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[ Abstract] Objective To investigate the regulatory effect of all-trans retinoic acid (ATRA) on the expression
interleukin-13 (IL-1B) in macrophages and the mechanisms involved. Methods Macrophages were treated with
1 pumol/L ATRA for 24 h before RNA-Sequence. Differentially expressed genes (DEGs) were screened out and analyzed by
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis, gene ontology (GO) functional
analysis, and protein-protein interaction networks (PPI) analysis. After treatment with different doses of ATRA for 24 h,
the expression of IL-1( was examined with qRT-PCR and Western blot. The activation of NF-kB signaling and caspase-1
was observed by Western blot and immunofluorescence staining. Results Compared with the blank control group, a
total of 71 DEGs of macrophages were upregulated in the ATRA treatment group. KEGG analysis showed that the up-
regulated DEGs were involved in IL-17 signaling pathway, tumor necrosis factor (TNF) signaling pathway, etc. GO
analysis indicated that the up-regulated DEGs were involved in the biological processes of the production of IL-1,
response to lipopolysaccharide, etc. PPI analysis revealed that inflammatory cytokines, adhesion molecules, and
chemokines were the key genes that ATRA acted on. In vitro experiments showed that ATRA promoted IL-1P expression
in macrophages in a concentration-dependent manner. The expression of p-NF-kB, NF-kB, and caspase-1 were
significantly increased by ATRA compared with those of the control group (P<0.05), and p-NF-«B translocated to the cell
nucleus in the ATRA group. Conclusion ATRA may promote the expression of IL-1f by activating NF-«B signaling and
caspase-1 in macrophages, this study may provide evidence for the immune regulatory function of ATRA on
macrophages.
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1.3 qRT-PCR
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RNA, il 380 % %1855 £ (TaKaRa )5 1 000 ng RN A
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Table 1 Primer sequences for genes associated with inflammation

Gene (human)
IL-1P F: GAAATGATGGCTTATTACAGTGGC
R: TTGCTGTAGTGGTGGTCGGAG

Primer sequence (5°-3’)

Caspase-1 F: GAGAAACATCCAAAAGTGAGGG
R: GCCTTTCTTCTGGTCAGTGC
GAPDH F: CAGGAGGCATTGCTGATGAT

R: GAAGGCTGGGGCTCATTT

1.4 Western blot

R IITL- 1B, S0 4041 h 28 FIXTIRZE . 10 nmol/L
ATRAZ. 100 nmol/L ATRAZ. 1 pumol/L ATRAZ .
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CST)4 CFHFER. IXTBSTHIE T3, I AR T
AR ICH S IRFE 1 h, IXTBSTIH B3I,
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E& . Image JHPFHERT H AR 4507 K EE 538, GAPDH
HNZEA, BWEA SNSEAKEEE R B R
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LK R A FAXTIR4E L 100 nmol/L ATRA4L
1 pmol/L ATRAZ . 10 umol/L ATRA4L. ¥ E W40
Pl F445rbE35 mm LR A ML T, ZhHie him, IR %0h
4%%2 5 W[5 %€ 30 min, PBSH 31K, 0.2% TritonX-
1003%E K10 min, PBSTH UE3IK, 5% 4 IfiL 1% 1 8 1 & 4]
30 min, Il Ap-NF-kB/p-p655i{4(1 : 1000, Abcam) 4 “Cif
W F L . WHIMAZOE —H(1 : 1000, ) =i
BEEIFE 1 h, PBSTEUE3YX, DAPIHL {45 min, PBSTEUE3IX,

RSO WA REEIR
L6 HiITFETE

fdi i Graphpad Prism7.0# 1748114047, SR LA R
Ti2Er M b A dlm g it 22 5, R ek 46 0 2L
ZIAI G255, P<0.05 N 2R A G2 E = L
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2.1 EYEERESWER

HR A O VEAR 1, AT ARG H 307 16 H 140N DEGs, H
BRI 714, FIRRIRIEHF 691 (F2), T fy
DEGsER I/ A WIE1A . KEGGIEE M HTRH714~ I
JHFIREEN S 5 RAEAH G5 58 %, /%R -17(1L-
17) 155 % . Mg SRSE 7 (TNF) {5 5 38 % A 40 i P
F—ZARM B AR HE B (K 1B) . GOTRESMHTIESE |-
FH S HIL- 180 A . RAE N . S RN . H k4l
MLt 2 2E M B (F1C) . 714 A rh ik
A 240 FEF W RIPPIM 45, Hob A 6 M0, 4y
A AN R La(IL-1a) . FAZRIPUIL-1B) . Al AL RDRS B 53
T-1(ICAM-1) | #afbHFEfA2(CCL2) | B TRk
20(CCL20) . FH/-%8(CXCL8) (K1D).
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Table2 The DEGs included 71 upregulated genes and 69 downregulated genes

