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Abstract. – OBJECTIVE: Idiopathic pulmonary 
fibrosis (IPF) is a pulmonary interstitial fibrosis 
disease. Excessive activation of fibroblasts in 
the lung contributes to severe alveoli dysfunc-
tion and histological destruction. Evogliptin, a di-
peptidyl peptidase IV inhibitor, has been widely 
used to reduce glucose level in type 2 diabetes, 
whereas evogliptin treatment to fibrosis process 
of lung IPF is elusive. The study aimed to inves-
tigate the mechanism of evogliptin in transform-
ing growth factor-beta (TGF-β)-activated lung fi-
broblasts and evaluate the efficacy of evogliptin 
in lung fibrosis model.

MATERIALS AND METHODS: In lung fibro-
blast culture, the RNA expression of α-SMA in 
lung fibroblasts was detected, and α-SMA/COL-
1 immunofluorescence co-staining after TGF-β 
stimulation and evogliptin administration was 
displayed. Mechanically, the phosphorylation 
level of Smad2/3 protein in cells was analyzed 
using Western blotting, and the scratch assay 
was used to reflect fibroblast proliferation. Fur-
thermore, bleomycin was employed to induce 
lung fibrosis in mice, and IHC staining and he-
matoxylin and eosin (HE) & Masson staining 
were carried out to examine the extracellular ma-
trix (ECM) expression and tissue fibrosis. 

RESULTS: The results demonstrated that 
evogliptin treatment attenuated the activation 
of fibroblasts and collagen deposition follow-
ing TGF-β stimulation. Furthermore, the extra-
cellular matrix expression was descended via 
evogliptin restraining the TGF-β/Smad pathway. 
Besides, it was also found that evogliptin affect-
ed the proliferation degree of lung fibroblasts. 
In vivo, the COL-1 and α-SMA were significantly 
reduced through evogliptin treatment compared 
with the bleomycin group, and fibroblasts and 
collagenous fiber were remarkably decreased.

CONCLUSIONS: Evogliptin exerts an anti-fi-
brosis effect on TGF-β induced lung fibroblast 
activation, which restrains ECM formation and 
decreases cell proliferation level in fibroblasts. 
Moreover, the fibroblast infiltration and collagen 
deposition were ameliorated following evogliptin 
administration. Therefore, evogliptin serves as a 
potential implication to protect lung fibrosis.
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Introduction

Fibrosis is a chronically hyperplastic patho-
logical process contributing to organic paren-
chyma loss and dysfunction1,2. Idiopathic pul-
monary fibrosis (IPF) is an excessive fibrosis 
disease that presents as agnogenic alveolar fi-
brosis and diffuse interstitial fibrosis3,4. Owing 
to unfavorable development in the pathophysio-
logical cognization of IPF, there remains vague 
therapy of attenuating IPF. IPF, characterized 
by lung parenchymal tissue replaced by exten-
sive fibrous connective tissue, provokes organic 
structural destruction, lung hypofunction and 
even respiratory failure5,6. Overwhelming fibro-
blasts activation in multiple fibrotic diseases ag-
gravated fibrous degeneration in lesion7, indicat-
ing that the modulation of fibroblasts activation 
in compensatory repair may inhibit the develop-
ment of fibrotic diseases. As a physiopathologi-
cal process, fibrosis participates in tissue injury 
repair because of insufficient primary cell pro-
liferation. When severe damage occurs in the 
lung8, it triggers a mass of fibroblasts activation 
and accumulation to repair histological destruc-
tion, but over-activated fibroblasts ultimately 
cause pathological fibrosis especially in bronchia 
and alveolus tissue9,10. Given the fibrosis process 
in IPF, how to decrease fibroblasts activation is 
deemed to be a promising regulatory aspect in 
anti-fibrotic therapy. Fibroblasts, differentiated 
from mesenchymal cells during embryonic peri-
od, serve as a main cellular component in loose 
connective tissue11, which synthesize and secret 
collagens and matrix components when acti-
vated12. However, over-activated fibroblasts can 
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over-proliferate and secret large amounts of ex-
tracellular matrix (ECM) such as collagen I, col-
lagen III and fibronectin via multiple growth fac-
tors stimuli13,14. Transforming growth factor-beta 
(TGF-β), recognized tissue factor that stimulates 
fibroblast differentiation, has been generally em-
ployed to activate fibroblasts in vitro culture15,16. 
Moreover, the induction of TGF-β/Smad path-
way is related to fibroblast activation and fibrosis 
process17-19. Emphasis of research has been put 
on the regulation of TGF-β pathway in an expec-
tation that more effective therapy reduces fibro-
sis progression. Evogliptin, a novel dipeptidyl 
peptidase (DDP) IV inhibitor with high potency 
and selectivity, modulates type 2 diabetes by de-
creasing the degradation of glucagon-like pep-
tide-120. DPP-IV inhibitor plays an anti-fibrotic 
role in various organ including heart, liver, and 
kidney21-23. Recently, DPP-IV inhibitor attenu-
ates renal fibrosis caused by unilateral ureteral 
obstruction in mice24. However, the treatment 
of evogliptin on lung fibrosis has rarely been re-
searched. According to the past studies, it was 
suspected that evogliptin may change fibro-
sis process of IPF through modulating several 
pathogenic factors. Considering that the effect 
and mechanism of evogliptin on lung fibroblasts 
activation via TGF-β induction are unclear, 
whether evogliptin mediates TGF-β pathway and 
cell proliferation or apoptosis to play an anti-fi-
brosis role in lung fibrosis was explored in this 
study. Here, evogliptin was utilized in TGF-β-
induced lung fibroblasts and bleomycin-induced 
lung fibrosis to investigate the effect and mecha-
nism of evogliptin on fibrotic regulation.

