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fE BRF! (TFlIB-related factor 1) J2—NEEMHFE T, EREF MM RNA RS W NHKEHZEE (RNA polymerase
I11-dependent genes) §%5%, H=Wp /& —2/NrF3E 4t RNA, EFZ{UFEFLiZ RNA (transfer RNAs, tRNAs) F15S # bk
RNA (58S ribosome RNA, 5S rRNA). tRNAs 1 5S rRNA 54 s /K F-Ffi & 40 i N BRF1 & 4 192 AL T 0% . tRNAs T 5S
rRNA £ AT A A PR 2 S /EFH . (RNAs F1 5S tRNA JEFE G S AU Az & . 3 5E . 5% Ak R g i) & 2B 2 UTAH 56 o
BRF1 & tRNAs F15S rRNA FE R SR i SCHE R IEARRIBF I, BRF1 3 3235 5 I FLC WU 4 & A 2 DIFH G, 7
ANTR B beE e Am ek B e, BRF1 b 23K 15 HLIAME 538 % 7 AFAE 25 5 . BRF1 i 2 3K A (9 8 A A A3 A RN 100 2%
oL ) BRF T 2 5 i i iR RS . X #2758 BREL & — I ELS 1 A 0 o1, TR SRR BE 2 Mg AL R oy T 2

ATTRRETR . ASCRES TP, S T BRI, DI AT b AR A e T R E

X$EiE BRF1, RAMRUMKIHEE, Mg, IERELOIUE, EYibs

FESES R394.3 DOI: 10.3724/j.pibb.2025.0262

KA 1R B A I TR LR (ribonucleic acid
polymerase IlI-dependent genes, RNA Pol III genes)
(1) 5 SR 7= W) o2 — 6 /43 F RNAs. 4K RNA R4 [l
T A A 5 PR )i ) - I 42 X 5 0 I AR ] 43Dy — 28
—HUJE 5SS TRNA; 12 RNAs (tRNAs); H
fl /N 4> F RNAs, Ul U6, 7SL RNA, Alu-
microRNA 250 g =1 (1), RNA B4 1K
FRIE IR e LA R 2R R SRR, o
FEE AW 11, TFIIA, TFIIB F1 TFIIC %4 18 &
A tRNA BE R B 5% Sk bl B 3R 6 1 1AMk & A
TFIIB 1 TFIIC; 1M 5S rRNA %5 EHLE8 6 LA 34
EARE ARSI, 4 TFIIA, TFIIB [ TATA £
4% & # B (TATA box-binding protein, TBP) ,
BRF1 (TFIIB-related factor 1) /BRF2 #1BDP1 (B
double pridel) #HJ{. BRFI 157 RNA 54 ifF 114
i 35 DR ) — B RN RS PR (5 5%, 1T BRF2 145 —
RIZEH (1), BB LU, TFIIB 5 )
KBV, #EEH (We-Myc, c-Fos, c-Jun,
Ras%F) [ TFIIB G PR E A AR | 38 5E )
Eefk, SRR LA T mEEA (A ps3,
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PTEN, BRCAl, pRb, MAF1 %) [&fK TFIIB %
P, J0H RNA SR A i TR R 4 s LA 5 4 i
IERAER S (F 1),

RNA 54 il TIOR3 R 26 8 -5 g i) & A %%
PIMEOG, PR 2 50 45 3 28 B PR A OGS 2 ot IR
BRF1 H#igh AT, A /NEL KE Brfl 3
R ID 43 51 4 2972, 72308, 299347, A Brfl 3£IA
(ID: 2972) i T 145 QM KEIL RN, B
FE i —> 90 ku 1 HL4E S 1, 7E tRNAs, 5S
rRNA FIH A /N3 7 RNA 584 il T AR i 56 PR 5 %
(A s & 0 AE R o T tRNAs 1 5S rRNA 78
BEARA RPN ECEE, FRER, BRFIE—

« HE A RP A4 (81872234), A H AR ¥ R4
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Table 1 RNA Pol III gene transcription machinery

S MR AL FesgLas 4k
—A! (5SRNA) WAWENI, TFIIA, TFIIB (TBP. BRF1. BDP1), TFIIC
Z A (tRNAs) RAWENI, TFIIB (TBP. BRF1. BDP1), TFIIC

=# (U6 RNA. 7SLRNA. Alu-miRNA. microRNAs. snRNA)

R4, TFIIB (TBP. BRF2. BDP1), TFIIIC

RNA: MR (ribonuclear acids); TFIIA: ¥%3%[R T 114 & 1KA (transcription factor III A complex); TFIIB: % 5[ FIIE & A&B

(transcription factor Il B complex); TFIIC: #%5#FFIIE AAC

(transcription factor III C complex); tRNAs: ¥4izZRNA (transfer RNAs);

5S IRNA: 5S W% FIARNA; U6 RNA: U6/ EHI/MZRNA; 7SLRNA: 155 iHBIRNAMMIIZIR ; Alu-miRNA: Alu /B9 505 A%
WAZR ; microRNAs: (MRS ; snRNA: /MEZHIZRR (small nuclear RNA) .
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Fig.1 TFIIIBRNA complex is a target of onco—proteins and tumor suppressors
E1 TFIIBE &k 2EEBFHIEE BRI
JEHE A (c-Myc, c-Jun, c-Fos, Ras) #2FFTFIIB BT, BEIMRNAR A BIMRIGSEH A95E 5%, fedbaniagsm . HAembise kit 52
AR, EEMA (p53, pRB, PTEN, BRCAL, MAF1) I TFIIBIGYE, W/ RNARABEIMKEIIE R S5, W4 G s A i & A

AR, BRSINR A B TR I R 3 SR o1,
AT RNA AR LRMSE R 5 5% . 7 (RNA
§ESEBT, BRF1 B2 A 82BN 0 3 sk X
L DNA-SR 12 &1, 15 TBP RS2 &
& I 5 BRF1 454, ZJ5 BDP1 54 %] BRF1-TBP

b= = )

