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Mechanism of klotho gene regulation on insulin resistance in trophoblast cells through IGF-1/PI3K

signaling pathway to affect development of gestational diabetes mellitus
HUTI Shuning, DONG Liqgin
(Department of Obstetrics , The First Af filiated Hospital of Xi’an Medical College ,Shannxi Xi’an 710003 ,China)

[ Abstract JObjective To explore mechanism by which klotho regulates insulin resistance (IR) in trophoblast cells through insulin
like growth factor 1 (IGF-1)/phosphatidylinositol 3-kinase (PI3K) signaling pathway to affect development of gestational diabetes
mellitus (GDM). Methods The Human Protein Atlas (HPA) database was used to predict expression of klotho in human placenta.
The human placental trophoblast HTR-8-Svneo cell line was used to establish an IR model by treating cells with different
concentrations of insulin. The expression of klotho gene in the cells was reduced using shRNA technology. The human placental
trophoblast cells in the experiment were divided into four groups:control group.IR group.IR + shRNA-klotho group.and IR +
shRNA-klotho-NC group (negative control for IR + shRNA).Real time quantitative polymerase chain reaction (RT-qPCR) was
used to detect klotho mRNA expression; CCK-8 reagent assay was used to assess proliferation of the cells; terminal
deoxynucleotidyl tranferase-mediated dUTP-biotin nick end labeling assay (TUNEL) was used to detect apoptosis of the cells;
Western blotting was used to detect expression of related protein in the cells and glucose uptake test was used to assess glucose
uptake capacity of the cells. Results The studies from the HPA database show that klotho is expressed at relatively high level in the

placenta.In our study.it was found that compared to the control group.expression of klotho mRNA in the trophoblast cells in the
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IR group was significantly higher (=16.063, P <C0.001) , while cell proliferation ability weakened at both 24h and 48h (¢ =5.312
and 8.647 respectively,both P<C0.001) ,with an increased apoptosis rate (z =6.258, P <C0.001). After reducing klotho expression
through shRNA transfection,compared to the IR+ shRNA-klotho-NC group.the proliferation ability of the trophoblast cells in the
IR+ shRNA-klotho group improved at both 24h and 48h (1 =5.082 and 11.092 respectively.both P<C0.001) ,and the apoptosis rate
decreased (1=4.640,P <(0.001).Western blot analysis showed that expression of klotho protein in the cells in the IR group was
significantly higher than that in the control group (+=7.842,P<C0.001) ,while expression of IGF-1 protein was significantly lower
than that in the control group (1 =6.950, P <C0.001),and phosphorylation levels of IGF-1 receptor (IGF-1R).PI3K,and insulin
receptor substrate 1 (IRS-1) were also significantly lower (t=3.813,P<0.001;¢=23.075,P =0.003;¢=28.733,P<0.001). After
the expression of klotho was reduced. the expression amount of IGF-1 protein in the trophoblast cells in the IR+ shRNA-klotho
group was significantly lower than that in the trophoblast cells in the IR+ shRNA-klotho-NC group (z=6.558, P <C0.001) , while
the level of IGF-1 and the phosphorylation levels of IGF-1R,PI3K and IRS-1 protein also significantly higher (z=28.206,P<C0.001;
t=14.601,P<C0.001;¢=3.296,P =0.002;¢t=12.326,P<C0.001).Furthermore,compared to the control group.the glucose uptake of
the trophoblast cells in the IR group was significantly lower (z =15.788, P <C0.001). After the expression of klotho gene was
reduced ,compared to the IR+ shRNA-klotho-NC group, the glucose uptake of the trophoblast cells in the IR+shRNA-klotho group
was significantly higher (=4.173,P<C0.001). Conclusion Reducing expression of klotho gene can improve IR in trophoblast cells,
promote cell proliferation,reduce cell apoptosis,and enhance glucose uptake.It is hypothesized that these effects exert through the
IGF-1/PI3K signaling pathway.These findings provide new molecular targets for understanding and treating GDM.
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(https://www. proteinatlas. org/) 43 # klotho 7E A
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Vneo 41 (1 X 10° 4> /FL) R0 ) 24 fLARL, 5% CO, |
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1.5 RT-qPCR & # U 48 B klotho mRNA
Fix