Materials and Methods

Cell Culture and Treatment
Human lung fibroblasts were purchased from 

the American Type Culture Collection (ATCC; 
Manassas, VA, USA). Primary fibroblasts were 
digested with 0.25% trypsin (Gibco, Rockville, 
MD, USA) inoculated in a 75 cm2 cell flask with 
Dulbecco’s Modified Eagle’s Medium contain-
ing 1% penicillin/streptomycin (DMEM, Gibco, 
Rockville, MD, USA) appended 10% fetal bo-
vine serum (FBS, Gibco, Rockville, MD, USA). 
When cells grew to satisfactory confluence, they 
were divided into four 25 cm2 flasks. After star-
vation treatment with free serum DMEM over-
night, evogliptin (10 nM, 20 nM, Standards, Chi-
na) was employed to pretreat fibroblasts for 24 h, 

and then TGF-β (10 ng/mL, Sigma-Aldrich, St. 
Louis, MO, USA) were employed to activate fi-
broblasts for 24 h. 

Animal Studies
C57/BL mice (male, 20-25 g) were utilized to 

construct models of lung fibrosis. All animals 
were purchased from Dongying People’s Hospital 
Animal Center and housed in Dongying People’s 
Hospital Animal Center. Mice were divided into 
three experimental groups), namely, negative con-
trol group (NC, n=6, with no treatment), bleomycin 
group (BLM, n=6, bleomycin-treated treatment) 
and bleomycin+evogliptin group (BLM+EVP, 
n=6, evogliptin/bleomycin co-treatment). For the 
bleomycin model, the mice were anesthetized via 
pentobarbital, then tracheotomy was conducted, 
and 70 μL bleomycin (3.5 mg/kg) was conveyed 
via transtracheal injection. The BLM+EVP group 
was administrated with evogliptin (300 mg/kg/
day, po.) for 7 days. All mice were fed for 21 days, 
then anesthetized with pentobarbital and per-
fused with phosphate-buffered saline (PBS) for 
RNA isolation or 4% paraformaldehyde (PFA) for 
staining. This investigation was approved by the 
Animal Ethics Committee of Dongying People’s 
Hospital Animal Center.

