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Abstract: Diabetic retinopathy (DR) is the prevalent microvascular complication of diabetes mellitus (DM), and it 
may lead to permanent blindness. The previous publication has indicated that both inflammatory response and 
oxidative stress are critical factors involved in DR progression, however, the accurate regulatory mechanism remains 
to be revealed. Src homology region 2 (SH2)-containing protein tyrosine phosphatase 2 (SHP2), a member of the 
protein tyrosine phosphatase family, was reported to play a role in diabetic nephropathy, whereas its function in 
DR was unknown and required further exploration. The level of phosphorylated, not the total, SHP2 increased in 
the retinas of rats with streptozotocin injection-induced DM. Further, the intravitreal injection of SHP2 shRNA 
lentivirus alleviated retinal pathological changes, and inhibited inflammatory response and oxidative stress, which 
were accompanied with Yes-associated protein 1 (YAP1) deactivation in DR rats. Additional co-immunoprecipitation 
results confirmed the interaction of SHP2 and YAP1. Collectively, our data preliminarily show that DR amelioration-
induced by SHP2 inhibition in rats may attribute to the deactivation of YAP1 pathway.
Key words: diabetic retinopathy, Src homology region 2 (SH2)-containing protein tyrosine phosphatase 2 (SHP2), 
Yes-associated protein 1 (YAP1)

Introduction

Diabetic retinopathy (DR), as the common microvas-
cular complication of diabetes mellitus (DM), remains 
to be the principal cause of visual loss in working-age 
adults during the past two decades [1, 2]. Previous sta-
tistical data prompted that the prevalence of DR at all 
stages has been down-regulated since 1980 on account 
of improved DM treatment, whereas visual impairment 
and loss induced by DR were increased from 1990 to 

2015, especially in low and middle-income countries 
[3–5]. Furthermore, as predicted by the World Health 
organization (WHo), the number of DM patients at risk 
of losing sight is expected to double by 2030 [6]. at 
present, except for tight blood glucose control, novel 
technologies, such as laser photocoagulation treatment 
and luocinolone acetonide implant, are changing the 
therapeutic strategy for DR [7, 8]. although the new 
technologies improved the cost-effectiveness, the treat-
ment outcome is difficult to satisfy most patients. There-
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fore, it is essential to explore the pathomechanism of DR 
to develop more effective treatments.

According to the severity, DR is classified into sev-
eral grades, including mild, moderate, severe non-pro-
liferative, and proliferative DR. The proliferative DR is 
defined by the emergence of neovascularization in the 
retinas [9]. once the DM patients are diagnosed with 
mild non-proliferative DR, they will quickly (only about 
2 to 3 years) develop into a more advanced stage or even 
proliferative DR [10]. Hence, inhibiting the development 
from mild non-proliferative DR to the advanced stage 
may be a new turning point in DR treatment. Recent 
research suggests that Src homology region 2 (SH2)-
containing protein tyrosine phosphatase 2 (SHP2), a 
non-receptor phosphotyrosine phosphatase, shows ubiq-
uitous cytoplasmic and nuclear localization in various 
vertebrate cells [11]. SHP2 is encoded by the PTPN11 
gene, and it possesses a protein tyrosine phosphatase 
catalytic domain and two tandem Src homology-2 do-
mains [12]. a previous study carried out by Shi et al. 
indicated that the tyrosine phosphorylation of SHP2 was 
enhanced in the glomeruli of DM rats, and that the pro-
tective effects of fluvastatin on diabetic nephropathy 
might be attributed to the de-phosphorylation of SHP2 
on the tyrosine site [13]. Their following in vivo ex-
periment confirmed that hyperglycemic condition pro-
moted the tyrosine phosphorylation of SHP2 in glo-
merular mesangial cells, supporting the above 
hypothesis [13]. This previous study also implicated that 
the abnormal activation of SHP2 aggravated retinal gan-
glion cell injury via blocking brain derived neurotroph-
ic factor (BDNF)/SHP2 dephosphorylates tropomyosin 
receptor kinase B (TrkB) pathway [14]. Inversely, SHP2 
knockdown mediated by adeno-associated virus serotype 
2 preserved retinal ganglion cell loss in a glaucoma 
animal model, indicating that SHP2 could potentially 
serve as a therapeutic target for retinopathy [14].