FIE R TFIIB 8 I E &K . 26, XA HE
(tRNAs) F5¢ja3l (K12). BRF1E AR 4
GILTR R I R A X LR BE PR = A i 9 1 A
AN T R B RR L X BRF1 ekt e 1) 2 Uis
2R s BRI, Brfl R 287818 S5
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LRBAEFPRA K Y Brfl FEH BFE SRk %7
F|JNK1, c-Jun, ERaZEJEHY ¢, BRF1 BRiEE R
A B TR HS I R 0 e sk o, BRI eSS 51N Y
JEARE AT o B RIS A A AE A ST B
TN, SRARERDS BrfT W/INER, TR A R P A BE ST R
JRIEHIRI S H . EEMIGE BN, BRFI A #RA
EJPIR 0 K AU R 10 e A AR A
W], BRF11F 3355 Med s Fe (0 1 e 1 5 2 1)
. A SCHkARIE 7 —A> TFIIB W4 BDP1 5 A

A

/)

C -

SR AH G 12 SR, FEPRTY RNA A B K
WL S ST, BRF1IG . BDP1 B digE,
IEAERYBFSE 30, BRFI B 283k 50 A ELL L
WE DI, A TTRIR : BRF1 mRE5 A
FMRPE (MR RLOAE) CRHEY, &1
SRS, R ABFSY BRE1 KE RIS e sh 8572
A B R BIRES T B2 ALE], K I A& g
FLCHIUIRY 7B A48 T BB S 0 B BRI SLAt;

Fig.2 Schematic illustration that BRF1 modulates tRNA gene transcription
E2 BRFIEAFRNAREE R REE
RNABABHINK LR , #ZRNA (tRNA) F15S I E I/ARNA (5S rRNA), B30, BREURIGIRG s SEIE R 45 X I 5 2 454,
JEHBRF1-DNAZL & A, Bi/S TBPILHIE{E [ 5 BRF1-DNASS &, #it/5 BDPLWAEIGIZFIBRF1-TBP, LML TFIIBE G4, 78X

SELLIN A 5%

1 BRFUERIE S

R IR 2k B R ENREH R
5 SESNIE P PN SN ¢ = W W | SR TR 1A S L N
I A DR 2R A s ) 0 RS 1 i A A PR
M 22N G ks) 25, ZHBARE,

TR AR | g AR R, SR, TR
JIAT — AL [E B AMEARAE . A% Fe ) g AnAze e
Ko — 2Bk, B K—E AR AR
PRSI B bR . A% J2 RNA A B FIER 4
RS R S 5 0. st , RNA R
M AEF T (tRNAs, 58 rRNA) HE K il 55 %
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TR R ) A L B VDA DG . e A4 B i A2 L TE R
AR RS, HERENHEA . BRF1 FAIER
FIJE (tRNAs, SSTRNA) R & A A
KRR . WIRCAIESE : 428 BT FIE AR
ik, RefRFdMAE LG, YA ANGEAL, B EUE
KA. A, X SR Ik, DR 20 A A
KA, WM IER 7, I E K2
iR s REAS . BRFL St Rk A& . JFH
BRF1 &1k 5 8 #H B A AT 5 2 P0AR G, X
LR R TR 45 BRF1 AT BES& — 187 A A [R] g
(3[R
1.1 AHEHBRF1RE Kk

At 41 i 5% (hepatocellular carcinoma, HCC)
R EEIANE WIRIE , R AR AR AR TR
WK ER P HCC M ARA S 2RmiE (LB
RIHFE (hepatitis B virus, HBV) FIPN R 5 ) 5
(hepatitis C virus, HCV) . ZKiP FIH Al PR 22 % U1 A8
Ko KIPIRETEAS I NESAE . IR, FET
Aefb . FREAL, BRI . BRKE, &
ik 80% Y HCC (8 15 R N C B I8, IS8 0
TEIRYT T S T —Se kR, {H3EE HCC 1Y &
RS A RE<20% > 2 BARE NI 2
HBV A1C, (HZ, T2 #4T M HBV B %
S I Y O NES DN Fa g5 2] ) S NS ANY O VS U1 A 7
i LA E —RHT YRR S T HCC /Y L2 1B
T W2

133 3 T e dos IR A S e AL 45 R s, Horp
Z K0 ] 52 B0 BRF1 R 381K 2, BRFI & RiEH
WA A I A TR R, URE 22 =, K
o, G R s A 49 L T IR BRFL R GA T
s RS HOV S /N b s, AR
FEWR SR B HCV B B R/ RG34 I B RS
W SR 1 HCV #% 5k PR/ B 98 2H 21 1) BRF1
tRNA™F15S rRNA 345 2 iR 25 SR o
TRE S INK T _FJE c-Jun €3k, c-Jun$EFF BRF1 /K
. BRFI 34 & 330 E iy L, BT (RNA™ A 5S
rRNA G538, (et A= g5 = 0 09H
UL AT 22 55 N 208005 25 RS (mitogen- and
stress-activated protein kinase 1, MSKI) g,
5 Brfl #3571 tRNAs 1 SSIRNA 5 55% DT $2 = 41
PO 3 TE A AR 1 R RRR B SR R, A
R Brfl Ja s St/ RN AR T, 06 Brfl %3k
DN AR A A58 2%, 7K F BRF1 51 i e R k22 i
AR ) R

1.2 BRF1ESEBAAPRIERRL

B J& (gastric carcinoma 1Y, stomach cancer) J&
SE VUK DLIRIRRAE , (E RERIEEAE AR CAE T HES 56
L BEAEEAYERS0 S UL E AR WL, kT
W% BRF1 7€ B i (4R OL . Zhang 55 U W 5E T 77
151] B Jizsa 191 %) ekl 20 20 B O I iR s A 8. T
77 {51 Fifr9RE 2H 4K S 0 BRE 1 48 20 Ak e (2 i 5t
SRAG 5o WS ZU L UL BRF QL 8 B 55 15
o ALY E SR TS 44, BRFL{E
SEEATARMAZ T, MR A LT B A
AR A B . BRELIRER A 5 B TOh
HAEB]  (disease-free survival, DFS) T BRFI1 =
FikEAE (181 Hvws 94 H) " [FFE, 5BRFI
fE RIS ERE A L, BRFLGR A A0 B A B
I B A ER (overall survival, OS) (24 H vs
161~ 7) 10 X B e 61 A It R R S Br 2 1
AR S B, BREL SKSE 3 0L 0,
1.3 fEALAHBRF1IEREA

