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[ Abstract] Objective To investigate the effect of human umbilical cord mesenchymal stem cells ( hUC-
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MSC) on the apoptosis of retinal ganglion cells ( RGCs) in diabetic retinopathy ( DR) model rats and on the
regulation of p38 mitogen-activated protein kinase (p38MAPK) pathway. Methods Forty-five SPF male 8-week
old SD rats were selected. The DR rat model was established by intraperitoneal injection of streptozotocin ( STZ)
combined with a high-sugar and high-fat diet. The fasting blood glucose (FBG) and body weight of the rats were
measured every week during the high-sugar and high-fat diet, and fundus angiography was used to observe the
circulation and leakage of retinal blood vessels. Forty rats with successful modeling were randomly divided into model
group and hUC-MSC injection group according to the random number table method, with 20 rats in each group.
Another 20 normal rats fed routinely were served as control group,and intraperitoneally injected with the same amount
of citric acid buffer. The hUC-MSC injection group was injected intravitreously with hUC-MSC, and the control group
and model group were injected intravitreously with the same amount of phosphate buffer saline ( PBS). Fluoro gold
(FG) retrograde tracer labeling RGCs was used to observe the number of survived RGCs. Hematoxylin-eosin staining
was used to observe the pathological changes of retina. TUNEL method was used to observe the apoptosis of RGCs.
Western blot was used to detect B cell lymphoma /leukemia-2 (Bel-2) ,Bel-2 associated X protein ( Bax) ,p38MAPK
and phosphorylated (p-) p38MAPK protein expression in retinal tissues. The use and care of the rats complied with
the ARVO statement. The study protocol was approved by an Animal Ethics Committee of Zhengzhou central Hospital
Affiliated to Zhengzhou University (NO.2980316). Results The FBG of control rats was maintained at a normal
level,and the body weight gradually increased over time, and was gradually decreased as the course of disease
prolonged. The retinal blood vessels ran normally without fluorescein leakage in the control group. In the modeling
group,the FBG was maintained at a high level,and the body weight increased slowly and gradually decreased with the
prolongation of the disease course since the second week after modeling. The distal retinal vessels were found twisted
with large area of capillary fluorescein leakage in the modeling group. The density of RGCs in the control group,model
group and hUC-MSC injection group were (2 136.10+215.17) , (849.40+167.82), (1 549.20+183.26) cells/mm’,
with significant overall differences (F=115.218,P<0.01). The density of RGCs in the model group and the hUC-MSC
injection group were significantly lower than that of the control group, and the density of RGCs in the hUC-MSC
injection group was significantly higher than that of the model group,and the differences were statistically significant
(all at P<0.05). The retina in the control group was with clear structure, distinct layers, and a large number of
complete RGCs. The number of RGCs in the model group was significantly reduced with nuclear pyknosis, thinned and
atrophied RGC layer. The retinal structure was relatively complete, and there were more RGCs in the hUC-MSC
injection group than the model group. The apoptosis rates of RGCs in the control group, model group and hUC-MSC
injection group were (2.16+1.11)%, (43.47+2.26)%, (20.75+2.18) %, with significant overall difference
(F=445.159, P<0.01). The apoptosis rates of RGCs in the model group and hUC-MSC injection group were
significantly higher than that of the control group,and the apoptosis rate of RGCs in the hUC-MSC injection group was
lower than that of the model group, and the differences were statistically significant (all at P<0.05). There were
statistically significant differences in the relative expression levels of Bax, Bel-2 and p-p38MAPK proteins in the
retina tissues among the three groups ( F=30.982,12.526,73.158,all at P<0.01). The relative expression of Bax
and p-p38MAPK protein were significantly higher,and the relative expression of Bel-2 protein was significantly lower
in the hUC-MSC injection group and the hUC-MSC injection group than those of the control group,and the differences
were statistically significant (all at P < 0.05). The relative expression of Bax and p-p38MAPK protein was
significantly lower, and the relative expression of Bel-2 protein was significantly higher in the hUC-MSC injection
group than those in the model group,and the differences were statistically significant (all at P<0.05). There was no
significant difference in the relative expression of p38MAPK protein among the three groups (F=1.182,P=0.322).
Conclusions Intravitreal injection of hUC-MSC can inhibit the apoptosis of RGCs in DR model rats and protect the
retinal structure of rats,which may play an anti-apoptotic effect by inhibiting the p38MAPK signaling pathway.

[ Key words] Diabetic retinopathy; Human umbilical cord derived mesenchymal stem cells; Retinal ganglion
cells; Apoptosis
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Figure 1 Changes of FBG and body weight of rats in each group
A':Change curves of FBG ~ The FBG of rats in the control group was
maintained at a normal level,and the FBG of rats in the modeling group
was maintained at a high level B:Change curves of body weight The
body weight of rats in the control group was increased steadily over time,

and the body weight of rats in the modeling group was increased slowly,

and began to gradually decrease on the second week after modeling

FBG : fasting blood glucose
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Figure 2 Fundus angiography images of the two groups A:The

retinal blood vessels of rats in the control group run normally without
fluorescein leakage B:The distal retinal vessels of rats in the modeling

group were distorted and large area of fluorescein leakage was observed
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Figure 3 Fluoro gold retrogradely labeled RGCs staining images of retina stretched preparation in each group( FG x
200,bar=40 wm)

than that in the control group

A IR 41 RGCs % 8k

A :The RGCs density was high in the control group B:The RGCs density in the model group was lower
C:The RGCs density in the hUC-MSC injection group was higher than that in the model group
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Figure 4 Histopathological staining results of rat retina in each group ( HE x 400, bar = 50 pm)

