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[ Abstract]  Heterogeneous nuclear ribonucleoproteins ( hnRNPs) are RNA-binding proteins involved in many
important life processes. Previous studies have found that hnRNPs have many biological functions in the regulation of
chromatin remodeling, transcription, RNA transport, RNA splicing, RNA editing, and translation. Recently, increasing
studies have found that hnRNPs have an important regulatory role in the occurrence and development of various tumors. This
article reviews the role of hnRNPs in inflammatory responses, tumor immunity and tumor microenvironment, to provide a
basis for follow-up studies on the regulatory network and functional analysis of hnRNPs.
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Figure 1 hnRNPs family related to inflammation, tumor
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Figure 2 Network association diagram of hnRNPs protein

2 hnRNPs 5% E KM

1 PR S AT 2 R i R R 3% 1 T BBy IR R
VP01 oy MU 5l i 2 5 01 S s 4 R
S AT A R B Z IR AT & . il an iR 4 i
H TLR4 {55 B A 243800 T S BORAE S, AT



P E SL RSP 2E R 2020 4F 4 A58 28 55 2 ] Acta Lab Anim Sci Sin, April 2020, Vol. 28, No. 2 275

S IR 40 A A T IR AT AR 20 e R 8 B R R B
[F)RE S 40 M0 TLR4 1At 55 KM A5 8% 2 1 R
W2 P EURAE M 2 A, DTS 250 R 1 A
R RN R R B EE R e T, TNF-o 1
IL-18 £ & R 7~ K 523K, hnRNP D RE % B 2 48
P () mRNA 455514 98 719 5% %3k, hnRNP D
BRIy AR /N B 5 % BN IE 2 WA S B AR
JEYAER TR, R, hnRNP D #IA W22 &
A P 7 23k 1 S AR I 7Y . #EH hnRNPs
FIER 5 AN 5 hnRNP 1 5 hnRNP L G880 52 48
iE S I8 I T — AL A Y mRNA A R
MiR-328 £ 75 5 HLAZ% 4 434k Fn 480 A0 17 35 i) 2ot A op
I hnRNP E2 9 3% 35, HF 10 5 35050 2% 40 i
CD11b Ay ZRINFITE M 48 09 25 B, 76 V815 90 s g A1
B RGP R BRI,

VFZFE L2 UERA , — 28 RNA 454 8 11 n] il
TR T G A A0 e R A 56 3 PR (4 B 422 5 mRNA FUE
PS5 g o B2 R R & AR AR A5 hnRNP U
4 % 300 30 o A R 40 L A9 mRNAs SR 34 5
TLR % S R4 N 7 19 7= 42721 TRAK] &
toll BESZARA T 1Y NF-xB 155 1% S 114 1 2 20 i 5
Oy BTSRRI, /N B B R 400 hnRNP T R BRIET
T NF-kB {5 518 AR IRAKT B9RIR, R B IR5E
A B S e A2, S8 K4 I 4 i R R
5, Bt e R 1R 7B MRS B Y . hnRNP K-37
UTR & & Y il K %5 5 09 B W 40 it TAKD 1Y
mRNA B2, g 2 WA 09 TLR4 JTE T B 3 b A
PRI, B A R TAKL {2 BE B W 40 i 48 E 2
B RV hnRNP A2/B1 A] U8 4% 48 i 156 45 Ak
IR 080 LR A W A0 L R 0 5 A AR A T A R T T
7~ hnRNP-A2/B1 7152 9 5E M [ B 592 )0
AT ZAME A, hoRNP I 0953 BHE S A &4
SERA 9 W R  HE IR HE AR 2R M 4 L R R e
{67~ hnRNP 1 ARHS 5 S5 J5 42 1l T REAE 98 RE A gg
(4 AL & HE B hnRNP AL i3t |
P& TFF2, 238t CD3 PRt & /N B i i 5143
BTN PR TR S BB SR T Bl 4T Tl
HAFZERERERMREEHEAEFNESE RN
71'_“/4:'3[28729] .

