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Transcription factor BATF3 promotes malignant biological behavior of clear cell
renal cell carcinoma cells by regulating vimentin

ZHEN Chao', NIU Yunfeng’, LIU Liang’, LIU Shuang’ (1. Department of Pathology, Xinle Municipal Hospital, Shijiazhuang 050700,
Hebei, China; 2. Department of Pathology, the 980th Hospital of the Joint Logistics Support Force of PLA, Shijiazhuang 050082,
Hebei, China)

[Abstract] Objective: To investigate the expression of basic leucine zipper ATF-like transcription factor 3 (BATF3) in clear cell renal
cell carcinoma (ccRCC) and the molecular mechanism of its regulation of malignant biological behavior of ccRCC cells. Methods:
ccRCC tissues and para-cancerous tissues were collected from 64 ccRCC patients who underwent surgical treatment at the 980th
Hospital of the Joint Logistics Support Force of PLA from March 2019 to January 2022. The expression of BATF3 mRNA in ccRCC
tissues, para-cancerous tissues, renal carcinoma ACHN and 786-0O cells was determined by qPCR. The expressions of BATF3 protein in
ccRCC tissues and para-cancerous tissues were determined by immunohistochemistry and the relationship between the expressions and
the clinicopathologic characteristics was analyzed. BATF3 knockdown and over-expression plasmids were constructed and transfected
into 786-O and ACHN cells, and the effects of BATF3 on the proliferation, migration and invasion of 786-O cells or ACHN cells were
determined by MTS and Transwell assays. The effects of BATF3 on the expressions of related epithelial-mesenchymal transition
(EMT) genes of 786-O and ACHN cells were detected by qPCR. CHIP and dual luciferase reporter assay were performed to detect the

binding of BATF3 as a transcription factor to vimentin (VIM) and regulate its transcription. The effects of simultaneous over-expression
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of BATF3 and knockdown of VIM on the proliferation, migration and invasion ability of 786-O cells were determined by MTS and
Transwell assays. Results: Compared with para-cancerous tissues, BATF3 mRNA and protein expressions were markedly higher in
ccRCC tissues (all P<0.01) and the expression level of BATF3 mRNA was closely correlated with the degree of differentiation of
ccRCC and its TNM stage (all P<0.01). Compared with normal renal epithelial cells 293T, the expression of BATF3 was significantly
higher in ccRCC cells ACHN and 786-O (all P<0.01). Knockdown of BATF3 expression significantly inhibited the proliferation,
migration and invasion ability of 786-O cells (all P<0.01). Over-expression of BATF3 significantly promoted the proliferation,
migration and invasion ability of ACHN cells (all P<0.01). Knockdown or overexpression of BATF3 inhibited the expression of EMT-
related genes in 786-O cells or promoted the expression of EMT-related genes in ACHN cells (all P<0.01). BATF3 could bind to sites in
the upstream promoter region of VIM and directly regulate the transcription expression of VIM. Simultaneous overexpression of
BATF3 and knockdown of VIM reversed the effects of over-expression of BATF3 on the proliferation, migration and invasion ability of
786-0 cells. Conclusion: BATF3 was highly expressed in ccRCC tissues and was closely related to its differentiation degree and TNM
stage. BATF3 directly regulated the expression of VIM, which in turn regulated the malignant biological behavior of ACHN and 786-O
cells. Therefore, it could be used as a potential target for clinical treatment of ccRCC.
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FIZRIEH B (P<0.0D) . 45511, BATF3 /£ ACHN
i RIS R IA . MTS SEBe AN S5 5 (B SB) 2R,
i1 2634 BATF3 72 h J& , pcDNA3.1-BATF3 20 ACHN i
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mRNA £ JA & 3 [ ik (& 6B, P<0.01) , B-catenin £l
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R
2.7 BATF3 2 VIM # B &% & H-F

WG B 207 TN BATF3 il g2 2 5 VIM i
5 0 R (R 7TA) o FE R T A 70 A, AR SEE6 B
Z29F 92 VIM ) 15 5% BATF3 i 4%, K, 4301 VIM
A] fE /2 BATF3 1) N E Rl . SNk 58 BATF3 7] 5
VIM A 8l F X &5 &, ARS8 647 7 CHIP 5255 , CHIP
K 45 5 (B 6B) B s, 5% B AL AR HE , BATE3 $7 444
& LT UE DNA & &Y 1 47 /£ VIM 3 3)) 1 it ¢
(GACGTC) , it B BATF3 5 VIM J3 8l 7 X [ 55
G EYE . BUSOG FR B R DR S e 0 2 S (1

A B
P<0.01

L4 Tp<0.01 !