Quantitative Reverse Transcription-Poly-
merase Chain Reaction (qRT-PCR)

Total RNA was extracted from fibroblasts and 
lung tissue homogenate using a RNA extraction 
reagent (YiFeiXue, Nanjing, China) according to 
the manufacturer’s protocol. Synthesis of com-
plementary deoxyribose nucleic acid (cDNA) was 
conducted using a qScript Flex cDNA Synthe-
sis Kit (Quanta Biosciences, Shanghai, China). 
A total of 20 μL system was reacted for RNAs 
quantification using a perfecta SYBR Green Su-
permix (Quanta Biosciences, Shanghai, China). 
Melting curve analysis was determined the spec-
ificity of every RNA reaction. Next, glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) was 
used for normalization, and relative mRNA levels 
were quantified by the 2−ΔΔCt methods. All reac-
tions were operated in triplicate. Full list of prim-
ers used is provided as follows: COL-1 (Human), 
Forward Primer: GAGGGCCAAGACGAAG-
ACATC, and Reverse Primer: CAGATCACGT-
CATCGCACAAC. COL-1 (Mouse), Forward 
Primer: GCTCCTCTTAGGGGCCACT and Re-
verse Primer: ATTGGGGACCCTTAGGCCAT. 
COL-3 (Human), Forward Primer: GGAGCT-
GGCTACTTCTCGC and Reverse Primer: GG-
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GAACATCCTCCTTCAACAG. COL-3 (Mouse), 
Forward Primer: CTGTAACATGGAAACTG-
GGGAAA and Reverse Primer: CCATAGCT-
GAACTGAAAACCACC. FB (Human), For-
ward Primer: CGGTGGCTGTCAGTCAAAG 
and Reverse Primer: AAACCTCGGCTTCCTC-
CATAA. FB (Mouse), Forward Primer: ATGT-
GGACCCCTCCTGATAGT and Reverse Prim-
er: GCCCAGTGATTTCAGCAAAGG. GAPDH 
(Human), Forward Primer: CTGGGCTACACT-
GAGCACC and Reverse Primer: AAGTG-
GTCGTTGAGGGCAATG. GAPDH (Mouse), 
Forward Primer: TGACCTCAACTACATGGTC-
TACA and Reverse Primer: CTTCCCATTCTC-
GGCCTTG.

Western Blot (WB) Analysis
Proteins were extracted from lung fibroblasts 

using a Total Protein Extraction Kit supplemented 
phenylmethylsulfonyl fluoride (PMSF), phospha-
tase inhibitors and proteinase inhibitor (KeyGEN, 
Nanjing, China). After shaken and centrifuged, 
the protein concentration was measured using an 
enhanced bicinchoninic acid (BCA) Protein As-
say Kit (Beyotime, Shanghai, China). Electropho-
retic separation, transferring and blocking were 
performed procedures in sequence, and then the 
proteins were incubated overnight with anti-α-
SMA (Abcam, Cambridge, MA, USA, 1:1000), 
anti-p-Smad2/3 (Abcam, Cambridge, MA, USA, 
1:1000), anti- Smad2/3 (Abcam, Cambridge, 
MA, USA, 1:1000), and anti-GAPDH (Protein-
tech, Rosemont, IL, USA, 1:10000). Washed by 
Tris-Buffered Saline and Tween-20 (TBST), the 
proteins were incubated with secondary antibody 
(YiFeiXue, Nanjing, China, 1:10000) for 1 h at 
room temperature. Proteins were visualized using 
an enhanced chemiluminescence (ECL) system 
(Thermo Fisher Scientific, Waltham, MA, USA). 

Immunofluorescence (IF) Staining
Fibroblasts were fixed with 4% paraformal-

dehyde (PFA) for 15 minutes and blocked with 
an immunostaining blocking fluid (Beyotime, 
Shanghai, China) for 1h at room temperature. 
Next, IF staining was conducted with α-SMA 
(Abcam, Cambridge, MA, USA, 1:200), COL-
1 (Abcam, Cambridge, MA, USA, 1:200) and 
p-Smad2/3(Abcam, Cambridge, MA, USA, 
1:100) overnight at 4°C. After washed with phos-
phate-buffered saline (PBS), cells were incubat-
ed with an Alexa Fluor 488 or 594-conjugated 
AffiniPure F(ab’)2 Fragment Goat Anti-Rabbit 
or Mouse IgG (H+L) (Jackson, West Grove, PA, 

USA, 1:500) for 1 h at room temperature. Nucleus 
counterstaining and mounting was conducted us-
ing a 4’,6-diamidino-2-phenylindole (DAPI)-Flu-
oromount-G (Southern Biotech, Birmingham, 
AL, USA). Then, the immunofluorescent images 
of fibroblasts were collected using an immunoflu-
orescent microscope.