WCHE 0 LSRR, i 9 2 Sk /0N &4t e 8 Jits 9
(small-cell lung cancer, SCLC) FIHE/INH it 7Y fifi Ji
(non-small-cell lung cancer, NSCLC). P75 5
N 15%~20% F180%~85% ), filiJii 78 4 BR ¥ ik
FHOGHET 215 18.4% 0 SR IR Iy ik 1
RKEE T, (HRZERE B2 Wi C o i
gy s WuSE Y IRRGE, BRI 5]
HE A o 226 BRI B, Z9H 60% R
BRF1 531k, BRF1 (=3 1A 99 i S A AE A7 s i) B
WA AR, AR IR /N R 151
o, BRFI1 R T = AT AMP IG 1L & HEE o
(5' AMP activated protein kinase o, AMPKo)
BRI (pAMPKa) 7K-F-. BRF1 5 pAMPKo 7£ 4
Mz rh g7, AMPK R] B8N 2 b, g
IR IR SR H Y — R ARG, AR s R B X
AR AL B 3 pAMPK o U IR 40 i N BRF1 75
P PR pAMPKo i i3 52 BRF1 7K - 1fif X g
AR A
1.4 BRF15H7%]83%

HIA R 26 [ B P i WA R, Ak
FHAEIZWT 100 TR B, Bk I 38 ERAE A DG e T
RAEE TR E P70, AERZ1 000 5 5 1 AT R
GIRRIEERE , R 270 5 BE R AR DT HiSI R
J AV i R B TS i e, AHRTA i — B B AT
TEfe B Adm o Mgt BRI B B 5 i 4]
TR AR IEASE B JEAER, CAERTY R
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F PRSI 21 BRF1 5 263k "% Loveridge M H: [
5 U8 XE 516 GIHTA B A R0 BRF1 S 201005
F, 5134 BIHTH BR A B X IR, R B BRFL 1E
R Airh R ik (P=0.003 2), fFIERE 2%
5t o BRFI m &R AFG I [ 3, MfsW2s. Ay
IR A 22 P BREL W A2 5 3k, 4 Brof1 3k
TR /I U 240 358 8 I R AR 4 e A
W BRF1 283K 7K -] AR I i 47 s 330 f 1 2
YIbrED

1.5 BRF15ZLARE

FLBEAAT R R WL, 29 &k
JERE 1 30%, FET- R 5 LR EN 15% . K
80% L MR 98 s ] 2 MfE i R Z R FH 1 (estrogen
, HART Sy IR M R 2 K
FH4:  (estrogen receptor negative, ER - ) 51 .
Fang 55 ) X 218 A %12 Wi A FLIE 04252 TR V)
o %) 2P 1) A s G 3 R 4 2URE AR R4 T BRF L S22
HACITHT, SRR ARSI, R 2l g
#4¢5% BRF1 55 . BRF17E K ZHRE A h £
RAEAMIAZ T (~82%), AR/ DEREA AL WA Tl
i, sE Y . RSP R AL 4 ]
BRF1 &A/K V25 % . BRFI m#&iAS ER &
F ik (P=0.012) . 22 ¥ & 5% 1K (progesterone
receptor, PR) m#*ik (P=0.035) X —=PPIRE (P
=0.012) ¥JFALE 0 2 IEAEOC BT o LR g s 151
H1 BRF1 K 5 H M ZORA A &, ER+HHI PR 1]
) BRF1 sk gl A3 1T KR8k =T FL I &
=L AU R, BRSESEM, A AR
TR B i BRFA SRR 4 191 i R 22850 — BH L
Fw i, HIUEHRE, IR R MEBRE,

AR H A ZH 28 E BRF 5 23R 4 Wn 3 24 1)
M, AREROIE RN FRBEMAR (2. 5
BRF1 k. # A0 AH I, BRFI 15 2 ik 41 FL IR 8 0 191
FESRIGIT I WoR T4 i s AR A A A A
Wy, SRR, R 25 BRFUVILER LA S T
FLIE =B, RIEZMEIGTT, SEUEAAE
Jii. 1M BRF1 5 3K 2H (1455 ] 4& T ER+ 1 PR+IR
. MhEPEIY (Tamoxifen, Tam) J&XF ER+FLIF
TR IR IR FHZ5%) . Tam BEAEH I 4H A
BRF1 1) 335 FI1 5 45 il IR 5L R 4 5 . Tam
—J7 TR E2 S 4 P S B R A2 R 2 B )5, HEAS
fif 5 T PR R A2 A, BHIBT E2 52 k255,
il E2 5 HAZ AR S5 & R A 2AVE R . T E2 5 MR
BRI EEA AT, XA 2 MR R Z

receptor positive, ER+)

PR, Tam FT (5 95 107 R A T B2 RAFEAE R TTRE. 55
— 711, TamaE i 0] c-Jun ik S 24N IE N BRF1
K TRE. L, MEEEZ TamMEIRIT)E .,
Q1A 8 BRF1 S BRACF AR, 23 BRFI &3
R RY TS AR R IR b, FEFLARRER B, &
FIMIE BRF1 357K - 22 ) A 47115 30 26 52 B T 40 i
PN BRF1 Fll ERa [ S FR/KF, AR Tam S5 R IR
JPRITRL, XM Wi BRF 1 FEK N 1 ek K
AT R BB W2, TP ROREE R T A

R2 BRFIZEATMEMERRRESEFHHXR
Table 2 The relationship of levels of BRF1 expression to

survival period

A

T BRFIGi#&IE  BREIG&I
[ A B
- A y A
fits o e
i e e
S g e

*FUIRAERT O 2O ER . 8 76 MR TR DIBRA BT i
JFHZWE (Tam) Y7, T Tam T AVHIBRE 1A, 45l
{RPBRE1SBRACT AR

1.6 BRF1FEEAMELEFHREREA

b L g ok, BRF1 (R ¢35t 7 HAW A4 ik
SRR E], g el . BRE . AR
i (intrahepatic cholangiocarcinoma, ICC) Fl&
Wi 8% 4% . 45 B B Jm  (colone recent carcinoma,
CRC) o & — P UL %) I Ak 8 % v g - (1A
3). BIRCAETA . FUN2WRNGYT iU 1 it
&, A 13 1) CRC [ H LI TR 9 XF
b4 I L GURAE MR UL I, Kiniad
21k BRF1KCEW] R AR AIE. OS],
BRF1 = bl W e 2. SAREAnI R AL,
CRC NI Z& T BRF1 KV 5 i 40 Brfl RIkAES
Rk CRCAIMIAYIE RS . X LERTFE4R 7R, BRF1 AT
AT LME TS FIWTTE R, B BRF1 KT8 REH
CRCH#%