. ' ! 20T
2, 3 -+ sh-NCHl
#® ) |+ sh-BATF34
< 1.0 '\\Q/ 1.5
é 0.8 i 10
E o6 2 b
P Em
= 04 =
< o =2 05
M .0 g

6C) IR, I ik BATF3 Ji5 786-0 41 i H ¢ 't SR B
P52 TF 1 VIM-MUT 2080 pGI3 41 786-0 4 fifd h
PG BUE M TC B ARk . SRR A5 R U, BATF3
REfZ I 5 VIM _R# 8 31 X B4 S 45 6 BB R 1
VIM [ #% 5 3238, IE 52 T VIM J& BATF3 [ B 2
.

8T P<0.01
I 1
K 65
®
<
P<0.01

Jp et
e T
[—1
5 2

0 I |

293 T4l ACHNZH/fl  786-O4H1ff

3 BATF3 mRNA 7EIEE B4 293T #11& £ ACHN,
786-0 4HRE R AU FRIX

24 48 72

éo‘%’ B S

y & & ST
¥

S

S

A:BATF3 {E#4 4 786-0 4l Jitd FR IR #12 ; B : i BATF3 Ji7 786-0 2 i [ 385 E 77 ; C : i Ji BATF3 Ji7 786-O 4l (3L A% HE 71 (x200)
D: mii8 BATF3 Ji5 786-0 4l i 12 28 68 1 (x200) .
4 BURBATF3 3RiANT 786-0 {AREHIIETE T KR ZERE DRV

A B C D
400r P<0.01 . g
) 300 2 ©7| = pcDNA3.I-NC4L
R a 2 0F & PeDNA3.I-BATF34L
= 2 R ]P<001
& 100 i st '
» f;ﬂ;
2 )
E 3t =
= 2 05
1-
0 0
@’ &&’ 24 48 72 96
Y ¥ T & % 5
Qev Vﬁ""\ T & ! o’ ?fwm 3 SR
¢ OQ% pcDNA3.1-BATF34 pcDNA3.1-BATF34

A:BATF3 1E5: 4« ACHN 41 i id ik s B: BATF3 i 33k J5 ACHN 20 i 13451 8 77 s C: BATF3 i1 323X J5 ACHN 41 iy
HIIE R B8 71 (x200) ; D: BATF3 i 33k J5 ACHN 40 i IR 28 E 771 (x200) .
5 UFRIABATF3 Xf ACHN ZRAERYIESE T2 RIRERE SIHISZNG



FR iR AR iR 9T Ak 3, 2023, 30(7)

+ 600 -
A 786-O41Hd
__P<0.01 Olsh-Nc4l

8 I_I W sh-BATF341
6 L

4

2

01

EMTHHCEE R KX

2.
. o0t <001
1.of
0.5F H
B

E-cadherin B~ catenm VIM

(=}

B ACHNZIAE
1 PeDNA3.1-NCA
g : ,&01‘ M pcDNA3.1-BATF341
4(
4
3F
K 257
P<0.01
= —
2.0
%
;E L5 001
s
2 10
0.5
0
VIM

-cadherm B-catenin

A Fk BATF3 J5 EMT A5 5 R %02 : B 1 %34 BATF3 J& EMT S5 R R U % .
El6 BRI TRIE BATF3 X EMT #8x £ E &L A E 0

>
[os]

P<0.01

2 sr
21
3 ul: Y
: s 2
5 3 4 5131 =
1234567891011121314 = 3f
Pling
s$
A1 ML
| 52
2 1F =
-151 GACGTC -146 ;
I BATF3 4 &