3 hnRNPs 5i{ygE &% Z

JiiIeE A B 1) Bk — 28 B4 R e B, R T RE R
PN RS THUARRI S i, CD8” T 4iiig, A 48R

5 (NK ) 20 i 01 B A% 200 e A B 00 s b S 5 7%, R

NEL JE R B AR A R R G,
Lnc RNA FIRRE j#i i 5 hnRNP U AHE/EH RS &
JEFE mRNA #9542 1 . hnRNP Al & TRAF6
EHJEY , hnRNP Al /Y TRAF6 12 Z4kiH7Y Arhgapl
B35 Y) , hnRNP A1 (9972 R AAE FIRE 56 K A% B0 5
HAE Y S8 AR RO, T3 GTP 456 11 Rho K
R CDCA2 S A AR A8 i & A8, 1 a1
Yl CD45 SZ AR AR BE IR (L 7E T 240 Y & SR
WS B4R, CD45 52 hnRNP L A8 45 2R 47
AIARBYY]  hnRNP L 3l 02 3895 §iR T 40 3E 2 AR Fk
AEIR T2 M5 5 BEMTRAY T 4 /AL AT A2t
hnRNP M 9 52) BE 2 383 3 o5 S e 4 e CD44 7K
AR VR L2556 7% R LR R 2B X R
YER—Fayr S HAA W 0 R4 hnRNPs 1)
H70 T BE EAR HE BT mRNA 57428 5 & 758 i 31 5
RNA ERFE I TTHES 5 T RNA AR H T A it
S WA &M hnRNP L (OR3P 2% T 24
3’ UTR W& FIIAATE, 13X 26 555 1) mRNA BEAS
HRETC LA T mRNA FEARRAR AR S bel2 13
PRI B, XA BY T B 40 bk R Y
P ) Lne RNA THRIL M H:45 4% 11 hnRNP L
AT LA TNFo 3R 3K , 78 N8558 KA e 928 [ v Fl
RAEVEGR & EEPAEEAENY . hnRNP K )
FEASA BT T 4R B 40k 8 19 & 4 . hnRNP
A1/A2 TY sf2/asf 1Y 4FF 52 PERIBRIE N T IRF-3 Fii{&
mRNA S+ 2 F1 3 (8501, IF 2 7 A AE/NH
98 ) S e T T e Y

4 hnRNPs 5 g IR E

i ge A A 25 A AR RO | AT IV 30 1Y) A
355, B2 e PR 58 1) ek A v v A 3 T BIL R 1 AR A
FIFE R, IS E SR Y BUIRE T R 20 i Y
WEBEEE . SR, 55 0E A0 A [A] A O 98 40 L E
AR AR AT SR (e AT RE 8 B 4 b il 7 A1
NS SR S R, Bad ok, RIVaT LU 98 iR
PAEE™ . BT & B, hnRNP A1 215 5 iR
P4 ( pyruvate kinase, PK) mRNA B8 £ 55 42 |
iivsed 40 iR S M 7= 42 PKM2 2B, hnRNP AL (5 2
P AR A5 70 20 W R JH R4 O X2 R T PRM2 4K
R RS . 2 CBEEEEN T 1) hnRNP A1 £
ZTAL e 5 L1 PKM2 4K (% J7 =X 40 1) T 400 i Je8
(hepatocellular carcinoma, HCC ) 34 58 F1fi g K 4



276 b [ SR SR 2020 4F 4 H 5 28 B4 2 Acta Lab Anim Sci Sin, April 2020, Vol. 28, No. 2

XL LI hnRNP-A1 2 FEAL 7 S 10 1018 5 2
R IR 1 38 o7 e e A s Ay el A )