Immunohistochemical Staining (IHC) and 
Histological Staining

Mouse lung tissues were fixed with 4% PFA 
for 24 h and underwent dehydration by alcohol of 
different concentration. Tissues were embedded 
into paraffin and placed at room temperature for 
24 h. The tissues were cut into 5 μm section and 
placed into a 55°C oven for 1 h. Then, after dep-
araffinization and hydration, Hematein & Eosin 
staining and Masson staining were performed us-
ing a Hematein & Eosin staining Kit (Beyotime, 
Shanghai, China) and a Trichrome Stain (Masson) 
Kit (Servicebio, Wuhan, China) respectively. For 
IHC, the sections received antigen retrieval in ci-
trate buffer at 95°C for 15 minutes. After blocked 
with 0.5% BSA-PBS containing 10% goat serum 
for 1 h, the sections were incubated with α-SMA 
(Abcam, Cambridge, MA, USA, 1:100), TGF-β 
(Abcam, Cambridge, MA, USA, 1:200) and COL-
1 (Abcam, Cambridge, MA, USA, 1:100) over-
night. Then, IHC staining was conducted using a 
diaminobenzidine (DAB) Rabbit & Mouse horse-
radish peroxidase (HRP) Kit (Biolab, Shanghai, 
China) following manufacturer’s instruction. Fi-
nally, the images were collected using a micro-
scope.

Scratch Assay
Fibroblasts were seeded into a 12 well plate and 

underwent starvation treatment overnight. Then, 
2 mL of DMEM with 10% FBS was added into 
each well, and 10 nM and 20 nM evogliptin were 
used to pretreat cells for 24 h. After TGF-β (10 
ng/mL) treatment for 24 h, a 10 μL pipette tip was 
used to scratch cells. After 24 h, images were col-
lected using a microscope.

Statistical Analysis
Data were described as the means ± SD (stan-

dard deviations). Differences between two groups 
were analyzed by using the Student’s t-test. Com-
parison between multiple groups was done using 
One-way ANOVA test followed by Post-Hoc Test 
(Least Significant Difference). Data were col-
lected and assessed using Statistical Product and 
Service Solutions (SPSS) 21.0 software (IBM, Ar-
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monk, NY, USA). p<0.05 was considered statisti-
cally significant.

Results

EVP Inhibited Fibroblast Activation 
and Reduced ECM Expression

First, to verify whether evogliptin (EVP) inhib-
its fibrosis activation in human lung fibroblasts, 
the expression of biomarker α-Smooth muscle 
actin (α-SMA) was examined following TGF-β 
stimuli and EVP treatment. Western blotting dis-
played that TGF-β stimuli significantly increased 
α-SMA protein level in fibroblasts, while EVP 
pretreatment decreased α-SMA level after TGF-β 

employment especially at 20 nM (Figure 1A). 
Hence, the RNA levels of collagen I (COL-1), 
collagen III (COL-3) and fibronectin (FB) were 
detected, and it was discovered that the RNA 
levels of COL-1, COL-3 and FB were decreased 
with EVP treatment following TGF-β stimuli 
(Figure 1B-1D). Furthermore, the IF of α-SMA 
and COL-1 co-staining was utilized after TGF-β 
and EVP treatment, exhibiting that TGF-β sig-
nificantly increased the α-SMA (red) and COL-1 
(green) expressions in cells, but 10 nM and 20 nM 
EVP administration reduced α-SMA and COL-1 
expressions after TGF-β activation (Figure 1E). 
Hence, EVP inhibited fibroblast activation and 
alleviated ECM level.

Figure 1. EVP inhibited fibroblast activation and reduced ECM expression. A, Representative α-SMA protein level in NC, 
TGF-β, 10 nM EVP+TGF-β and 20 nM EVP+TGF-β group. B-D, Representative RNA level of COL-1, COL-3 and FB in NC, 
TGF-β, 10 nM EVP+TGF-β and 20 nM EVP+TGF-β group. E, Representative immunofluorescence of α-SMA (red) and COL-
1 (green) in NC, TGF-β, 10 nM EVP+TGF-β and 20 nM EVP+TGF-β group (magnification: 200×). “*” means vs. NC group, 
“#” means vs. TGF-β group with statistical significance.
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Administration of EVP Suppressed 
Fibroblasts Activation Via Regulation 
of Smad2/3 Signaling and Reduced 
Cell Proliferation