DEGs

Gene name

Up-regulated genes

H2AC19, BPI, KLK6,PTGES, IL31RA, STC1, ITGA1, EFNB2, ANGPTL4, SToOGALNACS, IL1A, HLA-DMB, SCG2, HIC1, CCL20,

LRRC32, CYP26B1, CD300LB, IL1B, CCL2, ALOX5AP, THBD, SLA, ETV7, RAB3C, LTBP3, IFI44L, MLPH, ABCA1, TDO2,
GBP4, LOC400499, CXCL8, SH3BGRL2, SEMA6B, BAALC, CHST15, FRMD3, RCAN2, ATP9A, STOX2, MAP2, CYFIP2,
PLAAT4, HIVEP2, LOC107986113, DCSTAMP, ANKRD35, CNR1, SELENOP, PLS1, SMAD3, NR2F1, NDFIP1, SYT2,
Cl100rf105, IL15RA, ALX4, PIK3CG, PLK3, GDF15, ICAM1, FAM20C, CHST7, DSE, CEBPB, BATF2, SLC5A3, LILRA1,

CYTH3, MRPS6
Down-regulated genes

OLFM3, STXBP6, GRXCR2, EMP3, COL11A1, S100A3, SLC13A3, CACNB4, ZBTB16, PBX1, ROBO4, UNC5A, VIPR1, HSPB7,

SEPTIN4, HTR2A, FAM184B, GPR88, C2CD4C, CX3CR1, MMP12, CSPG4, LMO4, RAB6B, IL1R1, S100A6, FA2H, SLC12A8,
NCR3LG1, HCK, SDC2, S100A4, CHST13, LGALS1, PLP2, C201f92, AHNAK, EHD2, KCNIP3, ITGA7, PTPRK, TMPRSS9,
CFAP251, MMPS8, RET, PRELID2, SLC17A7, CAPN2, SYNE3, MYEOV, FKBP5, KCNC4, IFNGR1, AGRN, SCIN, C30rf80,
MMP17, MUC1, DCBLD1, PTK2B, KIFC2, TNNT1, ITGA9, AHNAK2, TSC22D3, CERCAM, ANXA2, PFKP, NRBP2

The upregulated genes were arranged in log,FC order from large to small, and the down-regulated genes were arranged in log,FC order from small to large.
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ik ([El4A. 4B, 4C), MRS Ese b (0 RUJATRA(ZHE T
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Fig 1 Bioinformatics analysis of differentially expressed genes (DEGs)

A: Heat map of DEGs between the control and the ATRA groups, with red representing upregulated genes and green representing downregulated genes; B-C: KEGG

and GO analysis of upregulated genes; D: Protein-protein interaction networks (PPI), with labels for the top six genes ranked according to the degree of nodes.
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Fig 2 FPKM of key genes represented in the PPI(n=3)
*P<0.05, ***P<0.001.
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Fig 3 Expression of IL-1p in macrophages after ATRA treatment(n=3)

A: mRNA expression of IL-1f in macrophages after ATRA treatment for 24 h; B-D: Western blot and protein quantification of IL-1p and cleaved IL-1p in

macrophages after ATRA treatment for 24 h. *P<0.05; **P<0.01; ***P<0.001.
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Fig 4 The effect of ATRA on NF-kB signaling pathway in macrophages(n=3)

A-C: Western blot and protein quantification of p-NF-kB and NF-«B in macrophages after ATRA treatment for 6 h; D: Immunofluorescence images of p-NF-kB
translocation in macrophages after ATRA treatment for 6 h (blue: DAPI; red: p-NF-kB; white arrows pointing to nuclear translocation of p-NF-kB); *P<0.05; **P<0.01;
***P<0.001.
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Fig 5 The effect of ATRA on the expression of caspase-1 in macrophages(n=3)

A: mRNA expression of caspase-1 in macrophages after ATRA treatment for 24 h; B, C: Western blot and protein quantification of caspase-1 in macrophages after

ATRA treatment for 24 h. *P<0.05, **P<0.01, ***P<0.001.