C 786-O4A i3

[ EEPcDNA-3.1-BATF3%H  p<g.01
0 pecDNA-3.1-NCZH L

W

HEXF G RS

IeG BATF3fifk

pGI3 pGI3-VIM-MUT pGI3-VIM-WT

A:BATF3 5 VIM J3 3 F 45 &7 55 B: CHIP i /x BATF3 8 5 VIM S 8 FIX 454 s
C: X = B 15 FE R 7R BATF3 v 4% VIM 1R IE
E7 VIMEBATF3HEEZEAMER

2.8 [0 id % ik BATF3 4= 3R VIM 7T i# 4% i % ik
BATF3 *f 786-0 fm fiL 6 35 74 | it 4% #1322 69 %"
MTS 52 56 6 0 25 5 (B 8A) i 7, 15 pcDNA3.1-
NC 4H HL %, pcDNA3.1-BATF3 £ 786-O £ fifd frt) 44 5
W B T E (P<0.01) , [F] B i % I8 BATF3 Al i
% VIM 2H 786-O 4 Jfd (1 184 5 3% 14 W) 3% A B A4k
(P>0.05) . S5 25 R W, i 21k BATF3 7] f i
786-O 3G FE E 77, [F] IS s VIM AT 4111 786-O 4]

>

B

- pcDNA3.1-NCA
—a PCDNA3.I-BATF34
—ac— peDNA3.I-BATF3+sh-VINME

Tp<0.01

MR /(D)

24 48 72 96
i} [E/h

5 8.7
pcDNA3.1-BATF3+sh-VIMZL

ORI BEFE RE 7. Tranwell SZEGAS I 25 5 (B 8B C) i
7N > 5 pcDNA3.1-NC 41 [t % , pcDNA3.1-BATF3 4
786-O 41 f 1) 3L #% 12 28 40 i 03 8 B Tt (3
P<0.01) , i %A BATF3 [Al I X miis VIM 41K 786-0O
N IBeR : ANE Ca B TR @ B I T R R A G
P>0.05) , S50 45 FULE , % B i Rk BATF3 1] {2 i
786-O 40 ML) IL#% (2 28 8 /7, [F] IR R o VIML D ] 477
il 786-O 4H M (13T =22 HE /T

P<0.01P<0.01

R 2 B/ A
TR B/ A
[=2)
S

il
)
=3
S

e
S

AT RIE BATF3 [E] I s VIM J5 786-0 A 3G 5E §E 77 5 B : i ik BATF3 [F]I X Rt VIM J5 786-O 41 il (142 22/ 71 (x100) 5

C: 315 BATF3 [&] i 3R VIM J& 786-O 2 (3% BE 77(x100) .
E 8 if3RIABATF3 [EAT X AU VIM %f 786-0O HHRAAYIETE  iT R F{E 2268 RIS



b

B, 5 BT BATF3 I Y P 8 A e ik V2 W 4 B e 4 B A Bk A 2247 - 601 -

3 W i

' A R LR UL I ST iR, A BL ccRCC Ay
¥, I B R AR I3 e e, VF 2 R FE MR IR A
Wiz, BT, B R IT LFEARIGIT N fl
g7 AR B AE B ARG RS, 15 29 20%~30% 1)
TR IR A R B b e RS, S EURE TR
ASEED, TR, B ccRCC 23 B2 W 3 R 71 i 2%
SR — AN R AR A R ) A, 3 T) 7 I B B R AR
RIE 7B

