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THE: B BT NPHP B B /IVE TR 400 TNF-of 5538 Bt MR R RAEN T2k, Fik [ EA1E 0 8E Lv-
NPHP[-RNAiH4 B BAR NPHP1 &35 B AT 3 B /NS 40 ik (HK2) i il (NPHP I HK2) ., 3 i 5209 5 78 1 PCR , Western
blot e 2 1 {53652 4600 4% 20 ik TNF-a6 3% . p38 I C/EBPRILT AR A K HH5 484 K 7 CXCL5 ., CCL20  IL- 1B IL-6,
MCP-1 253535500, L H 2 sIRNA BAIREF A BRI NPHP T HK2 40l C/EBPRZE A , Wi [ dehriAsfb, 4558 Mk NPHPI
F:3KJ5 , NPHPI*” HK2 411 ifs TNF-0., C/EBPB.CXCL5 ., IL-1BF1 IL-6 1] mRNA 5 4111 (P<0.05) ; Western blotting 4% 5 . 75% ,
phospho-p38 .C/EBPRRIA [l (P<0.05) 5 H5FR i IL-6 7K P44 i (P<0.05) . fdiFH siRNA i fik C/EBPRR X5 , NPHPI"HK2
4l CSF2 ,CCL20 IL-1BHITL-6 [ mRNA k7K T (P<0.05) ; Western blot i/~ phospho-p38 #ik N1 (P<0.05) ; K5 7%k I
T IL-6 KF R (P<0.001)., 4518 NPHPIREFBEER NPHPI>HK2 2] 1 TNF-of 5 5 8 PRS0 , s i R g EMIE R 73
ik FiE. C/EBPBATAEZAT: NPHP I*°HK 2 411 TNF-of5 53 B AH I S AE R - Fe R A B A% SR F
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C/EBPB mediates expressions of downstream inflammatory factors of the tumor necrosis

factor-a signaling pathway in renal tubular epithelial cells with NPHP1 knockdown
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Abstract: Objective To explore the activation of tumor necrosis factor-a (TNF-a) signaling pathway and the expressions of the
associated inflammatory factors in NPHPI-defective renal tubular epithelial cells. Methods A human proximal renal tubular
cell (HK2) model of lentivirus-mediated NPHP1 knockdown (NPHPI*") was constructed, and the expressions of TNF-«, p38,
and C/EBPB and the inflammatory factors CXCL5, CCL20, IL-1f3, IL-6 and MCP-1 were detected using RT-qPCR,
Western blotting or enzyme-linked immunosorbent assay. A small interfering RNA (siRNA) was transfected in wild-type and
NPHP1*’HK2 cells, and the changes in the expressions of TNF-«, p38, and C/EBPP and the inflammatory factors were
examined. Results NPHPI*"HK2 cells showed significantly increased mRNA expressions of TNF-a, C/EBPB, CXCLS5, IL-1p,
and IL-6 (P<0.05), protein expressions of phospho-p38 and C/EBP{ (P<0.05), and IL-6 level in the culture supernatant (P<0.05),
and these changes were significantly blocked by transfection of cells with siRNA-C/EBPf (P<0.05). Conclusion TNF-a
signaling pathway is activated and its associated inflammatory factors are upregulated in NPHP1*"HK2 cells, and C/EBPP may

serve as a key transcription factor to mediate these changes.
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1.1 miedk L XA RR

B A RN ST /NS R AR (HIK 2 41 Hh
J7 BE B B R R . A A
ZHZUE RNA 25U & HiScipt [T %% 548570 &
FRAPCPE YRR i PCRATIN AT & (R s i mE e A=
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Tab.1 Interference sequence