To explore the mechanism of EVP concerning 
anti-fibrotic effect on the lung fibroblasts, TGF-β 
and 20 nM EVP were further employed to tre-
at the fibroblasts, and phosphorylated Smad2/3 
(p-Smad2/3) and total Smad2/3 were measu-
red using Western blotting (Figure 2A). It was 
found that p-Smad2/3 was increased remarkably 
in TGF-β group, but EVP decreased p-Smad2/3 
protein level after TGF-β treatment. TGF-β and 
EVP did not affect total Smad2/3 expression. Mo-
reover, the α-SMA (red) and p-Smad2/3 (green) 
co-staining showed that TGF-β provoked high 
expressions of α-SMA and p-Smad2/3 while EVP 
reduced α-SMA and p-Smad2/3 level simultane-
ously (Figure 2B). We also detected the cell prolif-
eration using scratch assay, showing that TGF-β 
stimulation accelerated fibroblasts proliferation; 
hence, the amount of cell in the scratch is more 

than that in control group. EVP administration 
reduced cells in the scratch compared with the 
TGF-β group (Figure 2C). Thereof, the results 
suggested that EVP decreased fibroblast activa-
tion and proliferation through restraining TGF-β/
Smad2/3 pathway.

EVP Treatment Reduced Fibroblasts 
Activation Level and Protected Lung 
Tissue Integrity

Mice with lung fibrosis were treated with 
BLM. After EVP treatment, the lung tissues were 
removed in 21 days for IHC staining of α-SMA 
and TGF-β, displaying that α-SMA and TGF-β 
expressions in BLM group were remarkably high-
er than those in NC group, while EVP treatment 
effectively inhibited α-SMA and TGF-β levels in 
lung tissues (Figure 3A). Moreover, the injury de-
gree of lung was reflected using HE staining (Fig-
ure 3B). The images displayed that EVP admin-
istration reduced infiltration and proliferation of 
fibroblasts in lung. Hence, it could be concluded 

Figure 2. Administration of EVP suppressed fibroblasts activation via regulation of Smad2/3 signaling and reduced cell pro-
liferation. A, Representative Western blotting of p-Smad2/3 and Smad2/3 in NC, TGF-β and 20 nM EVP+TGF-β group. B, 
Representative immunofluorescence of α-SMA (red) and p-Smad2/3 (green) in NC, TGF-β and 20 nM EVP+TGF-β group (mag-
nification: 200×). C, Representative scratch assay at 24h in NC, TGF-β and 20 nM EVP+TGF-β group (magnification: 40×).
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that EVP mitigates reduced intrahepatic fibrosis 
level and alleviated tissue injury after BLM ad-
ministration.

EVP Alleviated ECM Expression and 
Mitigated Lung Fibrosis Process 

The RNA levels of ECM (COL-1, COL-3 and 
FB) in lung tissues were measured using qRT-
PCR, exhibiting that EVP could negatively mod-
ulate the RNA expressions of COL-1, COL-3 and 
FB after BLM-induced fibrosis (Figure 4A-4C). 
COL-1 expression was then detected using IHC, 
exhibiting that EVP treatment reduced COL-1 
expression in lung tissues compared with BLM 
group (Figure 4D). Besides, lung fibrosis degree 
was examined using Masson staining (Figure 4E). 
The result exhibited that excessive collagenous 
fiber was in BLM-induced lung injury, but EVP 
administration attenuated the fiber deposition in 

lung tissue, indicating that EVP alleviates ECM 
release and lung fibrosis degree.

Discussion 

IPF is a complex process that involves lung 
fibroblast activation in pathogenic process. Ex-
cessive fibrosis induces extensive interstitial com-
pensation, dyspnea, and even life-threatening 
events. The overwhelming fibroblasts in lesion 
proliferate and differentiate into myofibroblasts 
secreting a mass of ECM25. Long-lasting fibrosis 
process in lung tissue may replace parenchymal 
cells by fibroblasts, the deposition of collagenous 
fiber ultimately causes pulmonary afunction. Ef-
fective therapies thereof need to negatively con-
trol fibroblasts and ECM secretion, which may 
reduce the deterioration of IPF. When lung fibro-