Jifrged ELA 4 40 20 A 08 A RN AR AE , FHAE R 11 ]
P SR 00 3 il A0 R R B 1 DX 3R, 5k %o fieb 2 4 i
I A0 M 8 V5 2 8 T A 2 A BRI, bR i 2
AR UE 2R B, AN 1 b e A 355 G R v 722 i e 240 i
R R, BA B T AT BT sy, Ibii SO 85
(14 AR R T B 509 40 it 35 D) 6 K 0 A 7 3 0 5 £ 9
I WA BE 55 S hnRNP A1 JEKAY cDNA ik
HETTE B B2 (AT L Yao %5 & BN 1
il - VEGFA (vascular endothelial growth factor-A
VEGFA) i) mRNA #7% & H1 & &% CA BmiR-574-3p
5 hnRNP L 22 [8] B9 X ) A B AE FH B 22 9, I e
BE b R AR OC B MR AR I 235 VEGFA X Mg 1 it g
MR B CHE, fEIEH A RAE T, miR-574-3p
VERBIE, 454 ML hnRNP L, FHLIFH 55 & CA T
EHLEA AR VEGFA B mRNA B3, [A] i 7o i
miR-297 /v T 1 BB UCER SR, AE SR SR T,
hnRNP 1 (1) % 22 2 B 1R Ak SO e L 22, k] 1
miR-574-3p R TH I 1 A A 7 15 51040 1) 3 PR 3E
BRIEPE . AMEFIA) miR-574-3p 454 hnRNP L fY
2/~ RNA PUIBHARZE 5, 5 miR-297 WrEFE A,
/> VEGFA B35 mRNA B9 8115, 51 % 40 i
T, DAl i ) A

5 ZiE

Z5 LRIk  hnRNPs /54 —Fp b 4t J5t, vl DL
it 22 g A% A D7 2 45 KT Jie i 96 R OG B PTG R
IR TR S5, SNE SN 5 I IR B 85 T T R 4%
HHEEEM, (B HABET hnRNPs 76 R AE N, Bl
T8 g% S ORI 93 o A T A0 B B, AR 22 G At
) LA A FRE i — 20 s g ke, BRILZ 4N, i T
FZ hnRNPs A LA A RNA 25645, R LAY
hnRNPs Z [AJE iU & Fh 2 S W04 A B T3RATE 47
b 2 A G AN R R 2 D B, hnRNPs S8 7% 1 01 AR
Z  ReS 2% AR — N S0 , 7 2 I B
JEAB R IR T, 4R 501 W R A A £ 11 5 190 0 4 Y
e LA AE 5 HAD R = A BAE R ARAE
Bifi hnRNPs ¥ B Y5 K 22 54 09 A W 8 n DL &
X B 5 PR BT 42 8 5 4 F LR R IR A,
hnRNPs 8 Ji% & R TE i 1Y BL 302 W B RR YT M
A Wy TR 2 A FE S A I R R

& % X Bk (References)

[ 1] Hanahan D, Coussens LM. Accessories to the crime: functions of

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

cells recruited to the tumor microenvironment [ J]. Cancer Cell,
2012, 21(3): 309-322.

Quail DF, Joyce JA. Microenvironmental regulation of tumor
progression and metastasis [ J]. Nat Med, 2013, 19(11) . 1423
-1437.

Han SP, Tang YH, Smith R. Functional diversity of the
hnRNPs; past, present and perspectives [ J]. Biochem J, 2010,
430(3) : 379-392.

Geuens T, Bouhy D, Timmerman V. The hnRNP family: insights
into their role in health and disease [ J]. Hum Genet, 2016, 135
(8): 851-867.

Bomsztyk K, Denisenko O, Ostrowski J. hnRNP K one protein
multiple processes [ J]. Bioessays, 2004, 26(6) ; 629-638.
Lynch M, Chen L, Ravitz MJ. et al. hnRNP K binds a core
polypyrimidine element in the eukaryotic translation initiation
factor 4E ( elF4E ) promoter, and its regulation of elF4E
contributes to neoplastic transformation [ J]. Mol Cell Biol,
2005, 25(15) ; 6436-6453.

Carpenter B, MacKay C, Alnabulsi A, et al. The roles of
heterogeneous nuclear ribonucleoproteins in tumour development
and progression [ J]. Biochim Biophys Acta, 2006, 1765(2) .
85-100.

He Y, Smith R. Nuclear functions of heterogeneous nuclear
ribonucleoproteins A/B [J]. Cell Mol Life Sci, 2009, 66(7) :
1239-1256.

He Y, Brown MA, Rothnagel JA, et al. Roles of heterogeneous
nuclear ribonucleoproteins A and B in cell proliferation [ J]. J
Cell Sci, 2005, 118(14) . 3173-3183.

Cui H, Wu F, Sun Y, et al. Up-regulation and subcellular
localization of hnRNP A2/B1 in the
hepatocellular carcinoma [ J]. BMC cancer, 2010, 6(10) : 356
-370.