R Mg 2 T A T e X 5 AR R M R 2 — . i
BTG 2, REEEEEB I A 2w
PRI, XX g i RSl o s, TR 41
2P BRF1 ik gkl . 45w, SEssd
ZUAH TG, e s 2H 2 0 R A b BRFL K P 2 35
BRF1 Y (55 FEA T4 A

ICC L2 —F i AL IE G R . ICCIRT — %%
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Fig.3 The relationship between high expression of BRF1 and human tumors
E3 BRFISRIES AEMERX R
CAMSCHREEY], BRFIZEMESLIE . AT . B Wi . AP0 TR kiR, A, BREIERIAWAEMEHASUh R R, X
LERFSE R, BREUE— 2 AR 3L [ B9 A Wb a5 o & A7 DO T g (9 S 12 i A0 50U 0 T o bt PR BRSO U T R ik hetps = //www.

freepik.com/,

N WK . S HCCAHILL, ICC & —FhE Bz 78
PERE TR RERE, ORI EZ R M R 5
FIRIG R EFm FBOSWHIER 45 R, BMiidEF R
YIBR Gt 2t -, X 200 24~ 1CC & b 414
Kl BRF1 7K 25 R o, i 50% 1 ICC g 7l
F P BRF1 %635, BRF1 &Rk 0 B H 2T
i) T BREUIRR AL . 1ok, s 4 4brm A
BRI L SV B R AL U S5 5 3 R BRF 1 &
FARRE

Zi b prik, BRF1ZENMR R 14 40 i 2=
ko X Z R B R PTIER] , BRFI S0k
NBRE TG 2. A I 5 T AT 5T IEAE TR A HE
e
2 BRFUKERESLALR

OV — 2R LIRSS R e S50 S RRAE Y
P, FLRIRALHITE Bt R | G S B

Y |RAN I PO EOE e o1 V-2l WA B 3 S IR & Sl LS
SE T Ho, D IEPEIN R (i s L )

AR LA AR, B33 6 far ] BE
B BRI E . R4k SO WIS EL, X
WA R U o BRI PR EE (i e B 2 il
g . Mgk ) s A = ffr, FE O
FIEE | EPARTIREZ MR R TR, A8k
Ay, JHESEC IR R

O LA -5 At AR 200 B AR AR AR AN TR #E 0 LA
Mo AR SR AN, RIS, BRI %L
B0 Wi e o (] e = WTTR 528 N (E VTN 2 1
BB ARAS . TCI IR S S OV O, 2
MRS AT EE, OB, (HO L4
B AR, el SO DIRE I I AET . AR A
A ARAHILT] B BT M AN TE2TEAE . shsiA R 4N i
SLERERMY, O HUIEIEAEREE RNA 545 B TR
PR SRR w2 o O LB S S Brf 1 3k B i 3 vy
FFE R A N L ((RNA FI1SS rRNA)
Bl SRR o (507, AT o e A S T 24 400 i 34
BHEFEAREN . O WK Brfl 3Rkt s e
HRE LN BE Sl SO WM BIRRE ) BT, i
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SO WURE KA K i 5 18 28 11 0 6 B R 1 R 2 7o
MAF1 & —F RNA A ISR, ERT RS
il TLLAR BE PR S ol B S BEAE . IRSMIF IR
], MAF1 ] 38 i 400 i 2% 45 il LI A3 56 DR 1) 3%
o I 25 BH KT S R RS SO WL AR R P
SRIM, R A0 1 590 8 35 B3 T Ml T 32 D9 il ok
PR RGBT =Y, S AT R, WOk
SO WUIE A o TG VR R 0 BrfT B PR A5 14 R 55 B mT
Wt LM RIBR N, e . teabh, U
PRAR G AL ZE R R, B D4 BRFL K
FREN . XEHIEERT], BRF1RIANZEILS
D WUE KRBV, S FARL AT REV S ARG
WA, HRBRFLRESONAERMKR, XE—
A2 TR ST S, A R AR R 4 3k
5% .

3 itig: FUR. BRI

BEA LBV BARBAWr QHTFE Y AR YRR /Y
FH, g S8 0 P RO A AHAT LA . SR, Jib
T RPRAR B AT, T E A N A
T i 2 WA ROR YT T T AR NE . R
RAF ARG E RG], X4 RFE G
AR . — D2 LR, MR
FANG IR BEF 28— HBU T ST I e S (70
BWorsk, HESKRE. TERNZHY I, H
RO RN A | SRR H A A o S
BHE MR B (L A 25 BRI, s A
PR A, R R B AR W bR S 0 B
F2H 25 C St W 4R MR LE M hn S i s ok
TH. PR sz, BHHESEun R A
PR AR o SRR S AP I B
WP A IR AR S — AR AR N T R 15
fa R AR T AR P TR 43 B O B i 9 A0 e
. A& M9 DNA
(circulating tumor DNA, ctDNA) . microRNAs I
HAb P4 fis ey i, XA YRk et 1
BRI S . SRR AR I 25 1 (Y OGS
BB te62l o B Ah 4 v (extracellular vesicle, EV)
SR AE MRS S — R, EV TR MR e
Hh 8 B DL N BV 23R AR 0 R A= s i )
FIVTE TR E AL . EV 2452 40 it Bk 2 410 it
S B B A W R E R, SR EE
Jit, microRN 45 a4 ¢4 & 4 g =3 31y [ J&] BBl 241
UL EVs, TR Rk RRAETS (GAE 2%

(circulating tumor cells, CTC)

PEPETT) Th ¥ EEAER]

