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Klotho protein inhibits Treg/ TH17 cell-mediated immune escape of cervical can-
cer cells by regulating TGF-B1/Foxp3/RORyt signaling pathway

LI Mei, ZHANG Hongyan, SHAO Haiou (Department of Gynecology, Integrated Traditional Chinese and Western Medicine Hospital
of Cangzhou City, Cangzhou 061000, Hebei, China)

[Abastract] Objective: To study the effect of anti-aging Klotho protein on immune escape mediated by regulatory T cells (Treg)/help-
er T cells 17 (TH17) in mice bearing cervical cancer and its mechanism. Methods: The model of cervical cancer-bearing mice were es-
tablished, and the control group (normal mice), model group (cervical cancer-bearing mice model), and Klotho treatment group (cervi-
cal cancer-bearing mice treated with Klotho protein, 200 ng/d) were set up. The weight of cervical cancer tumors in mice of each group
was weighed at 7 and 14 days after treatment respectively, PBMCs were separated at the same time. Flow cytometry was used to detect
the changes of T lymphocyte function and the proportion of Treg and TH17 cells in mice. PCR was used to detect the expressions of
Foxp3 and RORyt, the key transcription factors of Treg/TH17 cells, in PBMCs of mice in each group. The changes of IL-17, IL-6, IL-
10, TGF-p and IL-23 in PBMCs were detected by ELISA. The protein expressions of Klotho, TGF-f, Foxp3 and RORyt in PBMCs of
mice were detected by WB assay. Results: On the 14th day, the tumor inhibition rate of the cervical cancer-bearing mice in the Klotho
group was significantly higher than that in the Model group [(52.16£8.25)% vs (23.33+6.29)% the model group to be supplemented, P<
0.05). Compared with the Control group, the ratios of Treg and TH17 cells in the lymphocytes of the tumor-bearing mice significantly
increased (all P<0.05), the ratios of total T lymphocytes (CD3"), auxiliary/induced T lymphocytes (CD3"CD4") and immune index
(CD3'CD4/CD3'CD8" cells) decreased significantly (all P<0.05); in addition, the mRNA expressions of Foxp3 and RORyt genes, cyto-
kines of IL-17, IL-6, IL-10, TGF-P and IL-23, as well as protein expressions of TGF-B1, Foxp3 and RORyt increased significantly (all P
<0.05), while the level of Klotho protein significantly decreased in Model group (P<0.05). Compared with the Model group, the above
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indicators showed opposite changes in Klotho group (P<0.05), but there was no significant difference with the Control group (all P>

0.05). Conclusion: Klotho protein may inhibit Treg/TH17 cell-mediated immune evasion in cervical cancer-bearing mice by inhibiting

TGF-B1/Foxp3/RORyt signaling pathway and exert anti-tumor effect.
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A T bk B2 4 f Th B b ic b4 (FITC #wic 1) CD3\PE
FRICHI CD4.APC FRiC ) CD8) \ Treg i Pt 4 (PE-RCP
Fric i) CD4 FITC ##1C ) CD25 \PE bric i ORI g4
3% Al ¥ 3 (foxkhead/winged helix transcription factor,
FOXP3) . Th7 4Hfi b1t LA (FITC #7121 CD4PE bric
I IL-17) S B 5 v B BRI H 56 [ BD A w] , RPMI
1640 U557 R 2F 7% IR AN A 2 B v | 58
Gibco 2 7], TRIzol & RNA AT i % il )
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FHTC TS 88 ELE /K , 800xg 540> 5 min, 2537 J&
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% 1 4H(Control 4H) , AMEAT AT AL B 3 5 25008 fup SR AT 2
(Model 2H) , K4 200 wl 1) _E 3R BE 7K 5 2 41 i B i 42
F/NRA MM F 2k 2292 em &b R, FFER /N
BRSO, 24 H N B SR E AR 5 mm N B Y B 35
Jees fur R A5 L B 1) s Kllotho 25 1 40 2 4H (Klotho 2H) , BV &
B AR /N RIS RIS , B R R MRSV 200 pl 1
Klotho & H&EW (1 ng/ul)
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O 7 3k 98 i e A T I B 0, 800x g B0y 5 min, 25
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A e, 55 1 N B R 28 2 B oIl N FITC AR 12
CD3 JufA \PE Fric 1) CD4 Hi A . APC A1 ) CDS i fh
%5 ul, 7R iR N EHE A 20 mine PHZHA N 1 ml (¥
PBS & PEE 17K, 1 500xg B0 5 min, B0 100 pl
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FITC F5ic #) CD25, % i~ &G & 20 min J5 , 5351
BN 500 wl AR P AR S 5504 10 min, B9 00 25 B3
F M PE #ric ] Foxp3 $ifd , 8 % 5% & 20 min, PBS
Ve VIR G E B A E 9 =M SRS ) 25 4 /0 SRk
EL 401 - CD4'CD25 Foxp3'/CD4  (Treg) 41 it EL 431