Figure 3. EVP treatment reduced fibroblast activation level and protected lung tissue integrity. A, Representative IHC stain-
ing of α-SMA and TGF-β in NC, BLM and BLM+EVP group (magnification: 400×). B, Representative HE staining of lung 
tissue in NC, BLM and BLM+EVP group (magnification: 200×).
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blasts are activated, they rapidly turn to myofi-
broblasts via multiple growth factor induction and 
secrete varieties of collagens, fibrous proteins26. 
The over-expression of fibers become the adverse 
factor of the deterioration of IPF. Evogliptin ex-
hibited a distinguished effect against fibrosis pro-
cess in various diseases. Notably, a study27 has 
indicated that evogliptin protects against renal 
injury by preventing podocyte damage in an an-
imal model of progressive renal injury. Hence, it 
was we hypothesized that evogliptin may atten-
uate lung fibrosis via regulating lung fibroblasts 
after TGF-β stimuli. In the current study, it was 
found that evogliptin down-regulated α-SMA 
protein expression in the lung fibroblasts with 
TGF-β treatment, and the RNA level of COL-1, 

COL-3 and fibronectin showed that evogliptin 
employment significantly reduced TGF-β in-
duced ECM expression in the transcription level. 
To further explore evogliptin effect on inhibiting 
fibroblast activation, IF co-staining of α-SMA 
and COL-1 was utilized, showing that evogliptin 
simultaneously decreased α-SMA and COL-1 ex-
pressions in fibroblasts. The results indicate that 
evogliptin exerts a fibrotic suppressive function in 
lung fibroblasts. Next, the specific mechanism of 
evogliptin on the inhibition to fibroblast activation 
was investigated. Mechanically, TGF-β/Smad2/3 
pathway is a critical regulatory signaling loop to 
modulate fibroblast activation and ECM expres-
sion. Hence, p-Smad2/3 level was detected after 
TGF-β stimulation and evogliptin administration. 

Figure 4. EVP alleviated ECM expression and mitigated lung fibrosis process. A-C, Representative RNA level of COL-1, 
COL-3 and FB in NC, BLM and BLM+EVP group. D, Representative IHC staining of COL-1 in NC, BLM and BLM+EVP 
group (magnification: 400×). E, Representative Masson staining of lung tissue in NC, BLM and BLM+EVP group (magnifica-
tion: 400×). “*” means vs. NC group, “#” means vs. BLM group with statistical significance.
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Western blotting exhibited that p-Smad2/3 pro-
tein was increased after TGF-β treatment while 
evogliptin declined the expression of p-Smad2/3. 
The result was consistent with the IF staining 
exhibition, indicating that evogliptin can inhibit 
TGF-β effect by decreasing the phosphorylation 
of Smad2/3 pathway. In several fibrosis diseases, 
effectively inhibiting TGF-β/Smad2/3 activation 
in fibroblasts could attenuate scarring in repairing 
tissue, and this study likewise proved the point. 
Moreover, it was found that evogliptin meanwhile 
protected the integrity of lung tissues compared 
with that in BLM group, which may be associated 
with the anti-fibrotic effect of evogliptin. How-
ever, the mechanism of evogliptin in impacting 
cell proliferation was not demonstrated, so fur-
ther studies are needed to explore the target of 
evogliptin to inhibit proliferation in lung fibro-
blasts. In this study, IHC staining showed appar-
ent increase of α-SMA and TGF-β in the BLM-in-
duced lung fibrosis mice, but evogliptin treatment 
effectively reduced the expression of α-SMA and 
TGF-β in lung tissue, indicating that evogliptin 
may exert anti-fibrotic effect on the BLM-induced 
lung fibrosis via inhibiting fibroblasts activation 
and TGF-β expression. Furthermore, the function 
of evogliptin in ECM expression after BLM in-
jection was also assessed. The results of COL-1, 
COL-3 and FB RNAs in lung tissues showed that 
evogliptin negatively affected ECM expression in 
RNA level. Moreover, the IHC exhibited that the 
expression of COL-1 after evogliptin administra-
tion was remarkably decreased compared with 
the BLM group. On the other hand, the fibrosis 
degree was measured using Masson staining, ex-
hibiting that BLM could cause serve fiber depo-
sition in large areas, but evogliptin mitigated the 
degree of fibrosis and decreased the fibrotic area. 
Therefore, evogliptin played a protective role in 
lung fibrosis model. Besides, it was proved that 
evogliptin exerted a promising anti-fibrotic effect 
in lung fibrosis, but the problems concerning mul-
tiple regulation in lung fibroblast or modulation to 
another cells in lung fibrosis are elusive. Hence, 
subsequent studies will be concentrated on the 
above issues. 