FIL-1af R IB I BT 5, TL-1o0fITL-1B45F AR, LT g R AR BREREALE I TR, (R, iR R
—ANZAKIL-1R1, IL-1afER N AR TEIE IR 2, AL HG1L- AT ATRA RETE IR YL FRAE & 5 SR 55,
Lo, 43RS | JEAR Fpropiece, FRLIL-1a By DI RE L5 IEATRATE G 28 98735 77 1 A FH B 5 S MOk #k £2 A 56
2, ARSI A #E— L TRAIRTE o RAMIZIGAIY R I ATRA LA e e s /E H, 76

A R A A AE— HOA R AE R R R E ) ARt AR v, ATRARE b 35 14 5 SR A% 21 Jfl T NF-x B
REMY LB SRR, MHPUR Y 2 OCHE L, m 2 M%) L I M, BEANTL- 1B A TNF-al) 2235, 8 FF B 20 it 1) 412



450 PRl (BE2E R

5 53%

JAES . AN, ATRAE B UE IS F B S e PE s
FLAE R G LI BRI BB PRSI 28| S I/
B IE S5 — i BT R IR SR T T THATRA
FEH TR YT APL, S AT 39 b ol 25 988 4 At Y 2 71,
] bR 1 A 8, (LA B ST R T/ BRI R AR A o, A
JEE I 114 Jieb R T B BB A5 IR 0 B 7 A2 ATRA, fi2
IR A AL A L 53 A Sy SR B T R A i, DA T i
BRI ) R R 25 ERTIR, ATRAXT T RGN 5
Me) 52 4%, AR SIS ANARIE T RS A BRAR SN ATRAXT F I
20 VR, FE WA 1 55008 AR A TE A LTS 0 DA K
PRI 5256 i ATRABINR] K 45 G 8 Va1 5/ PR 5 20— 20
&R

ST AR SN SEIG, ASBFSR BRI T ATRA S Ve
JEEARSE 1 (2 1 5 W 200 B v S PRl ¥ IL- 1 PR e IX 43008,
i# i Western blot FI 29 G (0, ARATFERBIATRA
WO T BRI P NF-kBf5 5 Mlcaspase-1, #2875 ATRA [
fEIE i NF-kBf5 5 Flcaspase- & i F W4 TL- 1B %
ik, S ATRAXY E W 40 ) S e 15 P Fe S ik 1 Sk
o AW R BRPELE T IOk N S92 50, DRAEZH J5 2 T
AL, i — LB AR o E AL

FlRWZE  Ira e & U AER 5 e
2 £ X Wt

[1] SZYMANSKIE, SKOPEK R, PALUSINSKA M, et al. Retinoic acid and
its derivatives in skin. Cells, 2020, 9(12): 2660[2022-03-27]. https://doi.
0rg/10.3390/cells9122660.

[2] WANGL, ROHATGI A, WAN Y J M I E. Retinoic acid and microRNA.
Methods Enzymol, 2020, 637: 283-308.

[3] BROWN C, ESTERHAZY D, SARDE A, ef al. Retinoic acid is essential
for Thl cell lineage stability and prevents transition to a Th17 cell
program. Immunity, 2015, 42(3): 499-511.

[4] MARTINO O, WELCH J. Retinoic acid receptors in acute myeloid
leukemia therapy. Cancers, 2019, 11(12): 1915[2022-03-27]. https://doi.
org/10.3390/cancers11121915.

[5] STAHL M, TALLMAN M S. Differentiation syndrome in acute
promyelocytic leukaemia. Br ] Haematol, 2019, 187(2): 157-162.

[6] ALBANESI J, NOGUERA N, BANELLA C, et al. Transcriptional and
metabolic dissection of atra-induced granulocytic differentiation in nb4
acute promyelocytic leukemia cells. Cells, 2020, 9(11): 2423[2022-03-27].
http://dx.doi.org/10.3390/cells9112423.

[7] DUNOYER-GEINDRE S, RIVIER-CORDEY A, TSOPRA O, et al.