HX 500 pl o J bk T2 4 Ji =200 N 1 ml #) RPMI
1640 21 Jf 35 230 T 40 B 35 F2 B 5 I N 3 0k I 2, T
20 ul, #5773 h J5 800xg B5.0 5 min Y SE 40 L, Im A
500 pl f) PBS & J5 75 OR HEE AR . 2620 7l

HI FITC A3 ic [1) CD4 % i 6§ & 20 min, PBS
ek LR , 23 BIN 200 pl 40 Bk 5750 A B & 15
min J&7 , BTN 200 pl (1920 B A% 155 771 B A1 PE #5111
IL-17 HUARBEE Y B 30min, J5 PBS WEi 1 X B 240
J 5 b 20 R ASORS DN % 2 /) BRIk B 4 i R CD4IL-
17°/CD4*(Th7) 41 fa i) L 431

1.6 qPCR 42 ] Klotho & & 4 32 34 7 98 s RAR # &
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FI F TRIzol ¥ $1 B 4% 20 /)5 5B vbk 20 40 i 1)
RNA, 7366 B IR 5E A RNA IR , 30 3 sl ) &
S5 Bt 3 A A AR BN/ DN BRUIBR EEL 40 PRI L RNA 500 ng 743 2]
cDNA f#% . Foxp3 RORyt 3L K f{] qPCR 5|4t I i
AT AR WA KGR D, %8 SYBR Premix Ex
Taq™ 11 5 33t B 7 v5 3E AT #:4E , 1 22 [E Bio-Rad 1Q5
qPCR RGBT K . GAPDHAE NS FE N, #E47 3
WEG SR, P2k b 5% 21/ RO 40 i
Foxp3 . RORyt mRNA [ X} FRIE 1 5 o
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Tab.1 Real-time PCR primer sequence

Primer name

Sequence

Foxp3 Sense:

Foxp3 Anti-sense:
RORyt Sence:
RORyt Anti-Sence:
GAPDH Sense:
GAPDH Anti-Sence:

5’-CACCTATGCCACCCTTATCCG-3’
5’-CATGCGAGTAAACCAATGGTAGA-3’
5’-CCGCTGAGAGGGCTTCA-3’
5’-TGCAGGAGTAGGCCACATTACA-3’
5’-AGGTCGGTGAACGGATTTG-3’
5’-GGGGTCGTTGATGGCAACA-3’

1.7 ELISA # ) Klotho & & 4t 32 %} A% ik &, 4w & IL-
17\ 1L-6IL-10.TGF-B.IL-23 %~ist 69 %} °f
53 B 1 8% 2 /) B MR Ak £ 400 B 4 i 29K 500 pl,
JCTHE PBS BRI 17, F RPMI 1640 18 %5 41 i 25 i g 1 %
10> /mlo % ZHHC 1 ml 40 M 42 31) 6 FLAH B85 77
B, BT ARG SR T Ak 25 57 24 he WUER & 28
F% LB W, ELISA J5 v A6 I L 7 IL-17 . 1L-6IL-10+
TGF-B.IL-23 ({1 & &
1.8 WB# Klotho & & 4L 32 3t A itk €. 4@ AL *F TGF-
B1/Foxp3/RORyt 13 5 i@l #4 48 %k & & k& K 69 %M
Klotho & 1AL 2 14 d J5 , B % 2H /N BB bk E2 44
i, PBS Beik , B4 40 M 1 i A 200 ul ) RAPI 54 i
ZURE 5 VK b 2R fif A 5 B EC/DS BRI O 4 B A
HH. BCA TN & & Ha ik B B WRE,
1 I 30 ng 5K 13347 SDS-PAGE, Joo k8 [ Hi%
2 PVDF I I, 35 73 70l 1% & 2 3l bt Klotho
TGF-PB1. Foxp3 . RORyt. GAPDH —# (1:1 000 ,
4°C N B i %, J5 TBST ¥4 3 9%, £ 7% 5 min;
P9 B HRP ARIC (1) L1 3 P 1gG = H1(1:5 000D, =

5N E 2 h, TBST ¥E% 3 U, IMA 1 ml ) ECL fL %
KOG B B B AT RO B 5, R H
Qunatity One #7041 %% H B8 E AR Rk & .
1.9 %itsaw

%2 SPSS13.0 4t v 3K A4 147 AH O H s 43 4, P
B ds oo, A Z AW HEECR FH K056, 240
[) 1 bU 2 R FH BB 3R 7 22 93 AT (one-way ANOVAD .
DL P<0.05 8 P<0.01 £ %27 BA G %8 L.