Conclusions

This study results suggested that evogliptin 
treatment reduces fibroblasts activation through 
inhibiting TGF-β/Smad-3 pathway in lung fi-
brosis. Besides, evogliptin resulted in decreased 

ECMs and limited proliferation. Thus, evogliptin 
may be a promising therapeutic agent to inhibit 
lung fibrosis.

 

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Ghofrani ha, Wiedemann r, rose f, schermuly rT, 
olscheWski h, Weissmann n, GunTher a, WalmraTh 
d, seeGer W, GrimminGer f. Sildenafil for treatment 
of lung fibrosis and pulmonary hypertension: a 
randomised controlled trial. Lancet 2002; 360: 
895-900.

 2) friedman sl, Bansal mB. Reversal of hepatic fi-
brosis--fact or fantasy? Hepatology 2006; 43: 
S82-S88.

 3) selman m, kinG Te, Pardo a. Idiopathic pulmonary 
fibrosis: prevailing and evolving hypotheses about 
its pathogenesis and implications for therapy. Ann 
Intern Med 2001; 134: 136-151.

 4) raGhu G, freudenBerGer Td, yanG s, curTis Jr, sPada 
c, hayes J, sillery Jk, PoPe cn, PelleGrini ca. High 
prevalence of abnormal acid gastro-oesophageal 
reflux in idiopathic pulmonary fibrosis. Eur Respir 
J 2006; 27: 136-142.

 5) GriBBin J, huBBard rB, le Jeune i, smiTh cJ, WesT J, 
TaTa lJ. Incidence and mortality of idiopathic pul-
monary fibrosis and sarcoidosis in the UK. Tho-
rax 2006; 61: 980-985.

 6) BaumGarTner kB, sameT Jm, coulTas dB, sTidley ca, 
hunT Wc, colBy TV, Waldron Ja. Occupational 
and environmental risk factors for idiopathic pul-
monary fibrosis: a multicenter case-control study. 
Collaborating Centers. Am J Epidemiol 2000; 152: 
307-315.

 7) farkas l, farkas d, ask k, moller a, Gauldie J, mar-
GeTTs P, inman m, kolB m. VEGF ameliorates pul-
monary hypertension through inhibition of endo-
thelial apoptosis in experimental lung fibrosis in 
rats. J Clin Invest 2009; 119: 1298-1311.

 8) darBy ia, heWiTson Td. Hypoxia in tissue repair 
and fibrosis. Cell Tissue Res 2016; 365: 553-562.

 9) li X, rayford h, uhal Bd. Essential roles for angio-
tensin receptor AT1a in bleomycin-induced apop-
tosis and lung fibrosis in mice. Am J Pathol 2003; 
163: 2523-2530.

10) WaTanaBe m, eBina m, orson fm, nakamura a, kuBo-
Ta k, koinuma d, akiyama k, maemondo m, okouchi 
s, Tahara m, maTsumoTo k, nakamura T, nukiWa T. 
Hepatocyte growth factor gene transfer to alveo-
lar septa for effective suppression of lung fibrosis. 
Mol Ther 2005; 12: 58-67.

11) karamariTi e, marGariTi a, Winkler B, WanG X, honG 
X, BaBan d, raGoussis J, huanG y, han Jd, WonG 
mm, saG cm, shah am, hu y, Xu Q. Smooth 
muscle cells differentiated from reprogrammed 
embryonic lung fibroblasts through DKK3 signal-
ing are potent for tissue engineering of vascular 
grafts. Circ Res 2013; 112: 1433-1443.



Y.-D. Ba, J.-H. Sun, X.-X. Zhao

10798

12) nicholls ac, oliVer Je, mccarron s, harrison JB, 
GreensPan ds, PoPe fm. An exon skipping mu-
tation of a type V collagen gene (COL5A1) in 
Ehlers-Danlos syndrome. J Med Genet 1996; 33: 
940-946.