ST IR R REMEMEZ R, 24500
B — D HIERE R R SRk . Bo)ieRs
SPEPUE (prostate specific antigen, PSA) AYIlE IR
R, AR T RIS IR AL TR, SR PSA 1Y FH
PEFIEFEFOAE AN AR, P RE S BT 91 s 8
Bl EEAI P, H PSATEAR W BT B 2 A
5 48 5t ] TR . BRCAT/BRCA2 J2 FHAE S 7
2V L g T RE A AR B — A AR bR O e
SRTT, HA LT B8 . TR S5 AR e s
FrAcH ! B RREE A (alpha fetoprotein, AFP) J&
—IrF B2 68 ku, A 590 SR IR B
FHEMEE T, AFPRCINCTENG RN HIZ 4, Zi2Wr
HCC Wy 245 bR 7', (HZ, AFPWL) ZAFFAET
AGVEIR G . SRR . DREVE. B, . PR
FE A ATh, RSN O
WA ) bW os R I e
(carcinoembryoic antigen, CEA) J&—1~/NpF 1k
FB (~20 ku), 45 W 55 0 AL v rbogg 12
W7 R R A AR AR 7, {HJE CEA TE A AERE |
JEGEAERE . BFEEAL . eSS . G5B . BratEss
W9 AR HAE R B AT S T . R, HAG
Ik R FH AR AN LI EAT e R e

JiIE A AR IS 2y T R A AR |, Hogr
KF-REHBUE., Toif A g, eI E SR
SO R FIRZANE R o i 240 B ) X e 2[R R
SER A Z T IR IZ W ) 28R, 24520
T 100 Z4E, BESRANIE A BA 2, B2
AN AL RV AR RE R ITAIT S, R S i 2H 0 g 114
BWOTERAL T RRE, B TR A T
T 3 57 A X A [] e B30 92 W R O 1
V2. BRF1 FIERE G Ml IR L R IE BAT 33 27 A5
BRF1 % 3A 2 55 5500 1Y ¢ R UL AR H Wil F AL
AN F I P2 W F5hR, Xl BRI
e S ) — SR A Sk £

259075 O WU JEAE 2 T Brfl 2B FE 1 #E
BERFL s o D Im PRI OIAR ARSI A B, O IL
JEJE 95 (bR A ) BRE 1AL T K RS . shiss
WA RARIESS, 2 E T AR T A O LIS R B
R Brfl FE B REBE R 3G ;oK 3455 . X e pf
FEEE RN TRATIR A ST BRF1 kK5 .0 U Y
KRR T — A8y

BRF1 Jz HAE AL R — 2 A B A RE RO L 43
Fo A I PR )P SR RN AT TR A B A 77K
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ES5ERA LA, WIS YA C . BRFL &
— A OCHE SR, HARBOR AT, 7E40iEN
ARG, AR R bR AR R [ e b P, sl
MR R SR, A I TR Z BB 4 AT RE TR
PRI, IR W R AR Al XS R R
FRP T B B A AR AT REAIR T BRF1 FH
PERL R, TR di e ik REEA R 7,
AIREARAL T BRF1AE SRR T 3L PR 3, 52
Hik— 0TIk s HAE . WRIRA T I
SRS R MR T X B R N &R, R R
BRF1 BHEKE R . % T BRF1 i F Ik fEHE R A&
filg IITAAH I ((RNAs FI15S rRNA) F453% F i, i
134G BRF1 53 5 ¢35 Fl tRNAs 1 SSIRNA 3 [ 2%
VMG, SRRk, KR EIIm
FEPEAGE H 53R, SR AN ) e () S SO AGI  F7 RER
J5 BRI FEEAE bR o IRAIFST Bro1 S I K ) 57
PR LU, TR ENTRE 5@ ARE, A
R T R A Sk T R =, I AR R R
7 25 W) B AL R FERN RN S BR () AT RE o X) Brfl A H
BB 2 U8 5 PR R (s A L
W) IRABESE, 76 H B IR BT T 7K F
KK AR A s B TR TT AT o FF &AW Bry1
IR NI A Tl TILARS 6 PR 7 St ) e s il 5,
XTI B R T G U AT g

BRUA_E AR SR O LR A1, SR Se H AR
1.5 BRF1 S kA7 ¢ 1 SRS IRATT L 50 = A IR
Z BRF1. tRNAs 1 5S rRNA 5 # 25 ik 75 g 5iE A0
WLe 7 O T EL 25 T KR53 R T R R )
RIS, (EXF AR i A 2 B AR Y7 DL &
S WL A 00 [ 30 T BT 22 190 S Bl AF 5 A IR T <
BRF1J&—A> RAFHRE A>T, TEMIEAIEE KR
Pgi (MR LI ) MERU)y T ELA BR A B T X
A WA B4 7 FH A5

£ % 3k

[1]  Zhong S, Zhang C, Johnson D L. Epidermal growth factor
enhances cellular TATA binding protein levels and induces RNA
polymerase I- and IlI-dependent gene activity. Mol Cell Biol,
2004,24(12):5119-5129

[2]  Zhang Q, Zhong Q, Evans A G, et al. Phosphorylation of histone
H3 serine 28 modulates
transcription. Oncogene, 2011,30(37): 3943-3952

[3]  Zhong S, Machida K, Tsukamoto H, ef al. Alcohol induces RNA

RNA polymerase IlI-dependent

polymerase IIlI-dependent transcription through c-Jun by co-

regulating TATA-binding protein (TBP) and Brfl expression. J

(6]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

Biol Chem,2011,286(4): 2393-2401

Zhang Q, Jin J, Zhong Q, et al. ERa mediates alcohol-induced
deregulation of Pol III genes in breast cancer cells. Carcinogenesis,
2013,34(1):28-37

Zhong S, Fromm J, Johnson D L. TBP is differentially regulated by
c-Jun N-terminal kinase 1 (JNKI) and JNK2 through Elk-1,
controlling c-Jun expression and cell proliferation. Mol Cell Biol,
2007,27(1): 54-64

Zhong S, Johnson D L. The JNKs differentially regulate RNA
polymerase III transcription by coordinately modulating the
expression of all TFIIIB subunits. Proc Natl Acad Sci USA, 2009,
106(31): 12682-12687

Johnson S A S, Dubeau L, Johnson D L. Enhanced RNA
polymerase I1I-dependent transcription is required for oncogenic
transformation. J Biol Chem, 2008, 283(28): 19184-19191
Woiwode A, Johnson S A S, Zhong S, et al. PTEN represses RNA
polymerase IlI-dependent transcription by targeting the TFIIIB
complex. Mol Cell Biol,2008,28(12): 4204-4214