2 4 R

2.1 Klotho & ¥ T 44 '8 A B AL B a9 £ K

Klotho £ AL B S0 R /N B 7414 d )5, T EURS
FEJREAR T &, AT 4t RS 5 14 d B Model 2098 o = 2
Fi T 7 dIRF[(0.73£0.16) vs (0.310.09) g, P<0.05)1, 1fij
Klotho £H./)> BI85 S48 A4S &5 25 [(0.32£0.11) ws (0.23+
0.06) g, P>0.05]. 7 d I Klotho £H &5 35108 i 18 /) B8
198 % 5 Model 410235 7% 57 (P>0.05) 5 14 d i}, Klotho
B ST AIR N R RI AR 2R 2 5 T Model 4H[(52.16+
8.25)% vs (23.3346.29)%, P<0.05) .
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2.2 Klotho & & 5 /& #1778 /) KR 3k & 2w fien K -F

T ARG M 45 K% 2 Hox, 5 Control ZH A4 Et
Model 2H 5 200 £ 78 /) BRIk B 400 Jf mh A T 98k B2 20
H1(CD3") /75 5 Tk B2 41 i (CD3'CD4") Eu il %
4195 15 B (CD3'CD4/CD3"CD8") i 3 T [%, (# P<
0.05). M5 Model 41 E# , Klotho £ [ 4b ¥ 41 CD3*

CD3'CD4" 41 ffg L. 451 }2 CD3*CD4/CD3*CDS8" $i #i i
Tt (35 P<0.05) 5 [ I it A5 AR BRI TA] AN 7 d 3] 14 d,
Model 41 F5 25 far J84 /1N B LHE B2 48 g CD3* . CD3”
CD4 40 il b5 % CD3°CD4°/CD3'CD8 #a#1 W &
F% (3% P<0.05) , {H Klotho & [ 4b 2 41 # CD3*.CD3"
CD4 41 g L 1 J2 CD3*CD4/CD3 " CD8 45 % | ) 2. 2%
() P<0.05).

%22 Klotho ZE A E HERHE /R T ik DRk FRYEZNE (=10, x+s)

Tab.2 Effect of Klotho protein on the level of T lymphocyte in mice bearing cervical cancer (n=10, x+£s)

Group CD3'(%) CD3'CD4(%) CD3'CD8'(%) CD3'CD4'/CD3°CD8’
Control 35.11+6.41 24.42+4.16 9.7243.47 2.21%0.55

Model (d 7) 18.39+4.51° 8.57+2.56" 7.89+2.33 0.96+0.34"
Model (d 14) 12.03£5.27°4 4.6742.35'4 6.59+2.71 0.52+0.33"4
Klotho (d 7) 24.58+6.33" 15.2942.11% 8.47+2.63 1.89£0.22%
Klotho (d 14) 28.77+4.1344 20.55+3.4844 9.3342.17 3.1440.47%4

"P<0.05 vs Control group; “P<0.05 vs Model group (at the same time); #P<0.05 vs Mode group (d 7) (in the same group)

2.3 Klotho & & 3 g /& #7 98 )s KA H & m o b
Treg.Th7 8 J&L 5% 49 %} v

I ARG I 25 B D BoR, A R AR
Model 41 & 2% fur I8 /1> Bk 240 g Treg Th7 40 i
5 Control 41 #H bt 33 ¥ 3 Ft &1 (#4) P<0.05) , 1fif Klotho
ZH bR E2 40 0 A Treg Th7 40 ig 2 4% Model 41 12 3% %
i (¥ P<0.05) . 55 Control 41 J¢ & 3 2 7+ (33 P>0.05) ;
TER—H N, 547 dIAHEG , 407 14 d I Model 2
T S0 A 8 /) BRIBR 40 L Treg Th7 20 o LU A3 2 25
L FF (38 P<0.05) , 17 Klotho ZH /) 5 74k B2 41 g 7 Treg
Th7 4 i A7) 55 35 92> (1) P<0.05) o

A
25
~ *xA
é 20
=5 15 *
5] 0 N
e 1
] LA
&= s
0
Control Model Model Klotho Klotho
7d 14d 7d 14d
B
8
,\.G\ 7 *A
S
= 5 *
S 4
= 3 A
g 2 LA
1 B
9 Control Model Model Klotho Klotho
7d 14d 7d 14d

"P<0.05 vs Control group; “P<0.05 vs Model group
(at the same time); *P<0.05 vs d 7 group (in the same group)
1 SRR Klotho FE AR R EHEBEM /R
Treg(A)F1 Th17(B)4HBEAYZE (L
Fig.1 Changes of Treg (A) and Th17 (B) in cervical
cancer model mice treated by Klotho protein
detected by flow cytometry