It is well accepted that the role of inflammation and 
oxidative stress in DR progression cannot be ignored 
[15–18]. It has been newly reported that the beneficial 
effects of aflibercept on high glucose-elicited retinal 
damage are achieved by inhibiting inflammation [19]. 
Clinically, application of Coenzyme Q10 and combined 
antioxidant therapy for 6 months is effective and safe for 
DR patients [20]. Meanwhile, a recent study has re-
ported that the phosphorylated SHP2 level is elevated in 
the intestine diagnosed with inflammatory bowel disease, 
accompanied by decreased anti-inflammatory cytokine 
IL-10 secretion [21]. Zheng et al. have found that the 
induction of SHP2 mutation is involved in several patho-
genic processes in primary mouse embryonic fibroblasts, 
including oxidative stress [22]. These studies imply an 

involvement of SHP2 in diseases associated with 
inflammation and oxidative stress. SHP2 deletion is 
known to inhibit the activity of Yes-associated protein 1 
(YaP1), which can alleviate DR injury [23, 24]. These 
findings thus suggest that SHP2 may be one of the pos-
sible targets for treating DR.

Here, we hypothesized that SHP2 was a potential tar-
get for DR treatment. For this, we explored the expres-
sion and phosphorylation of SHP2 in the retinas of dia-
betic rats and further investigated its biological function 
in vivo and in vitro.

Materials and Methods

Animal treatment
Healthy Sprague-Dawley rats (male, 8–9 weeks, 

220–250 g) were purchased from Liaoning Changsheng 
Biotechnology Co., Ltd. (SCXK (Liao) 2020-0001) 
(Shenyang, China). all rats were kept in a standard 
laboratory environment (temperature 22 ± 1°C, humid-
ity 45–55%, 12 h light/dark cycle) and provided with 
normal rat chow and water. all the experimental proce-
dures strictly adhere to the Guide for Care and use of 
Laboratory Animals. The Ethics Committee of The Sec-
ond Hospital of Jilin university approved all the ex-
perimental operations.

Establishment of animal models: Rats were intraperi-
toneally injected with 65 mg/kg streptozotocin (STZ, 
dissolved in 0.01 mol/L citric acid buffer, pH 4.5) (Alad-
din, Shanghai, China) after overnight fasting to establish 
a diabetes model. Control rats received an equal volume 
of citric acid buffer. The fasting blood glucose at 72 h 
post STZ injection was detected (Sinocare, Changsha, 
China). Rats with a blood glucose over 16.7 mmol/L 
were subjected to following experiments.

SHP2 expression manipulation: Diabetic rats received 
intravitreal injection of 1 µl SHP2 shRNa lentivirus 
(LV-shSHP2, 1 × 108 TU/ml) or the negative control 
lentivirus (LV-shNC) at 24 h and week 4 after blood 
glucose determination. All rats were sacrificed at the end 
of week 8. The concentration of blood glucose was mea-
sured after rats were sacrificed. Timeline for the experi-
mental procedure was shown in Fig. 1a.

Hematoxylin and eosin (HE) staining
The aforementioned retinas were paraformaldehyde-

fixed, embedded, sectioned into slices of 5 µm. after 
being deparaffinized in xylene (Aladdin) and rehydrated 
with 95%, 85% and 75% ethanol in turn, the retinal sec-
tions were stained in hematoxylin solution (Solarbio, 
Beijing, China) for 5 min and counterstained in eosin 
(Sangon, Shanghai, China) for 3 min. The morphological 
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changes of retinal tissues were observed under a light 
microscope (BX53, Olympus, Tokyo, Japan) at 200× 
magnification.

Immunohistochemistry
The rehydrated sections were incubated in 3% H2o2 

for 15 min, blocked in goat serum for 15 min at room 
temperature, and then incubated with primary antibodies 
at 4°C overnight. after washing using PBS, the retinal 
sections were incubated in horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit IgG secondary anti-
body at 37°C for 1 h. Eventually, the sections were 
stained in diaminobenzidine solution (Solarbio) and 
counterstained in hematoxylin solution (Solarbio). The 
retinal sections of control rats exposed to rabbit IgG 
rather than the primary antibody were served as the iso-
type control. Images were observed under a light micro-
scope (BX53, Olympus) at 400× magnification. Antibod-
ies used here were shown in Supplementary Table 1.