Chaudhury A, Chander P, Howe PH. Heterogeneous nuclear

development  of

ribonucleoproteins ( hnRNPs ) in cellular processes: Focus on
hnRNP E1’ s multifunctional regulatory roles [ J]. RNA, 2010,
16(8) ; 1449-1462.

Wang L., Wen M, Cao X. Nuclear hnRNPA2BI1 initiates and
amplifies the innate immune response to DNA viruses [ J].
Science, 2019, 365(6454) . 1-17.

Da Silva N, Bharti A, Shelley CS. hnRNP-K and Pur ( alpha)
act together to repress the transcriptional activity of the CD43
gene promoter [ J]. Blood, 2002, 100(10) : 3536-3544.

van Domselaar R, de Poot SA, Remmerswaal EB, et al.
Granzyme M targets host cell hnRNP K that is essential for human
cytomegalovirus replication [ J]. Cell Death Differ, 2013, 20
(3): 419-429.

Klingenberg M, Gross M, Goyal A, et al. The long noncoding
RNA cancer susceptibility 9 and RNA binding protein
heterogeneous nuclear ribonucleoprotein L form a complex and
coregulate genes linked to AKT signaling [ J]. Hepatology,
2018, 68(5) :1817-1832.

Brown AS, Mohanty BK, Howe PH. Identification and



o [ S 6 Zh 24 2020 4F 4 A28 28 B5E 2 ] Acta Lab Anim Sci Sin, April 2020, Vol. 28, No. 2

2717

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[27]

[28]

[29]

[30]

characterization of an hnRNP EI translational silencing motif
[J]. Nucleic Acids Res, 2016, 44(12) . 5892-5907.

Cao X. Self-regulation and cross-regulation of pattern-recognition
receptor signalling in health and disease [ J]. Nat Rev Immunol,
2016, 16(1) . 35-50.

Lu JY, Sadri N, Schneider RJ. Endotoxic shock in AUFI
knockout mice mediated by failure to degrade pro-inflammatory
cytokine mRNAs [ J]. Genes Dev, 2006, 20(22) ; 3174-3184.
Soderberg M, Raffalli-Mathieu F, Lang MA.

Inflammation

modulates  the interaction of  heterogeneous  nuclear

ribonucleoprotein  ( hnRNP ) 1/polypyrimidine tract binding
protein and hnRNP L with the 3’ untranslated region of the
murine inducible nitric-oxide synthase mRNA [ J ]. Mol
Pharmacol, 2002, 62(2) : 423-431.

Saul MJ, Stein S, Grez M, et al. UPF1 regulates myeloid cell
functions and S100A9 expression by the hnRNP E2/miRNA-328
balance [J]. Sci Rep, 2016, 6:31995.

Tauler J, Mulshine JL. Lung
interaction of chemokines and hnRNPs
Pharmacol, 2009, 9(4) . 384-388.
David CJ, Chen M, Assanah M,

cancer and inflammation:

[J]. Curr Opin
et al. HnRNP proteins
controlled by ¢-Myc de-regulation pyruvate kinase mRNA splicing
in cancer [ J]. Nature, 2010, 463(7279) : 364—368.

Zhao W, Wang L, Zhang M, et al. Nuclear to cytoplasmic
translocation of heterogeneous nuclear ribonucleoprotein U
enhances TLR-induced proinflammatory cytokine production by
stabilizing mRNAs in macrophages [ J]. J Immunol, 2012, 188
(7): 3179-3187.

Jin Z, Liang F, Yang J, et al. hnRNP I regulates neonatal
immune adaptation and prevents colitis and colorectal cancer
[J]. PLoS Genet, 2017, 13(3) :e1006672.

Liepelt A, Mossanen JC, Denecke B, et al. Translation control of
TAKI1 mRNA by hnRNP K modulates LPS-induced macrophage
activation [J]. RNA, 2014, 20(6) : 899-911.

Qu XH, Liu JL, Zhong XW, et al. Insights into the roles of
hnRNP A2/B1 and AXL in non-small cell lung cancer [ J].
Oncol Lett, 2015, 10(3) : 1677-1685.