2.4 Klotho & & * & /& #778 » AR H & m o
Foxp3.RORyt mRNA % i& 6§ %+

qPCR Kl 45 5 (B 2) 271k , Model 41 5 25U 1y J8
/N ERIRE2 41 9 Foxp3 \RORyt mRNA 3£ iA 5 Control
2L AH B 2 2 1 1 (P<0.05) , 1T Klotho 25 [ 4b 20 /N ],
WRE 4+ Foxp3RORyt mRNA 314 % Model ZHAH
Eb U 235 R F% (P<0.05) < 5 Control 2170 2 3 & 7 7&
A —HWN, 5437 dEFAH LG, A 2E 14 d I, Model 4H
B U A IR /)N BB E2 40 2 H Foxp3 \RORyt mRNA %
53 B JF(P<0.05) , 1M Klotho £ /)y 5 bk B 41 Jfg v
Foxp3.RORyt mRNA ik i 2 [#{K (P<0.05) .
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2 OA;
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"P<0.05 vs Control group; “P<0.05 vs Model group (at the same
time); *P<0.05 vs d 7 group (in the same group)
2 Klotho S0¥E 5} = A o /s FRL itk B 4B AL Foxp3(A)s
RORYt(B) mRNA ik 820
Fig.2 Effects of Klotho on the expression of Foxp3 (A) and
RORyt (B) mRNA in lymphocytes of cervical
cancer-bearing mice



+ 1200 -

HR [ MR AR iR T 4k 7, 2019, 26(11)

2.5 Klotho &t 3234 & Uz #7798 > KL & m i o S
A X e R T 69 %56

ELISA J7 iER I 45 5 (3% 3) 27K~ , Model 2H & 35
JeE I8 /0N B VP ES 40 P TL-17 W IL-6.IL-10 . TGF-B . IL-
23 40 it Rl 7 & B 8¢ Control 4133 12 25 88 i (P<0.05) ;
1M Klotho £ [ Ab 3 41 /)y SRR EL 40 g o TL-17 . IL-6 1L~
10 TGF-B1L-23 4 i Kl 7 & 5 Model 2035 B & T
[ (P<0.05) . H 5 Control H L B E E 7 EF —4H
W, 5ALER T AR EE , AL B 14 d B Model 41 & # 1rf
Jed /I8 P EE 40 Jf A TL-17 . IL-61L-10 TGF-B+ IL-23
I f PR 72 42 2 T i (P<0.05) , 1T Klotho 2E /)N Bk
E5 41 ffg 7 IL-17 . IL-6IL-10 TGF-B IL-23 4 Jifd [X] T

TREEE TR WP<0.05.
2.6 Klotho &k 32 3 77 7§ /s R AR € 2w i F TGF-B1/
Foxp3/RORyt 12 5 il %48 X & & 69 % v

WB fa I 45 4 (B 3) &7, Klotho & F AL EE 14 d
J&i » Model ZH 75 2519 £ 988 /) B JIL Ik B2 40 i 7 Klotho 25
7K °F- % Control 41 B & K B& (P<0.05) , TGF-B1.
Foxp3. RORyt £ H & 15 ¥ W] & F+ /& (P<0.05) ; 5
Model ZH#H Et. , Klotho £H /)~ R 78R B2 41 . - Klotho 2%
& & 52 TH i (P<0.05) W TGF-B1.Foxp3  RORyt &
& 2 FE% (P<0.05) , 55 Control 4H LU I 3 T & 2%
5.

73 Kolotho £0IB XS = A a8 /)N B ik B2 4 A oh S F 4 X 4B B (] 77Kk SE B9 20 [p,/(pg- ml ™)

Tab.3 Effect of kolotho treatment on levels of immune-related cytokines

in lymphocytes of cervical carcinoma-bearing mice[p,/(pg-ml™")]

Group IL-17 IL-6 IL-10 TGF- IL-23
Control 74.58+19.45 53.57+17.43 33.14+9.38 35.69+7.88 29.96+8.89
Model(d 7) 156.42+22.35° 93.79+18.82°  68.26:11.50° 89.34+19.24" 94.43+18.44°
Model(d 14) 288.39+26.67°4  111.50£18.93°%  94.84+1557"%  193.57+21.39°%  175.35+20.25"4
Klotho(d 7) 90.46+18.33%  65.38+14.33%  44.5749.04" 51.02+11.25° 45.59+9.46 %

Klotho(d 14)

43.27+£15.59 44

35.68+11.3644

31.24+8.4144

20.25+6.6744

18.15+£6.3844

"P<0.05 vs Control group; “P<0.05 vs Model group (at the same time); #P<0.05 vs d 7 group (in the same group)

Control Model Koltho
AU . e RORyt

e S s Foxp3

S e e TGP
- e - Klotho
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Fig.3 Effects of Klotho on TGF-p1/Foxp3/RORyt signaling
pathway related proteins in lymphocytes of mice

bearing cervical cancer
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