PLAE T 92094 B, BATE3 7E Thl 41 fg b % 3%,
FFAEH # 1 2 DC(conventional typel DC,cDCI) K H
Mg T EEN. BT HEE R EEF,
BATF3 7] UL 5 JUN & H 5 — 4™, 545, BATF3
(7 R IRBLBEFE P CAIE W] 2 5 bzZIP A 1) — K
b, I RE A 5K 19, BATF3 if LB 5T %
W1 R 5 1 B 53 AR B AR SR O 5 B sk 0 A
U, fEMYC J5 81 L, BATF3 5 JUN R AP-1 &
B R, s ) 48 LR 3 4 bk B R AR [ AR R 4T i vk 2
Jod 41 PR R ) MY C 3R 35, VR T bk B 9T 4 i 11 39 B U
PEUS, [FRE BATF3 78 oAt 8 M i g vh O 5 36 G B
FER . LIZEMR B, BATE3 78 5 i 40 i b (1) 655 _F
W , R Uk BATF3 3 3 SIPR1-STAT3 i 4% #1 1] B J 41
it 384 B AN SO B ME . YANG 2520 % 3L, Cire_ 0034642
FE I 5 g vh B, IR 5 R PR AR TS A oK .
circ_0034642 i miR-1205-BATF3 i % {2 2 1% 52 /8
S B G 5 LI R R AR 22 RE 0, JF 10 48 R T .
ZHANG %5219 B, LINCO163 8 7E Ik i PR 21 i Je 4H 27
s 2RO, I I R 4 B Rk B 4 e B I A OR
LINCO1638 = 1A B3 /775 % ik . LINCO1638 il
FEAR Z ) 7 e S8 DR 24H o e 248 i 1 384 B G A AR
C I S R N S N v O - (RS P BV
LINCO01638 iff 45 1k miR-523-5p fi& i3k BATF3 £k, F
W fike R 4 e i AR R R R R R ORE AR
TIAN %P2 R B, 2H 8 1 B i B g 1 45 L T 1 47
W 2R IA , JLal L 1] FOSB 41 5 i) miR-22 SR i
BATF3/PD-L1 41, {2 1t 25 B e 40 . 1) H 2 106 3%

H AT » BATF3 £ ccRCC A [ 15 AL 1 AR W4
. Rk, AR T T BATF3 X ' #8 ACHN Al
786-O 4 il A= 1) 2247 9 (1) 5 ) e FLl R 3 S, 45 SR
7~ BATF3 mRNA £ ccRCCH A m £k, H S
ccRCC 73 A0 F8 FE AT PR 73 14 SG K . ccRCC 2144
BATF3 & HFHEFREF W5 T 55 41 21 (P<0.01) ,
{H 55 PR BERRAE A G Bk, 7T Re A2 B T 21 2R A
BlEE L, SREERELGIT¥E . SEEE R
Bz 41 g AR EE , BATF3 7E ' 5 ACHN. 786-O 4 Jid 1)

FILES &, X R RE — 57, $278 BATF3 £ 5
e A0 Rl Be R FESUEER , 112 5 ccRCC 1K
AR JE . AT LLE I 786-O - ACHN 41 g AT 78 %
%, K F BATF3 7 [F]— 40 g i 30k S5 il 5 F B
JH L MTS 74 Transwell SE56AG I 25 5 & I, BATF3 A]
V4% 786-O - ACHN 4t ffd 1) 384 58 3T # AR 22 RE )«
DRl b 4k B BATF3 78 ' i (1) 5 A e It A% A R 3 80
1EH .

BATF3 3 [A 7E i 4% ¢DC1 &K & Wil = s 1E 1 ,
LIN SE=VR 0, 75 98 5E fil T L 1 b B2 41 il BATF3 5
JunD J¥ il SR AR B4R 3 CXCLS B 5%, i3k i
It CXCR2 ZEAERE R0 AL, 35 T 40, e 22 it
SR ERE. X—HBBERIVEEBTH%
BATF3 1E ML, IX Bk & BATF3 7R B 4414 F &
SR cDC1 DI RE , 98 HI 0L 72 H BATF3 (1 i
FER AT bR AT A 2 e e A . 4% R
BE () LK, W] DAHE N BATE3 78 B i & A2 K J it 7%
W 5 BATF3 45 cDC1 & & FIFLHIAFH .