Immunofluorescence
Similar to the procedure of immunohistochemistry, 

the retinal sections were treated with primary antibodies 
against GFaP and CD45 overnight at 4°C, Cy3-labeled 
goat anti-mouse IgG secondary antibody at room tem-
perature for 1 h, and finally 4’, 6-diamidino-2-phenyl-
indole (DaPI). Immune-positive protein expression was 
observed under a fluorescence microscope (BX53). 
antibodies used here were shown in Supplementary 
Table 1.

Dihydroethidium (DHE) staining
The sectioned retinal sample (10-µm thickness) was 

washed with distilled water, incubated in DHE dye 
(Beyotime Institute of Biotechnology, Shanghai, China) 
at 37°C for 1 h in dark according to the manufacturer’s 
instructions. The fluorescence in the retinal tissues was 
observed under a light microscope (BX53) at 400× mag-
nification.

Fig. 1. Expression of SHP2 in the retinal tissues of diabetic rats. (A) Timeline for the experimental procedure. (B) 
Western blot was used to detect SHP2 and p-SHP2 (Tyr580) levels in rat retinal tissues. Data were repre-
sented as mean ± SD (n=6). The data from two groups were analyzed by t-test. *P<0.05 vs. the control 
group. (C) Immunohistochemistry was used to confirm p-SHP2 (Tyr580) protein distribution in the retinal 
tissues (upper: 400× magnification, scale bar=50 µm; bottom: 800× magnification, scale bar=25 µm). DR: 
diabetic retinopathy group. ONL: outer nuclear layer; OPL: outer plexiform layer; INL: inner nuclear 
layer; IPL: inner plexiform layer; GCL: ganglion cell layer.
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Real-time polymerase chain reaction (RT-PCR)
Retinal samples were used to isolate total RNa 

through using Trizol reagent (Tiangen Biotech (Beijing) 
Co., Ltd., China). The total RNA was synthesized into 
corresponding cDNa via super M-MLV reverse tran-
scriptase (Beyotime Institute of Biotechnology). Exicy-
clerTM 96 System (Bioneer, Daejeon, Korea) was used 
to detect the fluorescence, and the relative mRNA expres-
sion of targeted genes was calculated via 2−ΔΔCT method. 
β-actin was regarded as the housekeeping gene. The 
primers obtained from GenScript (Nanjing, China) were 
shown in Supplementary Table 2.

Western blot
The total protein was isolated from retinal tissues us-

ing RIPa reagent (Solarbio) containing PMSF (Solarbio). 
Afterwards, the protein concentration was quantified by 
a BCa protein concentration assay kit (Solarbio), and 
electrically separated by 10% sodium dodecyl sulfate-
polyacrylamide gel. Protein in the target region was 
transferred to the PVDF membranes (Millipore, Biller-
ica, Ma, uSa), which were then blocked in 5% skimmed 
milk (Sangon) for 1 h at room temperature. The blocked 
PVDF membranes were incubated in primary antibodies 
overnight at 4°C and then in goat anti-rabbit/mouse 
HRP-conjugated secondary antibody 37°C for 1 h. Pro-
tein bands were visualized via chemiluminescent (ECL) 
(Solarbio, China) and quantified by Gel-Pro-Analyzer 
software. antibodies used here were shown in Supple-
mentary Table 1.

Co-immunoprecipitation
HEK293T cells were obtained from Shanghai Zhong 

Qiao Xin Zhou Biotechnology Co., Ltd. (Shanghai, 
China) to certify the binding between SHP2 and YaP1. 
In brief, HEK293T cells were transfected with SHP2-
Flag vector or/and YaP1-Ha vector for 48 h. afterwards, 
the cells were incubated in Protein a agarose at 4°C for 
2 h and separated by sodium dodecyl sulfate-polyacryl-
amide gel. after transferring to the PVDF membrane, 
the membranes were blocked in 5% skimmed milk for 
1 h at room temperature. In turn, the membranes were 
exposed to the primary antibody (Ha-tag (WB, rabbit) 
antibody and flag-tag (WB, rabbit) antibody, ABclonal, 
Wuhan, China) overnight at 4°C and goat anti-rabbit 
HRP-conjugated secondary antibody 37°C for 1 h. Fi-
nally, the target bands were visualized by using ECL 
reaction (Solarbio). antibodies used here were shown in 
Supplementary Table 1.

