the AG490, indicating the AG490 
could suppress DDP-induced activation of JAK2/STAT3 
signaling pathway. Besides, we also noted that AG490 could 
enhance the sensitivity of lung cancer cells to DDP, and 
the combination of AG490 and DDP manifests the potent 
synergistic anti-tumor effect. However, although DDP is 
frequently used in clinical practice, the long-term massive 
administration could not only act on tumors, but also cause 
kidney damage, thereby affecting the life quality of patients 
[34, 35]. Additionally, AG490 in our study decreased DDP-
induced increases in BUN and SCr and mitigate the kidney 

Fig. 6   Inhibitory effect of AG490 on DDP-induced oxidative stress in lung cancer mice (n = 10). a MDA, b GSH, c SOD, d CAT; the same letter 
shows no statistical significance, i.e., P >0.05, while the different letter demonstrates the significant difference, i.e., P <0.05
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histological conditions as performed by HE staining, PAS 
staining and CD45 IHC staining. Thus, the combined use 
of AG490 and DDP could be a new way for lung cancer 
treatment.

Besides, DDP-induced kidney toxicity was so compli-
cated that may be related to oxidative damage and inflam-
matory responses, resulting in upregulated MDA and 
decreases in GSH, SOD and CAT [36–38]. DDP and its 
metabolites can bind to GSH to form complex, contribut-
ing to the dysfunction of kidney tubular epithelial cells 

and kidney damage [39]. MDA could reflex the changes in 
the peroxidation of lipid and SOD plays a pivotal role in 
balancing the oxidation and anti-oxidation to prevent the 
cell damage [40, 41]. Importantly, emerging evidence has 
indicated the involvement of JAK2/STAT3 pathway in oxi-
dative stress-induced damage [42]. In various cell types, 
inhibition of the JAK2/STAT3 signals could mitigate the 
oxidative damage induced by H2O2 [43, 44]. Furthermore, 
the inhibitory effect of AG490 on JAK2 could protect 
endothelial and tubular cells from oxidative stress-induced 

Fig. 7   Inhibitory effect of 
AG490 on DDP-induced kidney 
apoptosis in lung cancer mice 
(n = 10). a The kidney apoptosis 
of lung cancer mice detected 
by TUNEL method; b, c the 
expressions of apoptotic factors 
(including Bcl-2, Bax, cleaved 
caspase-9 and cleaved cas-
pase-3) determined by western 
blot assay; The same letter 
shows no statistical significance, 
i.e., P >0.05, while the different 
letter demonstrates the signifi-
cant difference, i.e., P <0.05
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death [45], which might be a potential way to balance the 
oxidative stress after kidney damage. Additionally, exist-
ing studies have shown that in the DDP-induced kidney 
damage models of mouse, inflammatory cytokines (like 
TNF-α, IL-6, MCP-1 and CXCL-1) were abnormally 
increased, which would be decreased through inhibition of 
JAK2/STAT1/STAT3-SOCS3 signaling pathway [46, 47]. 
This signaling pathway, as a classical pathway, has been 
revealed to regulate the inflammatory responses in kidney 
ischemia or reperfusion damage [48]. Indeed, MDA was 
elevated with decreased GSH, SOD and CAT, as well as 
down-regulations of the above inflammatory cytokines in 
our models induced by DDP, which, however, was reversed 
partially by administration of AG490, suggesting that inhi-
bition of JAK2/STAT3 pathway may alleviate oxidative 
stress and inflammatory responses in kidney tissues to 
minimize the DDP-induced acute kidney damage.

In recent years, people have paid much more attention 
to the kidney toxicity of DDP in the kidney cell apopto-
sis [46]. Research supported the notion that in the DDP-
induced mitochondrial apoptosis, signal transduction 
was modulated by Bcl-2 family, including pro-apoptotic 
gene (Bax) and the anti-apoptotic gene (Bcl-2) [49]. 
Under the stimuli of DDP, Bax was activated, resulting in 
cytochrome C release from mitochondria to further acti-
vate the caspase-9/caspase-3, and finally triggered cell 
apoptosis [50]. In agreement with our study, inhibiting 
the activation of JAK2/STAT3 pathway could block cell 
apoptosis, which could protect the kidney tissues from the 
ischemia/reperfusion injury [51]. Ping et al. also discov-
ered that AG490 could block the JAK2/STAT3 pathway 
to prevent the up-regulation of Bax/Bcl-2 ratio caused by 
HBx and to reduce the apoptosis of human kidney proxi-
mal tubule epithelial cells [52]. Notably, our mice with 
the combined use of DDP and AG490 had better recovery 
in these apoptotic factors caused by the single administra-
tion of DDP, and significant reductions in cell apoptosis, 
indicating that AG490 can improve the apoptosis in kidney 
tissues and the DDP-caused kidney damage.

Collectively, the inhibition of JAK2/STAT3 signaling 
pathway by AG490 could improve the oxidative stress, 
inflammation and kidney apoptosis to minimize DDP-
induced AKI and curb the tumor growth in mice with lung 
cancer.
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