B A A R AT, B4 L7 (Sigma) , DMEM/F12
DMEM basic(Gibco) ,0.25%J 2 [1#§-EDTA (Gibco) ,
10*/mL 457 % (Gibeo) , IFIA A K (Sigma) , 1 <WRER
ZZ 1P (1xPBS,0.0067 mol/L ) (Gibeo) , ¥4 .40
NI 2 (A0 (AU FERERHE A B AR,
GP-transfect-Mate( 7 75 B LR AL B TR AT , fadit
NPHPI £ vl bR (Sigma) , %adyip-tubulin B v BEHT A
(LA EYRHATBR A F]D , St CEBP beta F oyl
iR (i Abcam) , %2t p38 MAPK ,phospho-p38 517
GEPUAR (i SRR R 2 RHE A BR A ) ) L L =Edife
IgG(H+L)-HRP Bt &b miric (huH b et
HABRATF).
1.2 %37k
1.2.1 4RINAR NPHPI #2584k 4k ik HK2 20 io LR My 3
PR NPHP T BRI 3R89 8 40 & & RNA (LV-
NPHPI-RNAi, THFHN L 1, FEE PR AR
YL HK2 40, 4 s 28 N8 NPHP T e (IR 26k 4 iy
HK2 B, F IR B B A E S I0 A5 e, B A ke
SRR T AL E R HiTransG A JERYL 0 sm 1 T
FEe, FRIRIENG R R TARMREERERE T 23552 48 h
AT BB

Number Accession NO.

Target Seq GC

NPHP1-RNAI (106032-1) NM_207181

Description

ccAAGTCGTATTTCATTGATT

26.32%

Homo sapiens nephrocystin 1 (NPHPI), transcript variant 2, mRNA

1.2.2 UK C/EBPp& L #9/ FH RNA(siRNA) 69 #y52
5454 siRNA-C/EBPRABAPEXT Gt R Y 2
AR, TP FI L 2, #5945 GP-transfect-Mate,
P M 5 3 PR 0wl PR A | S0 Ao AR A A HE 5
FHkAT,

123 miassicly 20 g R URCE T 37 C.
5% CO, 2 M 35 % 4 b B35 3% o HK2 41 il 15 5% fi 1)
DMEM basic+10%FBS+1%X{t, NPHPI*"HK2 4 fifl

&2 TR

Tab.2 Interference sequence

Number Sequence (5'—3")

C/EBPB-RNAI-1 UUCUUUAAAUAACACCACGGG

C/EBPB-RNAi-2 UUCCAUGGAUUUAAAGGCAGG
C/EBPB-RNAI-3 AAGAGGUCGGAGAGGAAGUCG

Negative control UUCUCCGAACGUGUCACGUTT

Bl 158 2R 35 5L : 10%FBS+1 %37 1+0.02% 475
#+88.98% DMEM basic. 4if84) 640 : B AERI(WT) |
H7 /1 A (WT+siRNA-C/EBPB)  BF A= 25 2 8 (W T+
siRNA-nc) . NPHPI #i{fil. # (KD) . NPHPI #ifik IF C/
EBP#i I (KD+siRNA-C/EBPP) | Ak 25 #8 (KD+
siRNA-nc),

1.2.4 tmpe ez ek (i 24 FLANM B S- AR VR 2 i
TER , A vk JEE Wi B, —Pr iR 1,
P HIEH 1 h, NS DAPLAYE A7, T9O6 i
55N MEI A  image) M TPOGE R

12.5 b & KA 5 PCR qPCR 5|4 i IRDIFE R HLN
AR FAN LR 3, T A/ ZH 25 RNA S HGAGR 6
FRHUANM BLRNA, HiScipt 113007 5] G 53]
cDNA, = 7 8 Yo ph vk 2 i PCR R 3t 7] 65 i &
qPCR WK , DA 3R G Bl i s e E R
PR FIFRAL, FLAARSE LR AR He IR R A T
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Tab.3 Sequences of qPCR primers