Statistical analysis
Data were presented as the mean ± SD. all the in vivo 

and in vitro experiments were independently repeated 
for three times. Data were analyzed via one-way aNo-
VA test followed by Tukey’s test among multiple groups 
or two-tailed unpaired Student’s t-test between two 
groups using Graph Pad Prism 8.0 software. P<0.05 was 
considered statistically significant.

Results

SHP2 expression in the retinal tissues of diabetic 
rats

The expression and phosphorylation of SHP2 in the 
retina of diabetic rats were detected with Western blot 
assay. as shown in Fig. 1B, the retinal expression of 
total SHP2 in diabetic rats was similar to that in control 
animals, while the phosphorylated SHP2 (at Tyr580) was 
markedly increased in diabetic rats (P<0.05). Immuno-
histochemical staining results also showed that phos-
phorylated SHP2 was widely distributed in the retina of 
diabetic rats (Fig. 1C). The above data suggested that 
the level of phosphorylated SHP2 was elevated in the 
retinal tissues of diabetic rats.

Effect of SHP2 silencing on pathological changes 
in the retinas of diabetic rats

To knock p-SHP2 level down in the retina, the dia-
betic rats were intravitreally injected with LV-shSHP2. 
Knockdown of SHP2 via intravitreal injection of LV-
shSHP2 did not alter blood glucose levels of diabetic 
rats (Supplementary Table 3). As shown in Fig. 2A, the 
levels of both SHP2 and p-SHP2 were decreased in the 
retinal tissues of diabetic rats (P<0.05). However, the 
phosphorylation level of p-SHP2 in LV-shSHP2 treat-
ment, which was normalized to SHP2 protein, was in-
creased, compared to that of LV-shNC treatment. as 
exhibited in Fig. 2B, intact and clear retinal structure 
could be found in the control group. In diabetic rats, the 
thickness of retina was increased (Fig. 2C, P<0.05) ac-
companied by loosening retinal layers. These morpho-
logical changes could be remitted by SHP2 knockdown 
(Fig. 2B and C, P<0.05). The above data suggested that 
retinal SHP2 knockdown may be beneficial for DR.

Effect of SHP2 expression on inflammation in the 
retinas of diabetic rats

Müller cell gliosis, vascular leukocyte adhesion, mi-
croglia recruitment, as well as relative inflammatory 
factor levels were all detected to evaluate inflammation 
in the retinal tissues of diabetic rats. Müller cell gliosis 
labeled by GFaP protein was reduced by retinal SHP2 
knockdown (Fig. 3a). as illustrated in Fig. 3B, the re-
cruitment of Iba1-positive microglia in the retina was 
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also decreased with SHP2 silencing. CD45 is a trans-
membrane protein tyrosine phosphatase that marks leu-
kocytes [25]. Results of immunofluorescence staining 
using anti-CD45 antibody revealed that SHP2 knock-
down markedly reduced leukocytes in the retina of dia-
betic rats (Fig. 3C). Moreover, the retinal mRNa levels 
of pro-inflammatory TNF-α, IL-1β, and IL-6 were down-
regulated, while that of anti-inflammatory IL-10 was 
up-regulated in diabetic rats injected with LV-shSHP2 
(Figs. 3D–G, P<0.05). The above data suggested that 
retinal SHP2 knockdown could attenuate retinal inflam-
mation associated with DM.

Effect of SHP2 expression on oxidative stress in 
the retinas of diabetic rats

DHE staining was utilized to measure ROS generation 
in the retinal tissues. as indicated in Fig. 4a, oxidative 
stress labeled with DHE was aggravated in several reti-
nal layers, including outer nuclear layer (oNL), inner 
nuclear layer (INL) and ganglion cell layer (GCL), in 

diabetic rats. Retinal RoS production in diabetic rats 
was significantly inhibited by SHP2 knockdown (Figs. 
4a and B, P<0.05). The above data suggested that retinal 
SHP2 knockdown could alleviate retinal oxidative stress 
associated with DM.