Effect of ATRA and ATO on the expression of tissue factor in NB4 acute

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

(16]

(17]

[18]

[19]

[20]

promyelocytic leukemia cells and regulatory function of the inflammatory
cytokines TNF and IL-1f. Ann Hemato, 2017, 96(6): 905-917.

BABINA M, GUHL S, MOTAKIS E, et al. Retinoic acid potentiates
inflammatory cytokines in human mast cells: identification of mast cells
as prominent constituents of the skin retinoid network. Mol Cellular
Endocrinol, 2015, 406: 49-59.

CHO H, CHOIE, LEES, et al. All-trans retinoic acid induces TLR-5
expression and cell differentiation and promotes flagellin-mediated cell
functions in human THP-1 cells. Immunol Lett, 2011, 136(1): 97-107.
KANEKO N, KURATA M, YAMAMOTO T, et al. The role of
interleukin-1 in general pathology. Inflamm Regen, 2019, 39: 12[2022-
03-27]. http://dx.doi.org/10.1186/s41232-019-0101-5.

JAMBROVICS K, URAY I, KERESZTESSY Z, et al. Transglutaminase 2
programs differentiating acute promyelocytic leukemia cells in all-trans
retinoic acid treatment to inflammatory stage through NF-kB activation.
Haematologica, 2019, 104(3): 505-515.

MOHAMMADZADEH Z, OMIDKHODA A, CHAHARDOULI B, et
al. The impact of ICAM-1, CCL2 and TGM2 gene polymorphisms on
differentiation syndrome in acute promyelocytic leukemia. BMC Cancer,
2021, 21(1): 46[2022-03-27]. http://dx.doi.org/10.1186/s12885-021-
07783-y.

DUEZ H, POURCET B J FIE. Nuclear receptors in the control of the
nlrp3 inflammasome pathway. Front Endocrinol (Lausanne), 2021, 12:
630536[2022-03-27]. http://dx.doi.org/10.3389/fendo.2021.630536.
SCHWAID A, SPENCER K B. Strategies for targeting the NLRP3
inflammasome in the clinical and preclinical space. ] Med Chem, 2021,
64(1): 101-122.

BARNABEI L, LAPLANTINE E, MBONGO W, et al. NF-kB: At the
borders of autoimmunity and inflammation. Front Immunol, 2021, 12:
716469[2022-03-27]. http://dx.doi.org/10.3389/fimmu.2021.716469.

WEN L, SUN W, XIA D, etal. The m6A methyltransferase METTL3
promotes LPS-induced microglia inflammation through TRAF6/NF-«B
pathway. Neuroreport, 2020, 33(6): 243-251.

CHENS, LIY, CHU B, et al. Lactobacillus johnsonii L531 alleviates the
damage caused by typhimurium via inhibiting TLR4, NF-«xB, and
NLRP3 inflammasome signaling pathways. Microorganisms, 2021, 9(9):
1983[2022-03-27]. http://dx.doi.org/10.3390/microorganisms9091983.
DU X, QUEW, HU X, et al. Oridonin prolongs the survival of mouse
cardiac allografts by attenuating the NF-kB/NLRP3 pathway. Front
Immunol, 2021, 12:719574[2022-03-27]. http://dx.doi.org/10.3389/
fimmu.2021.719574.

HUANG J, AN Q, JU B, et al. Role of vitamin D/VDR nuclear
translocation in down-regulation of NF-kB/NLRP3/caspase-1 axis in
lupus nephritis. Int Inmunopharmacol, 2021, 100: 108131[2022-03-27].
http://dx.doi.org/10.1016/j.intimp.2021.108131.