S I 3

A; The retinal

structure in the control group was normal B:The number of RGCs in the model group was reduced with pyknosis C:The

retinal structure in the hUC-MSC injection group was similar to that in the normal group
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Figure 4 Apoptosis staining images of RGCs in each group (TUNEL x400,bar=50 pm)
cells was found in the retina of the control group
that of the control group C:There were fewer TUNEL-positive cells in the retina of hUC-MSC injection group than that of the

model group
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A 1 Boactin: B-IL S 28 F1 s hUC-MSC ;A4 1 76 7 41

Figure 6 Electrophoretogram of Bax, Bcl-2, p38MAPK, p-p38SMAPK
protein expression of retinal tissues in each group The Bax and
p-p38MAPK protein expression bands were stronger and the Bel-2
protein band was weaker in the model group and the hUC-MSC injection
group than those in the control group;the Bax and p-p38MAPK protein
expression bands were weaker and the Bel-2 protein expression band was
stronger in the hUC-MSC injection group than those in the model group.
There was no significant difference in the intensity of the p38MAPK protein
Bel-2: B cell lymphoma/
leukemia-2; Bax: Bel-2 associated X protein; p38MAPK: p38 mitogen-

expression bands among the three groups

activated protein kinase; p-p38MAPK: phosphorylated-p38 mitogen-
activated protein kinase; hUC-MSC: human umbilial cord derived

mesenchymal stem cell

*x1 £FHAKXR Bax.Bel-2 p3SMAPK . p-p3SMAPK
FEBMEXRIEE L% (mean=SD)

Table 1 Comparison of relative expression levels of Bax,Bcl-2,p38MAPK
and p-p38MAPK proteins in rats among various groups ( mean=SD)
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TGN, 36 AT 2 906 28 5 3% IR T, A8 0 el 20 20 L A 3
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Note; Compared with the control group,®P <0.05; compared with the model group,
hUC-MSC: human umbilial cord derived
mesenchymal stem cell; Bax: Bel-2 associated X protein; Bel-2: B cell lymphoma /
kinase; p-p38MAPK:

"P<0.05 ( One-way ANOVA, LSD-t test)

leukemia-2; p38MAPK: p38
phosphorylated-p38 mitogen-activated protein kinase

mitogen-activated  protein
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AMD ;4 iy #H 56 1 85 345 4 (age-related macular degeneration)

ANOVA ; H.[H & J7 22 /3 #f (one-way analysis of variance)

BUT . {H & ik 24 5} [8] ( breakup time of tear film)

DR ;¥ R 955 #5955 4% ( diabetic retinopathy )

EAU : SEE: B B G5 M 45 I 9% (experimental autoimmune uveitis )

EGF . 3 i A4 K X ¥ (epidermal growth factor)

ELISA . [if§ B¢ £ 9% W% BfF 1 %€ ( enzyme-linked immunosorbent assay )

ERG . 4% ¥ 5 i, [&] ( electroretinogram )

FFA ;5% )6 Z IR JE Il 4% 3 5% (fundus fluorescein angiography)

FGF : L £F 4E 40 iy 4= 1 [H F (fibroblast growth factor )

GFP . 46, 5¢ 63K [ ( green fluorescent protein )

IFN-vy:vy T3t % (interferon-y)

IL: 1 40 s £ X (interleukin )

TOL: A L IR 4 (intraocular lens )

IRBP ;) 8] 57 1A ¥ 85 25 ) Ji 45 4 55 H (interphotoreceptor retinoid
binding protein)

LASIK ; ¥ 43 F 386 ff B8 B A & 42 R (laser in situ keratomileusis)

ICGA . 15| k5 25 [fl. 4% ¥ %2 (indocyanine green angiography)

LECs: i IR | Bz 41 Jfl (lens epithelial cells)

miRNA : 8% /]n RNA ( microRNA)

MMP . % i 4> J& 25 [ i ( matrix metalloproteinase )

mTOR: I Z. s ¥ 2% F % R ¥ % H ( mammalian target of

rapamycin )

MTT . Py B 35 (8 % Mk £k ( methyl thiazolyl tetrazolium)

NF: #% 5 5% ] T ( nuclear factor)

OCT : Y40 F Wi /2 $1 # (optical coherence tomography )

OR : {534 L ( odds ratio)

PACG . JiU K& 4 4] f B 5 JGHR ( primary angle-closure glaucoma)
PCR . 5 & B 4% 2 2 b7 ( polymerase chain reaction )

RGCs : 4% P 5 5 41 Jitd ( retinal ganglion cells)

POAG . J& & P FF ff1 %195 SR ( primary open angle glaucoma)
RB : W % A1 41 2 98 ( retinoblastoma )

RPE . ¥ 9 & {5, 2% | J% (retinal pigment epithelium)

RNV : # 9 Ji 35 A= 1L 4% ( retinal neovascularization)

RP ; #1 } I £, 25 7% 1 ( retinitis pigmentosa)

ST t: BERHTH W 43 W i %5 (Schirmer | test)

shRNA : /N % 3¢ RNA (short hairpin RNA)

siRNA /N T3 RNA (small interfering RNA)

a-SMA ; o-F 5 LA 3N 2 H (a-smooth muscle actin)

TAO ; FUR IR AH ¢ IR 9% (thyroid-associated ophthalmopathy)
TGF . #: 4k 4 K [H 7 (transforming growth factor)

TNF . ifr983 YR 5B A 7 ( tumor necrosis factor)

UBM ;#8754 W) B #35% (ultrasound biomicroscope )

VEGF . [fil 4 N 2 4 K R F ( vascular endothelial growth factor)
VEP . #9175 & H, {3 ( visual evoked potential )
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