Takahashi H, Nishimura J, Kagawa Y, et al. Significance of
polypyrimidine tract-binding protein 1 expression in colorectal
cancer [ J]. Mol Cancer Ther, 2015, 14(7): 1705-1716.
Misquitta-Ali CM, Cheng E, O’ Hanlon D, et al. Global
profiling and molecular characterization of alternative splicing
events misregulated in lung cancer [ J]. Mol Cell Biol, 2011, 31
(1): 138-150.

Xue Y, Ouyang K, Huang J, et al. Direct conversion of
fibroblasts to neurons by reprogramming PTB-regulated
microRNA circuits [ J]. Cell, 2013, 152(1-2) : 82-96.

Ando K, Fujiya M, Konishi H, et al. Heterogeneous nuclear

ribonucleoprotein Al improves the intestinal injury by regulating

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

apoptosis through trefoil factor 2 in mice with anti-CD3-induced
enteritis [ J]. Inflamm Bowel Dis, 2015, 21(7) : 1541-1552.
Bidwell BN, Slaney CY, Withana NP, et al. Silencing of Irf7
pathways in breast cancer cells promotes bone metastasis through
immune escape [ J]. Nat Med, 2012, 18(8) . 1224-1231.

Lu Y, Liu X, Xie M, et al. The NF-kappaB-responsive long
noncoding RNA FIRRE regulates posttranscriptional regulation of
inflammatory gene expression through interacting with hnRNPU
[J]. J Immunol, 2017, 199(10) : 3571-3582.

Gaudreau MC, Heyd F, Bastien R, et al. Alternative splicing
controlled by heterogeneous nuclear ribonucleoprotein L regulates
development, proliferation, and migration of thymic pre-T cells
[J]. J Immunol, 2012, 188(11): 5377-5388.

Sun H, Liu T, Zhu D, et al. HnRNPM and CD44s expression
affects tumor aggressiveness and predicts poor prognosis in breast
cancer with axillary lymph node metastases [ J ]. Genes
Chromosomes Cancer, 2017, 56(8) : 598-607.

Huelga SC, Vu AQ, Amold JD, et al. Integrative genome-wide
analysis reveals cooperative regulation of alternative splicing by
hnRNP proteins [J]. Cell Rep, 2012, 1(2): 167-178.

Kishor A, Ge Z, Hogg JR. hnRNP L-dependent protection of
normal mRNAs from NMD subverts quality control in B cell
lymphoma [ J]. EMBO J, 2019, 38(3) : €99128.

Li Z, Chao TC, Chang KY, et al. The long noncoding RNA
THRIL regulates TNF-a expression through its interaction with
hnRNPL [ J]. Proc Natl Acad Sci U S A, 2014, 111(3) . 1002
-1007.

Guo R, Li Y, Ning J, et al. HnRNP A1/A2 and SF2/ASF
regulate alternative splicing of interferon regulatory factoR-3 and
affect immunomodulatory functions in human non-small cell lung
cancer cells [ J]. PLoS One, 2013, 8(4) : e62729.

Pavlova NN, Thompson CB. The Emerging Hallmarks of Cancer
Metabolism [ J]. Cell Metab, 2016, 23(1) ; 27-47.

Yang H, Zhu R, Zhao X, et al. Sirtuin-mediated deacetylation of
hnRNP Al suppresses glycolysis and growth in hepatocellular
carcinoma [ J]. Oncogene, 2019, 38(25) : 4915-4931.

Denko N, Schindler C, Koong A, et al. Epigenetic regulation of
tumor

cervical cancer cells by the

Clin Cancer Res, 2000, 6 (2): 480

gene expression in
microenvironment [ J .
-487.

Yao P, Wu J, Lindner D, et al. Interplay between miR-574-3p
and hnRNP L regulates VEGFA mRNA
tumorigenesis [ J]. Nucleic Acids Res, 2017, 45(13) ;7950
-7964.

Jafarifar F, Yao P, Eswarappa SM, et al. Repression of VEGFA
by CA-rich element-binding microRNAs is modulated by hnRNP
L [J]. EMBO J, 2011, 30(7): 1324-1334.

translation and

[WFEEHA] 2019-10-15