Zhong Q, Shi G, Zhang Y, et al. Alteration of BRCAI expression
affects alcohol-induced transcription of RNA Pol ///-dependent
genes. Gene, 2015,556(1): 74-79

Johnson D L, Johnson S A S. RNA metabolism and oncogenesis.
Science,2008,320(5875): 461-462

Wang J, Chen Q, Wang X, et al. TFIIB-related factor 1 is a
nucleolar protein that promotes RNA polymerase I-directed
transcription and tumour cell growth. Hum Mol Genet, 2023, 32
(1):104-121

Fairley J A, Mitchell L E, Berg T, et al. Direct regulation of tRNA
and 5S rRNA gene transcription by Polo-like kinase 1. Mol Cell,
2012,45(4): 541-552

Zhao X, LanY, Miao J, et al. Anovel BRF1 mutation in two middle-
aged siblings with cerebellofaciodental syndrome. Chin Med J,
2022,135(19):2375-2377

Yin H, Yu'Y, Shen Y. Identification of novel variants in BRF1 gene
from patient with developmental delay, hearing abnormality, and
nervous system anomalies. Int J Dev Neurosci, 2024, 84(7):
679-687

Lin M, Huang C, Ren W, et al. Mitogen- and stress-activated
protein kinase 1 mediates alcohol-upregulated transcription of
Brfl and tRNA genes to cause phenotypic alteration. Oxid Med
Cell Longev, 2020,2020: 2067959

ZhangY, Wu H, YangF, et al. Prognostic value of the expression of
DNA repair-related biomarkers mediated by alcohol in gastric
cancer patients. Am J Pathol, 2018, 188(2): 367-377

Purohit V, Khalsa J, Serrano J. Mechanisms of alcohol-associated
cancers: introduction and summary of the symposium. Alcohol,
2005,35(3): 155-160

Loveridge C J, Slater S, Campbell K J, ef al. BRF1 accelerates
prostate tumourigenesis and perturbs immune infiltration.
Oncogene, 2020, 39(8): 1797-1806

Cabarcas-Petroski S, Olshefsky G, Schramm L. BDPI as a

biomarker in serous ovarian cancer. Cancer Med, 2023, 12(5):



XXXX; XX (XXO

MIBY, Z. HEEFBRFIFESMHEFOIFBHXER ‘9-

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

6401-6418

Cabarcas-Petroski S, Schramm L. BDP1 alterations correlate with
clinical outcomes in breast cancer. Cancers, 2022, 14(7): 1658
Zheng L, Lin Y, Hong Z, et al. Significance and prospect of Brfl
overexpression. Arch Pharm Pharma Sci, 2023, 7(1): 45-53

Konyn P, Ahmed A, Kim D. Current epidemiology in
hepatocellular carcinoma. Expert Rev Gastroenterol Hepatol,
2021,15(11):1295-1307

Lieber C S. Hepatic, metabolic, and nutritional disorders of
alcoholism: from pathogenesis to therapy. Crit Rev Clin Lab Sci,
2000,37(6): 551-584

Brar G, Greten T F, Graubard B 1, ef al. Hepatocellular carcinoma
survival by etiology: a SEER-medicare database analysis. Hepatol
Commun, 2020,4(10): 1541-1551

Zhong Q, Xi S, Liang J, et al. The significance of Brfl
overexpression in human hepatocellular carcinoma. Oncotarget,
2016,7(5): 6243-6254

XuY, Yu C, Zhang H, ef al. Downregulation of Brfl induces liver
failure and inhibits hepatocellular carcinoma progression by
promoting apoptosis. J Cancer, 2024, 15(17): 5577-5593

McLean M H, EI-Omar E M. Genetics of gastric cancer. Nat Rev
Gastroenterol Hepatol, 2014, 11(11): 664-674

Suti¢ M, Vukié A, Baranasi¢ J, et al. Diagnostic, predictive, and
prognostic biomarkers in non-small cell lung cancer (NSCLC)
management. J Pers Med, 2021, 11(11): 1102

Reguart N, Marin E, Remon J, et al. In search of the long-desired
'copernican therapeutic revolution' in small-cell lung cancer.
Drugs,2020,80(3): 241-262

Davidson M R, Gazdar A F, Clarke B E. The pivotal role of
pathology in the management of lung cancer. J Thorac Dis, 2013, 5
(Suppl 5): S463-S478

Beasley M B. Immunohistochemistry of lung cancer biomarkers.
Adv Anat Pathol, 2024, 31(5): 333-343

Meynen J, Adriaensens P, Criel M, er al. Plasma metabolite
profiling in the search for early-stage biomarkers for lung cancer:
some important breakthroughs. IntJ Mol Sci, 2024, 25(9): 4690
Wu T, Zhang D, Lin M, et al. Exploring the role and mechanism of
pAMPKa-mediated dysregulation of Brfl and RNA pol III genes.
Oxid Med Cell Longev, 2021,2021: 5554932

Jeon S M. Regulation and function of AMPK in physiology and
diseases. Exp Mol Med, 2016,48(7): €245

Asif'S, Teply B A. Biomarkers for treatment response in advanced
prostate cancer. Cancers, 2021, 13(22): 5723

Olson P, Wagner J. Established and emerging liquid biomarkers for
prostate cancer detection: areview. Urol Oncol, 2025, 43(1): 3-14
Sandhu S, Moore C M, Chiong E, et al. Prostate cancer. Lancet,
2021,398(10305): 1075-1090

Macke A J, Petrosyan A. Alcohol and prostate cancer: time to draw
conclusions. Biomolecules, 2022,12(3):375

Siegel R L, Miller K D, Jemal A. Cancer statistics, 2020. CA A
CancerJ Clin, 2020, 70(1): 7-30

Fang Z, Y1Y, Shi G, et al. Role of Brfl interaction with ERa, and

[41]

[42]

[43]

[44]

[43]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

significance of its overexpression, in human breast cancer. Mol
Oncol,2017,11(12): 1752-1767

Zhong Q, Shi G, Zhang Q, et al. Tamoxifen represses alcohol-
induced transcription of RNA polymerase ///-dependent genes in
breast cancer cells. Oncotarget, 2014, 5(23): 12410-12417

Torre L A, Bray F, Siegel R L, ez al. Global cancer statistics, 2012.
CAACancerJClin, 2015, 65(2): 87-108