WCHE A AL AN, i FH A RNA $EBGR ) (TrizoD
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96 FLAL . PR E A FIX YL, BA s 5 N EE
fL. Z9TF 0.12.24 F1 48 h [ &AL 1opL
9 CCK-8 i, JF 4% 96 fLAk & T 37°C Ky 324 b 8x
7% 2h, 78 450nm Ab F 430606 BE 11 I 4 5 FL OD fA .
T2 B A ARG

® 1 klotho X A% GAPDH 3|41 3
Table 1 Sequences of klotho gene and prime of internal reference protein of

glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

EIEZ 2]l LiEs1 4 L]
klotho 5'-AGCAATCTGGTCTGAATAACACTGG-3' 5'-AGCAATCTGGTCTGAATAACACTGG-3'
GAPDH 5-“TGATCTAAAGCCACGCCTCC-3' 5'-GGGACCATTAGTGGGTGAGC-3'
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Ve —dr RN —HAE IR T WEE 2 /N DL 5
Rl A5 5 . Ve 2 =40, A A IF 4 A Image J 3K
PEXT H b3 2% D6 % BEE #1743 H1, LU GADPH h 2

nTPM
140
120
100

80

60

BT AR R AR Rk &

1.9 448 B 2 %7 4 IR 5 )

HUA- AL 40 M 4 Fp T 96 FLEF SRR, 55 9% 24h,
JH R A 0 240 e %oF ] 2 W Y B e L ORI A&
2 i A MR TH AR A

110 it FFH &

FH] Graphpad prism 9 #4758 1122 53
Bl A+ bR v 22 (x = 5) ok, PR E] OB R
FABSEREAR ¢ KB, M i ELEE =K, Y
P<20.05 B, BN 22 5 A Ge it ae B L

28R

2.1 Klotho ZERA & B RIXFR
HPA %4 % &7~ . klotho RNA K& 1 R 7E G
AN B —EKFRR, K 1~2,

Fig.1 Expression of klotho protein in human

placental tissues (from HPA database)

2 klotho RNA E A& AR HFRIEER (HPA 5 E)
Fig.2 Expression of klotho RNA in different human body tissues (from HPA database)
L X6T 5 7 W £ B B B /b . 5 36h.Opemol/ L ZHAH L AF
G2 (1 =9.061,P<C0.001), WL 3,

2.2 FEE E#H HTR-8-Svneo HPHAE R4 3
23 10pmol/L. 36h &b 3 ) HTR8-SVneo ZH
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mmOumol/L 3 1pmol/L mmSumol/L mRNA Y AH XS 3 35 7K F B R BEAR (0 = 4.068, P <
87 310pmol/L EM20umol/L C50umol/L 0.001) ;IR 45 IR+ shRNA-klotho-NC £ Jt B i} 22
EZ i l NI P F(P>0.05). L% 2,
= 510 & T (TP S ! £ &\ Klotho mRNA EifkF (5 +s)
ﬁ% 4- Table 2 Expression levels of klotho mRNA in the
g 34 trophoblast cells in the four groups (x & s)
® 21 2t klotho mRNA
(1): | Control 41 0.76740.082
24h 36h 48 h 60 h IR 2 1.183£0.147"
55 Opumol /L 4L L * P<<0.05. IR+ shRNA-klotho-NC 41 1.133%0.121
B3 RERERES S A IE HTR S Svneo 4 IR+ shRNA-klotho # 0.8174£0.117%2
7 B B 18] X E E AR R B E B R 5 Control 414, ~ P<C0.05; 5 IR 41 L4, *P<0.05: 55
Fig.3 Effect on glucose uptake of HTR-8/SVneo cells IR+ shRNA-klotho-NC 4 #f Lt , #P <0.05,
at different time points after being treated 9. % 40 40 R 0 5 BE T b B

with different concentrations of insulin

VUL 20 B A Oh B R WL B 40 i 15 ) A 2 ¢

2.3 FAMA klotho mRNA RiLKF (P>0.05), 7 24.48h i}, 4% F Control 41,IR 41

RT-qPCR il % 41 HTR-8-Svneo 4l klotho 0 S ) B R AIG (¢ =5.312.8.647,P<C0.001), #H
mRNA AR IR K-, L5 & B, 5 control ZH AH # T IR + shRNA-klotho-NC 4, IR + shRNA-
e IR 2H 40l klotho mRNA [ 4 X} 36 3k /K F 8 3% klotho 2H 2 A 1% o/ W B & FF = (¢ = 5.082,11.092,
FFim (¢ =6.063, P<0.001); 5 IR+ shRNA-klotho- P<20.001), IR #H #l IR+ shRNA-klotho-NC #H 4
NC 44 # . IR + shRNA-klotho 4 41 i klotho MTE 7 TE I B 2% 5 (P >>0.05) . % 3,