25 EFTiR , BATF3 7£ ccRCC H A ik, 31 5
ccRCC 197340 F2 £ Al IR 43 #1 % V) AH S Bk , BATF3
A 5 B R 786-0 ACHN 41 i [ 386 3 3T 7% 112 2%
e 71, ILAh, BATF3 52 VIM [ 5 K7, 12 3F VIM (1)
5% . BATF3 A ¥ BA ccRCC I K ¥4 97 1 78 78
B

[& % 3 #f]

[1] KIM H, SHIM B Y, LEE S J, ef al. Loss of von hippel-lindau (VHL)
tumor suppressor gene function: VHL-HIF pathway and advances
in treatments for metastatic renal cell carcinoma (RCC)[J/OL]. Int J
Mol Sci, 2021, 22(18): 9795[2023-02-10]. https://doi. org/10.3390/
ijms22189795. DOI: 10.3390/ijms22189795.

[2] ROSS-MACDONALD P, WALSH A M, CHASALOW S D, et al.
Molecular correlates of response to nivolumab at baseline and on
treatment in patients with RCC[J/OL]. J Immunother Cancer, 2021, 9
(3): e001506[2023-02-10]. https://doi.org/10.1136/jitc-2020-001506.
DOI: 10.1136/jitc-2020-001506.

[3] GAOS L, YINR, ZHANG LF, et al. The oncogenic role of MUC12
in RCC progression depends on c-Jun/TGF-f signalling[J]. J Cell Mol
Med, 2020, 24(15): 8789-8802. DOI: 10.1111/jemm.15515.

[4] ATAIDE M A, KOMANDER K, KNOPPER K, et al. BATF3
programs CD8'T cell memory[J]. Nat Immunol, 2020, 21(11):
1397-1407. DOI: 10.1038/s41590-020-0786-2.

[5] BENCKENDORFF J, KUCHAR J, LEITHAUSER F, et al. Usefulness
of BATF3 immunohistochemistry in diagnosing classical
Hodgkin lymphoma[J/OL]. Diagnostics, 2021, 11(6): 1123[2023-02-
10]. https://doi. org/10.3390/diagnostics11061123. DOI: 10.3390/
diagnostics11061123.

[6] QIU ZJ, KHAIRALLAH C, ROMANOV G, et al. Cutting edge: Batf3

expression by CD8 T cells critically regulates the development of



602 -

rp R AR TR T Ak, 2023, 30(7)

memory populations[J]. J Immunol, 2020, 205(4): 901-906. DOI:
10.4049/jimmunol.2000228.

[77 LI P, WENG Z P, LI P F, et al. BATF3 promotes malignant
phenotype of colorectal cancer through the S1PR1/p-STAT3/miR-
155-3p/WDR82 axis[J]. Cancer Gene Ther, 2021, 28(5): 400-412.
DOLI: 10.1038/s41417-020-00223-2.

[8] LIU J, ROZEMAN E A, O’ DONNELL J S, et al. Batf3" DCs and
type [ IFN are critical for the efficacy of neoadjuvant cancer
immunotherapy[J/OL]. Oncolmmunology, 2019, 8(2): ¢1546068[2023-
02-10]. https://doi.org/10.1080/2162402x.2018.1546068. DOI: 10.1080/
2162402x.2018.1546068.

[9] YIC, LI H B, LI D, et al. Upregulation of circular RNA circ_0034642
indicates unfavorable prognosis in glioma and facilitates cell
proliferation and invasion via the miR-1205/BATF3 axis[J]. J Cell
Biochem, 2019, 120(8): 13737-13744. DOI: 10.1002/jcb.28646.

[10] SAITOH M. Involvement of partial EMT in cancer progression[J]. J
Biochem, 2018, 164(4): 257-264. DOI: 10.1093/jb/mvy047.

[11] DU B W, SHIM J. Targeting epithelial-mesenchymal transition (EMT)
to overcome drug resistance in cancer[J/OL]. Molecules, 2016, 21(7):
965[2023-02-10]. https://doi.org/10.3390/molecules21070965. DOI:
10.3390/molecules21070965.

[12] YING Y F, MA X Y, FANG J J, et al. EGR2-mediated regulation of
mo6A reader IGF2BP proteins drive RCC tumorigenesis and
metastasis via enhancing SIPR3 mRNA stabilization[J/OL]. Cell
Death Dis, 2021, 12(8): 750[2023-02-10]. https://doi. org/10.1038/
$41419-021-04038-3. DOI: 10.1038/s41419-021-04038-3.