Target gene qPCR primer (5'—3") An[l);; (l)l(if;tslon GC (%) Teg}g i?gfes
GGAGCGAGATCCCTCCAAAAT (Upstream) 52.38 59.86 °C
GAPDH 197 bp
GGCTGTTGTCATACTTCTCATGG (Downstream) 47.83 59.38 °C
GCTACAGAAGGCACTATTAGGT (Upstream) 45.45 57.33°C
NPHPI 177 bp
TGTGGCTCTGACTGTATGAATG (Downstream) 45.45 58.13°C
GCTGCACTTTGGAGTGATCG (Upstream) 55.55 59.55°C
TNF-a 108 bp
TCACTCGGGGTTCGAGAAGA (Downstream) 55.55 60.25°C
GGAGCCCGTCGGTAATTT (Upstream) 55.56 57.05°C
C/EBPB 76 bp
TCTGCATGTGCGGTTGG (Downstream) 58.82 57.87°C
AGCCAGATGCAATCAATGCC (Upstream) 50.00 59.25°C
CCL2 119bp
AGCTTCTTTGGGACACTTGCT (Downstream) 47.62 60.13 °C
ACAGTGGCAATGAGGATG (Upstream) 50.00 54.54°C
IL-1B 129 bp
TGTAGTGGTGGTCGGAGA (Downstream) 55.56 56.74 °C
GTACATCCTCGACGGCATC (Upstream) 57.89 57.82°C
IL-6 98 bp
TCAGGTTGTTTTCTGCCAGT (Downstream) 45.00 57.56 C
GCGAATCAGAAGCAGCAAGC (Upstream) 55.00 60.52°C
CCL20 116bp
GATGTCACAGCCTTCATTGGC (Downstream) 52.38 59.87°C
CAGACCACGCAAGGAGTTCA (Upstream) 55.00 60.25°C
CXCL5 82bp
CTTCCACCTTGGAGCACTGT (Downstream) 55.00 59.89 °C
GGCAGGAGCTGAACAAGACA (Upstream) 55.00 60.25°C
P38 92bp
AGCACACACAGAGCCATAGG (Downstream) 55.00 59.75°C
GAAACTTCCTGTGCAACCC (Upstream) 52.63 56.73 °C
CSF2 121 bp
CATCTGGCCGGTCTCACTC (Downstream) 63.16 59.86 °C
AP TCGCTGCCTCCAAGTGCCGAAA (Upstream) 34b 59.09 67.20 °C
- P
AAGCTGTGCCACCTGTTCCCT (Downstream) 57.14 64.32°C
CREBS AAGACTGCCCAATAACAGCC (Upstream) 50.00 58.16 °C
150 bp
CCACCTCGCTGACCGATG (Downstream) 66.67 60.20 °C

1.2.6 Western blotting # | fifi Ff} RIPA % [ 24 il ik
(B8 ) AN B Atk 7t 960 PMISF 2 1A JH0 S 570) e e 4
HIFIEE AN AR, BCA VR E BB IR, INAE A
Loading buffer 43 J& ¥ 15 min 8% . Bt & 10% SDS-
PAGE BEIZ , 4% 50 pg/fLINMREE A, FRIK T B R 4%
575 , % 2 PVDF i |, 5%BSA-TBST i k1 4]
1 h, 4 “CW¥H& NPHPI(1:1000) .C/EBPB(1:1000) .
p38(1:1000) . phospho-p38(1:1000) —Prid 7 (£ /b
8h). TBSTVEAR 10 min, T 37K, MIA 1:10 000F
BN — P IR E 1 he FRX TBST YLK 10 min, FE
3. ECLMMUEIC I, LIB-tubulin y N2,
8 H Imaged BT 45 S X IR BEE . A8
FERNT=25 R KRB/ XN NS KB

1.2.7 FEBCAEW BFSE5 (ELISA) - ELISA 145 & it
DUEEAY) TRRATRARIRAL, AR T i

oy ol B ol N B M o e - S g L W = LG R
EHAT o AR EERS BEARUE S, A (EIL G e AL
AR EAAERD b A MR, A NS R
1.3 gitF ik

K H GraphPad Prism9.0 51 #8508, 1R
BHVIEAIEZEFTR . L ZORHCECR ] efa i, 2
HPRHEECR R R )7 225011, P<0.05° K2R BA
geiterm L