SHP2 regulates YAP1 activity in the retinas of 
diabetic rats

To further investigate mechanisms underlying SHP2’s 
role in DR progress, the expression of YaP1 was de-
tected. as shown in Fig. 5a, the phosphorylation of 
YaP1 at Y357 was weakened in diabetic retinas, which 
was enhanced when SHP2 was silenced (P<0.05). Total 
expression of YaP1 altered in the opposite manner with 
phosphorylated YaP1 in the retina (P<0.05). The 
BLASTP analysis further confirmed the high degree of 
homology in SHP2 and YaP1 between Homo sapiens 
and Rattus norvegicus (Fig. 5B). The results of co-im-
munoprecipitation confirmed the interaction of SHP2 
and YaP1 (Fig. 5C), indicating that YaP1 activity was 

Fig. 2. Effects of SHP2 silencing on pathological changes in the retinas of diabetic rats. LV-shRNA or LV-shSHP2 
particles were delivered to rats with DR. The protein levels of phosphorylated SHP2Tyr580 (p-SHP2) and 
total SHP2 in retinas were determined with (A) Western blot analysis (left), and normalized to β-actin 
(middle). The p-SHP2/SHP2 ratio was calculated. (B) Representative retinal images of HE staining (upper: 
200× magnification, scale bar=100 µm; bottom: 400× magnification, scale bar=50 µm). (C) Retinal thick-
ness. DR: diabetic retinopathy group. Data were represented as mean ± SD (n=6). The yellow two-way 
arrows represent retinal thickness. The data were analyzed by one-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison test. #P<0.05 vs. the control group and *P<0.05 vs. the DR+LV-
shNC group.
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regulated by SHP2. The above data suggested that SHP2 
might be involved in the development of DR by regulat-
ing the activity of YaP1.

Discussion

In the present study, the expression and phosphoryla-
tion of SHP2 were first determined in the retinas of rats 

Fig. 3. Effect of SHP2 expression on inflammation in the retinas of diabetic rats. (A) Representative images of immunofluorescence 
probing GFAP in the retinal tissues (upper: 400× magnification, scale bar=50 µm; bottom: 800× magnification, scale bar=25 
µm). (B) Representative images of immunohistochemistry targeting Iba-1 in the retinal tissues (upper: 400× magnification, scale 
bar=50 µm; bottom: 800× magnification, scale bar=25 µm). (C) Representative images of immunofluorescence probing CD45 
in the retinal tissues (200 × magnification, scale bar=100 µm). The relative mRNA levels of (D) TNF-α, (E) IL-1β, (F) IL-6, and 
(G) IL-10 in the retinal tissues. DR: diabetic retinopathy group. Data were represented as mean ± SD (n=6). The data were ana-
lyzed by one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test. #P<0.05 vs. the control group 
and *P<0.05 vs. the DR+LV-shNC group.

Fig. 4. Effect of SHP2 expression on oxidative stress in the retinas of diabetic rats. (A) Representative images and 
(B) quantification of DHE staining in the retinal tissues (upper: 400× magnification, scale bar=50 µm; bot-
tom: 800× magnification, scale bar=25 µm). DR: diabetic retinopathy group. Data were represented as mean 
± SD (n=6). The data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s 
multiple comparison test. #P<0.05 vs. the control group and *P<0.05 vs. the DR group.
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with or without DR. Then, the biological function of 
SHP2 was investigated in DR via loss-of-function ex-
periments of SHP2. Data of our study showed that the 
phosphorylated rather than the total SHP2 was up-reg-
ulated in the retinas of diabetic rats. SHP2 knockdown 
alleviated retinal pathological changes, inhibited inflam-
mation and oxidative stress, thereby slowing down DR 
progression in rats. In addition, this therapeutic effect of 
SHP2 knockdown was likely to be achieved by inhibit-
ing the activity of YaP1.

Currently, rigorous blood glucose control is the first 
choice for the prevention and treatment of DR. Mean-
while, it has been reported that the disease progression 
of DR is rapidly developed [8]. For most DR patients, 
they are likely to develop more advanced or even pro-
liferative DR within about 2–3 years following the di-
agnosis of mild non-proliferative DR [8]. Therefore, 
inhibiting DR development at the early stage is urgent. 
Phosphorylation at Tyr-580 of SHP2 has been demon-
strated to stimulate its tyrosine phosphatase activity by 
interacting with C-terminal SH2 domain [26]. In the 
present study, total protein levels of SHP2 were un-
changed, but its phosphorylation level at Tyr-580 was 
significantly increased in the retina of diabetic rats, sug-
gesting the activation of SHP2 in DR. Given this finding, 
we believed that knockdown of SHP2 ameliorated DR 
in rats probably via inhibiting its phosphorylation. The 
upregulation of relative phosphorylated SHP2 (p-SHP2)/
SHP2 ratio induced by SHP2 shRNa did not change the 

fact that the absolute p-SHP2 level was downregulated. 
Exploring the precise role of SHP2 by applying a spe-
cific inhibitor that only targets phosphorylated SHP2 is 
further needed.