[131GU WY, GONG L J, WU X, et al. Hypoxic TAM-derived exosomal
miR-155-5p promotes RCC progression through HuR-dependent
IGF1R/AKT/PI3K pathway[J/OL]. Cell Death Discov, 2021, 7: 147
[2023-02-10]. https://doi. org/10.1038/s41420-021-00525-w. DOI:
10.1038/s41420-021-00525-w.

[14] SPRANGER S, DAI D, HORTON B, et al. Tumor-residing Batf3
dendritic cells are required for effector T cell trafficking and
adoptive T cell therapy[J]. Cancer Cell, 2017, 31(5): 711-723. DOI:
10.1016/j.ccell.2017.04.003.

[15] LIANG H C, COSTANZA M, PRUTSCH N, et al. Super-enhancer-
based identification of a BATF3/IL-2R-module reveals vulnerabilities
in anaplastic large cell lymphoma[J/OL]. Nat Commun, 2021, 12: 5577
[2023-02-10]. https://doi. org/10.1038/s41467-021-25379-9. DOI:

10.1038/s41467-021-25379-9.

[16] IRFAN AFRIDI M, ZHENG Z F, LIU J Q, et al. The bZIP
transcription factor BATF3/ZIP-10 suppresses innate immunity by
attenuating PMK-1/p38 signaling[J]. Int Immunol, 2023, 35(4): 181-
196. DOLI: 10.1093/intimm/dxac053.

[17] ARNOLD P R, WEN M, ZHANG L, et al. Suppression of FOXP3
expression by the AP-1 family transcription factor BATF3 requires
partnering with IRF4[J/OL]. Front Immunol, 2022, 13: 966364
[2023-02-10]. https://doi. org/10.3389/fimmu. 2022.966364. DOI:
10.3389/fimmu.2022.966364.

[18] LOLLIES A, HARTMANN S, SCHNEIDER M, et al. An
oncogenic axis of STAT-mediated BATF3 upregulation causing
MYC activity in classical Hodgkin lymphoma and anaplastic large
cell lymphoma[J]. Leukemia, 2018, 32(1): 92-101. DOI: 10.1038/
leu.2017.203.

[19] L1 Z, WEL'Y H, YIN L, et al. Knockdown of BATF3 inhibits gastric
cancer cell growth and radioresistance via SIPR1/STAT3 pathway
[J/JOL]. Ann Clin Lab Seci, 2022, 52(5): 772-780[2023-02-10].
https://pubmed.ncbi.nlm.nih.gov/36261191/.

[20] YANG M, LI G, FAN L, ef al. Circular RNA circ_0034642 elevates
BATF3 expression and promotes cell proliferation and invasion
through miR-1205 in glioma[J]. Biochem Biophys Res Commun,
2019, 508(3): 980-985. DOI: 10.1016/j.bbrc.2018.12.052.

[21] ZHANG H, ZHAO X D, WANG M M, et al. Long noncoding RNA
LINCO1638 contributes to laryngeal squamous cell cancer
progression by modulating miR-523-5p/BATF3 axis[J]. Aging,
2021, 13(6): 8611-8619. DOI: 10.18632/aging.202675.

[22] TIAN J L, WANG W W, ZHU J C, et al. Histone methyltransferase
SETDBI promotes immune evasion in colorectal cancer via FOSB-
mediated downregulation of microRNA-22 through BATF3/PD-L1
pathway[J]. J Immunol Res, 2022, 2022: 1-14. DOI: 10.1155/2022/
4012920.

[23] LIN Y, CHENG L, LIU Y, e al. Intestinal epithelium-derived
BATF3 promotes colitis-associated colon cancer through
facilitating CXCL5-mediated neutrophils recruitment[J]. Mucosal
Immunol, 2021, 14(1): 187-198. DOI: 10.1038/s41385-020-0297-3.

[WFsBEAT  2023-04-07 [f&EIBHA]  2023-05-22
[Ac4mtg] b, ki