2 R
2.1 MM NPHPI & IA HK2 20 AR

45 B 5 OR |, LV- NPHPI-RNAi (106032-1) %4 J [
NPHPI*"HK?2 4fl ifs NPHPI i) mRNA 2 ik [ A% 74%
(&l 1A) , H: 45 %5 1 nephrocystin-1 A X} K B {5 %%
NPHPIWTHK2 4L, TFE230%([# 1B~C,P<0.05)
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Fig.1 Expression of NPHP1 in HK2 cells after LV-NPHP1-RNAI transfection. A: Relative NPHP1 mRNA level. B: Relative
protein levels of nephrocystin-1 (#=3). C: Western blotting for detecting nephrocystin-1 expression in NPHPIWTHK2 and
NPHP1*’HK2. D: Immunofluorescence staining images of NPHPIWTHK2 and NPHP1*"HK2 (scale bar=50 um). E:

Quantification of NPHP1 staining. *P<0.05.

2.2 SAKHK2 @ fie NPHP %% , TNF-a. & il 589 %
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qRT-PCR %5 5 /R , NPHPI*"HK2 2 ifd Hf TNF-a.,
5% N C/EBPB ML i AY CXCLS  IL-1BFIIL-6 [
mRNA #i5 Fi#(F 2A~F,P<0.05). 475 NPHPI
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CCL20,CXCL5.IL-1B.IL-6 i) mRNA 57K V- F I,
1M CCL2 235 i (P<0.05,#15)

Pt 366 0 92 W o S B0 45 2R s, i (IR S PR -
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SR> B PR RIA R, 25 e AR X

(P>0.05) ; 734N MCP-1 B335 /111 (P<0.001) .
2.4 3K C/EBPRxF TNF-ofz 5 i@ ¥4 4m AL 1 15 5 355 )
SRR A

IR NPHP1 UL R [R) E A C/EBPPXT p38 26



-+ 160 -

J South Med Univ, 2024, 44(1): 156-165

http://www.j-smu.com

TNF-q C/EBPP CXCL5
- £
A 25 . B 2(5) C ij s
ol 201 2T L] T T
E E i e 35 E E 1.2
== < 3.0 =
ZJ 15 29 25 Z g L0
=] =
&3 3 20, E 208
©3 1.0q 2% 15 2206
5 3 s2 - 5 3
RSN ] 5204
5T 05 2z 9 1.0 Bl
ol 0.51 =% 02
0 0 0
S S S
Q\gﬁ Q\;@ Q@\ﬂ‘ & Q\sﬁ \;8\*9
@2‘2‘ @2‘2\ < K\ ’@;‘5 q;éQ
k\@ \x‘(j‘ Qs@ Qs@ Q&g' ‘3&
CSF2 IL-1B IL-6
D 30 E 40, o F 25 .
- — _ 35] —
Sz 25 ) Sz 20
5 5 53 30 B0
<% 20] <% <=
5 &) 5 G 251 5 S s
g 8 1.51 ag 2.0 55
.gé 1.04 ‘QE) ‘g 1.54 -g ‘g 1o
:3 o ,,7:; 2 104 § 505
05 0.51
0 0l 0
S S O
. & Q\;Q o Q\;(S) ‘;8\’@ «38&
@‘3‘ ,@2‘2‘ @2‘2‘ ,@2‘2\ S 0@2
CCL2 . CCL20
G 1.2 " H . sk
— T 1.0
3 10 £3
2= <% 08
<< 08 Z 3
zZ 3 ~
4 €2 06
=2 06 et
© g 22 04
2204 S2-
kot 22 02
2 S 02 :
0
0 S
« \5179 Q\ﬂl QY
98\ QS V«Q‘ Q‘é‘
< o & \Oﬁ
Q&’V R\t S »

2 B NPHPI FRi%E3 TNF-of 5 S 18 BRI #2M0

Fig.2 Effect of NPHP1 knockdown on TNF-«a signaling pathway in HK2 cells. A-H: Relative mRNA levels
normalized to GAPDH. Compared with NPHPIWT HK?2 cells, the expression of TNF-a, C/EBPB,CXCLS5, IL-13
and IL-6 was up-regulated, and the expression of CCL2 and CCL20 was down-regulated in NPHP1*” HK2 cells