Arnold M, Sierra M S, Laversanne M, et al. Global patterns and
trends in colorectal cancer incidence and mortality. Gut, 2017, 66
(4):683-691

Ettrich T J, Seufferlein T. Systemic therapy for metastatic
pancreatic cancer. Curr Treat Options Oncol, 2021, 22(11): 106
Bagante F, Spolverato G, Cucchetti A, et al. Defining when to offer
operative treatment for intrahepatic cholangiocarcinoma: a regret-
based decision curves analysis. Surgery, 2016, 160(1): 106-117
Farges O, Fuks D, Boleslawski E, et al. Influence of surgical
margins on outcome in patients with intrahepatic
cholangiocarcinoma: a multicenter study by the AFC-IHCC-2009
study group. Ann Surg, 2011, 254(5): 824-829;discussion830
Huang S, Li J, Li Q, et al. Cardiomyopathy: pathogenesis and
therapeutic interventions. MedComm, 2024, 5(11): €772
Nakamura M, Sadoshima J. Mechanisms of physiological and
pathological cardiac hypertrophy. Nat Rev Cardiol, 2018, 15(7):
387-407

Voelkel N F, Quaife R A, Leinwand L A, ef al. Right ventricular
function and failure: report of a National Heart, Lung, and Blood
Institute working group on cellular and molecular mechanisms of
right heart failure. Circulation, 2006, 114(17): 1883-1891
Goodfellow S J, Innes F, Derblay L E, er al. Regulation of RNA
polymerase III transcription during hypertrophic growth. EMBO
J,2006,25(7): 1522-1533

SunY, Chen C, Xue R, et al. Maf1 ameliorates cardiac hypertrophy
by inhibiting RNA polymerase I1I through ERK1/2. Theranostics,
2019,9(24): 7268-7281

Choi S, An J Y. Multiomics in cancer biomarker discovery and
cancer subtyping. Adv Clin Chem, 2025, 124: 161-195

Sherif Z A, Ogunwobi O O, Ressom H W. Mechanisms and
technologies in cancer epigenetics. Front Oncol, 2024, 14:
1513654

Ronemus M, Bradford D, Laster Z, et al. Exploring genome-
transcriptome correlations in cancer. Biochem Soc Trans, 2025, 53
(1): BST20240108

Costantini S. Special issue "cancer biomarker: current status and
future perspectives". Int J Mol Sci, 2025,26(5): 2164

Grenville Z S, Noor U, Rinaldi S, et al. Perturbations in the blood
metabolome up to a decade before prostate cancer diagnosis in
4387 matched case-control sets from the European Prospective
Investigation into Cancer and Nutrition. Int J Cancer, 2025, 156
(5):943-952

Lal J C, Fang M Z, Hussain M, et al. Discovery of plasma proteins
left ventricular cardiac

and metabolites associated with

dysfunction in pan-cancer patients. Cardiooncology, 2025, 11



<10-

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

1):17

Stefanes N M, Cunha-Silva M E, de Oliveira Silva L, et al.
Circulating biomarkers for diagnosis and response to therapies in
cancer patients. Int Rev Cell Mol Biol, 2025,391: 1-41

Liu Y, Hatano K, Nonomura N. Liquid biomarkers in prostate
cancer diagnosis: current status and emerging prospects. World J
Mens Health, 2025, 43(1): 8-27

Pandey S, Yadav P. Liquid biopsy in cancer management:
Integrating diagnostics and clinical applications. Pract Lab Med,
2025,43: 00446

Passaro A, Al Bakir M, Hamilton E G, et al. Cancer biomarkers:
emerging trends and clinical implications for personalized
treatment. Cell, 2024, 187(7): 1617-1635

Smith-Byrne K, Hedman A, Dimitriou M, et al. Identifying
therapeutic targets for cancer among 2074 circulating proteins and
risk of nine cancers. Nat Commun, 2024, 15(1): 3621

Bandu R, Oh J W, Kim K P. Extracellular vesicle proteins as breast
cancer biomarkers: mass spectrometry-based analysis.
Proteomics, 2024,24(11): €2300062

Ochiya T, Hashimoto K, Shimomura A. Prospects for liquid biopsy
using microRNA and extracellular vesicles in breast cancer. Breast
Cancer, 2025,32(1): 10-15

Brozos-Vazquez E, Toledano-Fonseca M, Costa-Fraga N, et al.
Pancreatic cancer biomarkers: a pathway to advance in
personalized treatment selection. Cancer Treat Rev, 2024, 125:
102719

Casaubon J T, Kashyap S, Regan J P. BRCA1 and BRCA2
Mutations[ EB/OL]. Treasure Island (FL): Stat Pearls, 2023[2023-

07-23]. https://www.ncbi.nlm.nih.gov/books/NBK470239/

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Khalizieva A, Moser S C, Bouwman P, et a/. BRCA1 and BRCA2:
from cancer susceptibility to synthetic lethality. Genes Dev, 2025,
39(1/2):86-108

Limijadi E K S, Muniroh M, Prajoko Y W, et al. The role of
germline BRCA1 & BRCA2 mutations in familial pancreatic
cancer: a systematic review and meta-analysis. PLoS One, 2024,
19(5): €0299276

Zannini G, Facchini G, De Sio M, et al. BRCA1 and BRCA2
mutations testing in prostate cancer: detection in formalin fixed
paraffin embedded (FFPE) and blood samples. Pathol Res Pract,
2025,266: 155803

MiK, Ye T, Zhu L, et al. Risk-stratified hepatocellular carcinoma
surveillance in non-cirrhotic patients with MASLD. Gastroenterol
Rep,2025,13: goaf018

Ferenczi A, Kuthi L, Sejben A. Gastric adenocarcinoma with
enteroblastic differentiation. Pathobiology, 2025, 92(3): 169-179
Chen S C, Ho H L, Liu C A, et al. PIVKA-II as a surrogate
biomarker for therapeutic response in Non-AFP-secreting
hepatocellular carcinoma. BMC Cancer, 2025, 25(1): 199
Kankanala V L, Zubair M, Mukkamalla S K. Carcinoembryonic
Antigen[EB/OL]. Treasure Island (FL): StatPearls, 2024[2024-12-
11]. https://www.ncbi.nlm.nih.gov/books/NBK 578172/