13) TiPTon da, hoWell kJ, daBBous mk. Increased pro-
liferation, collagen, and fibronectin production 
by hereditary gingival fibromatosis fibroblasts. J 
Periodontol 1997; 68: 524-530.

14) Grande mT, loPez-noVoa Jm. Fibroblast activation 
and myofibroblast generation in obstructive ne-
phropathy. Nat Rev Nephrol 2009; 5: 319-328.

15) JohnsTon ef, Gillis Te. Transforming growth factor 
beta-1 (TGF-beta1) stimulates collagen synthesis 
in cultured rainbow trout cardiac fibroblasts. J Exp 
Biol 2017; 220: 2645-2653.

16) folGer Pa, zekaria d, GroTendorsT G, masur sk. 
Transforming growth factor-beta-stimulated con-
nective tissue growth factor expression during 
corneal myofibroblast differentiation. Invest Oph-
thalmol Vis Sci 2001; 42: 2534-2541.

17) Xiao z, zhanG J, PenG X, donG y, Jia l, li h, du 
J. The Notch gamma-secretase inhibitor amelio-
rates kidney fibrosis via inhibition of TGF-beta/
Smad2/3 signaling pathway activation. Int J Bio-
chem Cell Biol 2014; 55: 65-71.

18) li B, chen h, yanG X, WanG y, Qin l, chu y. Knock-
down of eIF3a ameliorates cardiac fibrosis by in-
hibiting the TGF-beta1/Smad3 signaling pathway. 
Cell Mol Biol (Noisy-le-grand) 2016; 62: 97-101.

19) lee Ph, chu Pm, hsieh Pl, yanG hW, chueh PJ, 
huanG yf, liao yW, yu cc. Glabridin inhibits the 
activation of myofibroblasts in human fibrotic buc-
cal mucosal fibroblasts through TGF-beta/smad 
signaling. Environ Toxicol 2018; 33: 248-255.

20) mccormack Pl. Evogliptin: first global approval. 
Drugs 2015; 75: 2045-2049.

21) yamaGuchi T, WaTanaBe a, Tanaka m, shioTa m, osa-
da-oka m, sano s, yoshiyama m, miura k, kiTaJima s, 
maTsunaGa s, TomiTa s, iWao h, izumi y. a dipeptidyl 
peptidase-4 (DPP-4) inhibitor, linagliptin, attenu-
ates cardiac dysfunction after myocardial infarc-
tion independently of DPP-4. J Pharmacol Sci 
2019; 139: 112-119.

22) zhanG h, sun d, WanG G, cui s, field ra, li J, zanG 
y. Alogliptin alleviates liver fibrosis via suppres-
sion of activated hepatic stellate cell. Biochem 
Biophys Res Commun 2019; 511: 387-393.

23) seo JB, choi yk, Woo hi, JunG ya, lee s, lee s, Park 
m, lee ik, JunG Gs, Park kG. Gemigliptin attenu-
ates renal fibrosis through down-regulation of the 
NLRP3 inflammasome. Diabetes Metab J 2019; 
43: 830-839.

24) kim mJ, kim ny, JunG ya, lee s, JunG Gs, kim JG, lee 
ik, lee s, choi yk, Park kG. Evogliptin, a dipepti-
dyl peptidase-4 inhibitor, attenuates renal fibrosis 
caused by unilateral ureteral obstruction in mice. 
Diabetes Metab J 2020; 44: 186-192.

25) zhanG c, zhanG y, zhu h, hu J, Xie z. MiR-34a/
miR-93 target c-Ski to modulate the proliferaton 
of rat cardiac fibroblasts and extracellular matrix 
deposition in vivo and in vitro. Cell Signal 2018; 
46: 145-153.

26) kim y, Wallace J, li f, osTroWski m, friedman a. 
Transformed epithelial cells and fibroblasts/myofi-
broblasts interaction in breast tumor: a mathemat-
ical model and experiments. J Math Biol 2010; 61: 
401-421.

27) eun lJ, kim Je, lee mh, sonG hk, Ghee Jy, kanG ys, 
min hs, kim hW, cha JJ, han Jy, han sy, cha dr. 
DA-1229, a dipeptidyl peptidase IV inhibitor, pro-
tects against renal injury by preventing podocyte 
damage in an animal model of progressive renal 
injury. Lab Invest 2016; 96: 547-560.