(n=3). *P<0.05; **P<0.01.
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Fig.3 Relative mRNA expressions of the transcription factors AP-1 (A), C/EBPB (B) and CREB5 (C) of TNF-a
signaling pathway in NPHP1*” HK2 cells (n=3). **P<0.01.
A .., C/EBPp B (&Q% @Q;&
3.5+ *hkk < ,‘,C\ Qﬁc fo) ﬁo
Tz 301 S \@ng \"1’9\«“9&9
L9 > I @2‘2‘ S g g™
<% 257 P& @@
2 G 207 ST ST VST ST
E= 1.54
EE 1.0 A% - LAP*-"'--—! 40 000
22 ] LAP - -
SF 054 35000
= < 25 000
\ﬁl @?}Q% «\;C \359 \@@Q% Oﬁ —
S 4 T ¥ oY F 15 000
S S S o @23 LIP * e - = 10000
PP s
o N B-tubulin 70000
® W TS S ——— —
- - 40 000
LAP*
c " * . D 40; LAP
B 4l 2 g 3.5+
€5 | * T 5T 254
53 1.0 | 2200
£ 2 08 2 ]
it 238 159
> 2 0.6 = @ 1.0
z 2 s 5 1.0+
3 2 044 ©T 05
27 02 s T
0 S )
& ﬁ‘ﬂo\@% G @@@s@ R \,«4& R Q@@ g & ) ps
Q % A\ Q QY b Ql \2; = S
EREE N ¢ & VS
w ‘2\ WY & N\ ‘l~9’ SV
o PR O & ¥
Q&q‘ \313’ W W
E El4 4 siRNA-C/EBPBATZLAZHAE C/EBPRIRIERISING
0.7+ LIp * Fig.4 C/EBPP expression in each cell line after transfection
£ 067 with siRNA-C/EBPB. A: Relative C/EBPB mRNA level in
=5 037 cells transfected with siRNA-C/EBPB was reduced,
£ % 0.4 especially in the NPHP1*"HK2 cell line (n=6). B: Western
=
i 0.3 blotting of C/EBPB protein in NPHPIWT and NPHP1*” HK2
-% % 0.2 cells. The expression of C/EBPP subunits in the transfected
27 019 siRNA-C/EBPp cells is significantly reduced. C-E: Relative
0- @ R $ LAP*/LAP/LIP protein levels adjusted to (-tubulin. The
QY OQ& «§$ Q?’ @ protein expressions of LAP* and LIP subunits are reduced
’@8& Y Q» ? \@ in cells transfected with siRNA-C/EBPp, especially in the
Qv N «g&} ¥ NPHP1*° HK2 cell line. *P<0.05; ***P<0.001; ****P<0.0001.
MRl S
N R



- 162 - J South Med Univ, 2024, 44(1): 156-165

http://www.j-smu.com

CSF2

[
TLTTLT?

Relative mRNA level 3
adjusted to GAPDH

o
W
|

CCL2

4.0+ sokokok

Relative mRNA level A
adjusted to GAPDH

Relative mRNA level ™
adjusted to GAPDH

25+ CXCL5
T>) : sk
i A 2.04
== 1
Z35 1.5
%2
23 11 o
§-§ 0.5
T R OO L
QS\’Q& C\@Q’Q ﬂﬁi Q\}e ’Q\Q’% \}50%
QY S Y S
S S
W R
b ten, CCL20
1.2+ sk
55 1.0
<% 0.8 *
% 2 0.6
28 04
ﬁ% 0.2
SR SR
‘23@1 o @*&i Q\@L@?’ \pﬁ
= \,Q& S "lfé \@ ‘ZQS
Nl S e
s @2‘2& \x@ Y (@
& o
. IL6
F 2.5+ skokok

Relative mRNA level
adjusted to GAPDH
.o — o (3]
i S A

R
& & ?\@,o\‘& &
. R & \'@ < \@ g QD
NI S R\
W ’éq‘?‘ @ ‘gbﬁQ ‘5@

BE5 BHfHK2 2088 C/EBPRXT TNF-of5 S BSR4 Bl F mRNA FiksK TSN

Fig.5 Effect of C/EBPP knockdown on the expression of inflammatory factors related to TNF-a
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the change of CXCL5 is not statistically significant. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.
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