K3 BHARFTHBATEKAEGLES

Table 3 Viability and apoptosis rate of the trophoblast cells in the four groups (x =s)

4l AT 1 (%)
21 5 T D
0h 24h 48h
Control 21 50.1749.75 100.67414.01 136.00411.01 6.22+0.99
IR 4 49.50+38.31 64.50+9.05" 89.50+7.23" 11.05+1.32"
IR+ shRNA-klotho-NC 41 50.8347.14 69.83+10.13" 85.17+3.31" 10.37+1.91"
IR+ shRNA-klotho 41 50.50+4.14 101.334+11.31%4 130.1749.37%4 6.7840.88%4

. 5 Control 41 %, * P<<0.05; 5 IR 41 L #, “P<C0.05; 5 IR+ shRNA-klotho-NC £ # It , 2P <C0.05,

2.5 RAMBEAT BRI HREIE=7.842,P<0.001),IGF-1 & 1% ik
FEE T Control ZH ., IR ZH 20 M U8 T 3% W 2 7 &5 B G E F R =6.950,P<C0.001),IGF-1R,PI3K
(t =6.258, P <C0.001), % T IR + shRNA- AL IRS-1 28 8 AR A K F 0 12 35 T B (1 = 3.813,
klotho-NC #H . IR + shRNA-klotho 25 28 g J T 2 [ 3.075.8.733, P << 0.05), 1% F IR + shRNA-
(¢t =4.640, P < 0.001), IR Z1f1 IR + shRNA- klotho-NC 4 , IR+ shRNA-klotho H 40 8 klotho &
klotho-NC £H 4 L 1 3 ) J6 W] i 2% 5 (P =>0.05) FIAE R 0. T 9 (¢ =6.558. P<<0.001) . 1GF-1 W]
WL 4,33, B BT (¢ =8.206, P<C0.001), IGF-1R,PI3K #l IRS-1
2.6 & AP klotho.IGF-1/PI3K & B J& 48 3% AR ALK 2 (1 =4.601.3.296.12.326,
EEMEEAT P<C0.05), IR 411 IR+ shRNA-klotho-NC £ 41 s
5 Control 41 H#% . IR 4141 klotho % 1 ik T F kR E 82 R (P=>0.05) W 5,
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Fig.4 Apoptosis of the trophoblast cells in the four groups by TUNEL staining
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Fig.5

p-IRS-1 in the trophoblast cells in the four groups

2.7 SAMBEFHERIUER LB

% T Control 4, TR £H 47 Jifd 4 75 4 45 B At b
EREAR (1 =5.788,P<C0.001), A% T IR+ shRNA-
klotho-NC #H , IR+ shRNA-klotho 41 2 fits %] % i 45
WU B T (1 =4.173,P<<0.001) , IR 20 F1 IR+
shRNA-klotho-NC 21 Lt %% W J B i 2% 5 (P >>0.05) ,
%4,

®1 FAMBFEERIERL (L
Table 4 Glucose uptake of the trophoblast cells

in the four groups (x £s)

IR+ shRNA- IR+ shRNA-

21 51 Control 4 IR %1
ontro klotho-NC 41 Kklotho 4
WA BEE 6.931.19 4.0340.30" 4.4240.76" 5.974+0.50%4

# (nmol/L)

5 Control #H H %, * H5 IR AH#K.7P<0.05:5
IR+ shRNA-klotho-NC 20 #H [t , 2P <C0.05,

P <C0.05;
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BEAR . Al TR JE MG 3R 0 TF 46 8 O 7 4 iR
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3.2 Klotho EEMEARIES £WZIEMH

klotho 1 — A>3 2 3L I 4 N 2507 & 3K, 7 %)
LK 2 50kb, A 5 DA TR 4 AW T
klotho 3= % 3% ik 3 ot 15 /N4 % i ok 28 DA, AR 5%
% RS R G B S A AU — 8 Rk FEALIR PR
HUR PURAL R L P MLR T B2 Y AR S £ R
AEFERON Y, B AR R B S IR A AT R B
klotho 5 Z Flt 3% M i 98 149 & s BIL 1 285 D10 AH €, tn 3
S RING IR VN S R RN R A 7/
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