Tong G, Li H, Shen Y, et al. The combined evaluation of
preoperative serum CEA and postoperative tissue CEA as a
prognostic factor in stages 0-IV colorectal cancer: a retrospective
cohort study. Front Med, 2024, 11: 1447041

Cho Y, Ahn S, Kim K M. PD-L1 as a biomarker in gastric cancer
immunotherapy. J Gastric Cancer, 2025, 25(1): 177-191



XXXX; XX (XX) HIBY, %. HREFBRFIFESMHEIOIBHER <11-

The Relationship of Transcription Factor BRF1 Expression to Tumor and
Cardiomyopathy’

ZHENG Li-Ling"”, LIN Yong-Luan™?, CHEN Mei-Ling"”, ZHONG Zheng-Yan"”,
ZHONG Shuping"™”

("Department of Cardiovascular Surgery, First Hospital of Quanzhou Affiliated to Fujian Medical University, Quanzhou 362000, China;
DDepartment of Cardiology, The First Affiliated Hospital, Shantou University Medical College, Shantou 515000, China;
IMedical School, University of Electronic Sciences and Technology, Chengdu 610099, China;

YKeck School of Medicine, University of Southern California, CA 90033, USA)

Graphical abstract

Myocardial hypoxia
. Pressure overload
Carcinogens Inherited diseases
Onco-proteins  Storage diseases

I_'_l
Tumor
suppressors l

N\

) 4

ROS

!

RNA Pol lll genes

Y 4

Cell proliferation Pathological
1 Hypertrophy

Tumor
development Cardiomyopathy

Abstract TFIIB-related factor 1 (BRF1) is an important transcription factor. It specifically regulates the
transcription of RNA polymerase III-dependent genes (RNA Pol III genes). The products of these genes are some
small non-coding RNAs, including transfer RNAs (tRNAs) and 5S ribosomal RNAs (5S rRNA). The transcription
levels of tRNAs and 5S rRNA vary with changes in intracellular BRF1 amounts. tRNAs and 5S rRNA play a
crucial role in determining protein synthesis. Studies have demonstrated that dysregulation of tRNAs and 5S
rRNA is closely related to cell growth, proliferation, transformation, and even tumorigenesis. BRF1 is a key factor
determining the generation of tRNAs and 5S rRNA. Increasing BRF1 expression enhances cell proliferation and
transformation, promoting tumor development. In contrast, repressing BRF1 activity decreases the rates of cell

proliferation and transformation, and inhibits tumor growth. High levels of BRF1 are found in the samples of
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patients suffering from hepatocellular carcinoma, breast cancer, gastric carcinoma, lung cancer, prostate
carcinoma, and other cancers. It indicates that high levels of BRF1 are closely related to the occurrence of human
cancer and may be a common landmark of tumors. But there is discrepancy in the regulatory mechanisms and
signaling pathways of BRF1 overexpression in different cancers. In general, high levels of BRF1 in patients
suffering from cancer show short survival period and poor prognosis. However, there is one exception, namely
breast cancer. Approximate 80% of cases of breast cancer are estrogen receptor-positive (ER+) and 20% are ER
- . The cases with high levels of BRF1 reveal longer survival period and better prognosis after they accepted the
hormone treatment by Tamoxifen (Tam), compared to the cases with low level BRF1. It seems like a
contradiction. Most of the cases with high levels of BRF1 belong to ER+ status. Tam has been used to treat ER+
cases of breast cancer after diagnosis and surgery. Thus, hormone therapy, such as Tam, is more effective on these
patients. This is because, on one hand, that Tam competes with E2 (17p-estradiol) to bind to estrogen receptor o
(ERa), but does not dissociate to occupy the receptors, blocking E2 binding to this receptor and inhibiting its
biological effects. On other hand, Tam can inhibit the expression of BRF1, leading to a decline of intracellular
BRF1 levels. Therefore, the actual levels of BRF1 are lower in the patients with ER+ breast cancer. It appears the
prognosis of the BRF1 high expression cases better than that of the low. Myocardial hypertrophy manifests
magnification of cardiomyocyte volume rather than number increasing in the postnatal heart. Myocardial
hypertrophy is a critical risk factor underlying cardiovascular diseases. No matter how myocardial hypertrophy
occur, it will ultimately lead to myocardial dysfunction and heart failure. Hypertrophic growth of cardiomyocytes
requires a large amount of protein synthesis to meet its needs of cardiomyocyte growth. Animal models and cell
experiments have shown that myocardial hypertrophy stimulates a significant increase in BRF1 expression and
transcription of tRNAs and 5S rRNA. Interestingly, elevated levels of BRF1 are found in the myocardium tissues
of patients with myocardial hypertrophy. These studies demonstrate that BRF1 indeed plays a critical role in
myocardial hypertrophy. In summary, high levels of BRF1 are found in patients suffering from different cancers
and myocardial hypertrophy. It implies that BRF1 is a promising biological target of cancer and cardiomyopathy.
BRF1 is expected to become a common biomarker for early diagnosis and prognostic observation of different
human cancers. It is also an important biomarker for the diagnosis and treatment of cardiomyopathy. BRF1 not
only holds an important position in the field of basic medical research but also has great prospects for translational
medicine. In the present article, we summarize the progress on studies of BRF1 expressions in cancer and
cardiomyopathy, proposes future research directions. It is a new research area. Here, we emphasize the
significancy of BRF overexpression in the two huge diseases of human, cancer and cardiomyopathy to raise

people's attention to this field.

Key words BRF1, Pol III genes, tumors, hypertrophic cardiomyopathy, biological targets
DOI: 10.3724/j.pibb.2025.0262 CSTR: 32369.14.pibb.20250262

# This work was supported by grants from The National Natural Science Foundation of China (81872234), Natural Science Foundation of Fujian
Province (2023J011797), Fujian Provincial Science and Technology Innovation Fund (2024CXB014, 2020Y9048), Quanzhou High-Level Talent
Project (2024QZC013YR), and the National Institutes of Health, USA (AA017288, AA021114, AA023247, AA024169).

## Corresponding author.

ZHENG Li-Ling. Tel: 86-595-22277417, E-mail: zll@fjmu.edu.cn

ZHONG Shuping. Tel: 1-626-628-7693, Email: szhong@usc.edu

Received: May 28, 2025 Accepted: July 17, 2025