Generally, emerging evidence has revealed the func-
tion of SHP2 in cell survival, proliferation and migration 
[27–29]. Recent studies also demonstrate the involve-
ment of SHP2 in the regulation of inflammation and 
oxidative stress. The role of SHP2 in inflammation-re-
lated diseases is still debatable. Liu et al. have expound-
ed that SHP2 deficiency availed caspase-1 splitting, 
which subsequently led to pro-inflammatory IL-18 eleva-
tion in macrophages stimulated with lipopolysaccharide 
(LPS) plus palmitic acid (Pa), and in liver tissues derived 
from high-fat diet-treated mice [30]. Their team also 
reported that SHP2 knockdown in mouse macrophages 
facilitates NLR Family Pyrin Domain Containing 3 
(NLRP3) inflammasome hyperactivation, accelerates 
IL-1β and IL-18 production, thereby deteriorating mu-
rine peritonitis [31]. Phosphorylated SHP2 level was 
elevated in the colonic macrophages and blood mono-
cytes collected from patients with inflammatory bowel 
disease (IBD) [21]. However, on the contrary, macro-
phage SHP2 deficiency protected mice against colitis 
[21]. our study also elucidated that tyrosine phosphory-
lation of SHP2 was enhanced in diabetic retinas, which 
was consistent with earlier studies [13–14]. The role of 
oxidative stress in DR should not be underestimated. 
Previous studies have found that the therapeutic strate-

Fig. 5. SHP2 regulates YAP1 activity in the retinas of diabetic rats. (A) The ratio of phosphorylated YAP1Y357 (p-YaP1) to total YaP1 
were analyzed in the retinal tissues with LV-shSHP2 injection. DR: diabetic retinopathy group. LV-shSHP2: SHP2 shRNA len-
tivirus. Data were represented as mean ± SD (n=6). The data were analyzed by one-way analysis of variance (ANOVA) followed 
by Tukey’s multiple comparison test. #P<0.05 vs. the control group and *P<0.05 vs. the DR+LV-shNC group. (B) Homology of 
SHP2 and YaP1 between Homo sapiens and Rattus norvegicus by BLASTP analysis. (C) Co-immunoprecipitation was used to 
examine SHP2 and YAP1 interaction in HEK293T cells. SHP2-Flag and YAP1-HA plasmids were co-transfected into HEK293T 
cells.
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gies targeting oxidative stress disorders improve the 
outcome of DR patients [18]. Our findings showing that 
SHP2 knockdown reduced renal RoS generation sug-
gested SHP2 as a potential target in oxidative stress as-
sociated with DR.

Multiple signaling pathways are regulated by SHP2, 
we only explored the molecules both involving DR and 
SHP2. Bioinformatic analysis results combined with 
previous research data indicated that there existed an 
interaction between SHP2 and YaP1 [23]. Several previ-
ous studies mainly focused on the role of YaP1 in stem 
cell proliferation and progenitor dedifferentiation [32, 
33]. Served as a major downstream molecule, YaP1 
activity is negatively modulated by the tumor suppressor 
Hippo pathway, whose activation contributes to tumor 
growth restriction and apoptosis [34, 35]. The recent 
work of Han et al. presented that YaP1 was overex-
pressed in retinas of diabetic mice, and that knocking 
down YaP1 inhibited the proliferation, migration, and 
angiogenesis in retinal microvascular endothelial cells, 
indicating that upregulation of YaP1 contributes to DR 
progression [24]. our study also demonstrated that activ-
ity of YaP1 was reduced in response to SHP2 silencing, 
which supported the findings from Han et al. [24].

From these results, we concluded that DR ameliora-
tion-induced by SHP2 inhibition in rats may attribute to 
the deactivation of YAP1 pathway. These findings might 
provide a new insight into the therapeutic strategy for 
DR.
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