XAVIER-ELSAS P, VIEIRA B, MASID-DE-BRITO D, et al. The need to


https://doi.org/10.3390/cells9122660
https://doi.org/10.3390/cells9122660
http://dx.doi.org/10.1016/bs.mie.2020.02.009
http://dx.doi.org/10.1016/j.immuni.2015.02.003
https://doi.org/10.3390/cancers11121915 
https://doi.org/10.3390/cancers11121915 
http://dx.doi.org/10.1111/bjh.16151
http://dx.doi.org/10.3390/cells9112423
http://dx.doi.org/10.1007/s00277-017-2970-5
http://dx.doi.org/10.1016/j.mce.2015.02.019
http://dx.doi.org/10.1016/j.mce.2015.02.019
http://dx.doi.org/10.1016/j.imlet.2011.01.001
http://dx.doi.org/10.1186/s41232-019-0101-5
http://dx.doi.org/10.3324/haematol.2018.192823
http://dx.doi.org/10.1186/s12885-021-07783-y
http://dx.doi.org/10.1186/s12885-021-07783-y
http://dx.doi.org/10.3389/fendo.2021.630536
http://dx.doi.org/10.1021/acs.jmedchem.0c01307
http://dx.doi.org/10.3389/fimmu.2021.716469
http://dx.doi.org/10.1097/wnr.0000000000001550
http://dx.doi.org/10.3390/microorganisms9091983
http://dx.doi.org/10.3389/fimmu.2021.719574
http://dx.doi.org/10.3389/fimmu.2021.719574
http://dx.doi.org/10.1016/j.intimp.2021.108131
https://doi.org/10.3390/cells9122660
https://doi.org/10.3390/cells9122660
http://dx.doi.org/10.1016/bs.mie.2020.02.009
http://dx.doi.org/10.1016/j.immuni.2015.02.003
https://doi.org/10.3390/cancers11121915 
https://doi.org/10.3390/cancers11121915 
http://dx.doi.org/10.1111/bjh.16151
http://dx.doi.org/10.3390/cells9112423
http://dx.doi.org/10.1007/s00277-017-2970-5
http://dx.doi.org/10.1016/j.mce.2015.02.019
http://dx.doi.org/10.1016/j.mce.2015.02.019
http://dx.doi.org/10.1016/j.imlet.2011.01.001
http://dx.doi.org/10.1186/s41232-019-0101-5
http://dx.doi.org/10.3324/haematol.2018.192823
http://dx.doi.org/10.1186/s12885-021-07783-y
http://dx.doi.org/10.1186/s12885-021-07783-y
http://dx.doi.org/10.3389/fendo.2021.630536
http://dx.doi.org/10.1021/acs.jmedchem.0c01307
http://dx.doi.org/10.3389/fimmu.2021.716469
http://dx.doi.org/10.1097/wnr.0000000000001550
http://dx.doi.org/10.3390/microorganisms9091983
http://dx.doi.org/10.3389/fimmu.2021.719574
http://dx.doi.org/10.3389/fimmu.2021.719574
http://dx.doi.org/10.1016/j.intimp.2021.108131

E R

BB AR 4 i aNdE H O BRI P E -1 BARIK AT LRI T 451

[21]

[22]

[23]

consider context in the evaluation of anti-infectious and
immunomodulatory effects of vitamin A and its derivatives. Curr Drug
Targets, 2019, 20(8): 871-878.

HOANG T, JUNG]J, KIMJ]J B R 1. All-Trans retinoic acid enhances
bacterial flagellin-stimulated proinflammatory responses in human
monocyte THP-1 cells by upregulating CD14. Biomed Res Int, 2019,
2019: 8059312[2022-03-27]. http://dx.doi.org/10.1155/2019/8059312.
CHU Y, ZHAO C, ZHANG B, et al. Restoring T-helper 17
cell/regulatory T-cell balance and decreasing disease activity by
rapamycin and all-trans retinoic acid in patients with systemic lupus
erythematosus. Lupus, 2019, 28(12): 1397-1406.

RAFA H, BENKHELIFA S, AITYOUNESS, et al. All-trans retinoic acid

modulates TLR4/NF-kB signaling pathway targeting TNF-a and nitric

[24]

[25]

oxide synthase 2 expression in colonic mucosa during ulcerative colitis
and colitis associated cancer. Mediators Inflamm, 2017, 2017:
7353252[2022-03-27]. http://dx.doi.org/10.1155/2017/7353252.
HUANG Q, LIUY, WANG, et al. All-trans retinoic acid plus high-
dose dexamethasone as first-line treatment for patients with newly
diagnosed immune thrombocytopenia: A multicentre, open-label,
randomised, controlled, phase 2 trial. Lancet Haematol, 2021, 8(10):
€688-€699.
DEVALARAJA S, TO T, FOLKERT I, et al. Tumor-derived retinoic
acid regulates intratumoral monocyte differentiation to promote immune
suppression. Cell, 2020, 180(6): 1098-1114.e16.

(2021 - 12 — 20, 2022 - 03 - 28f&[1])

Hi W


http://dx.doi.org/10.2174/1389450120666181217095323
http://dx.doi.org/10.2174/1389450120666181217095323
http://dx.doi.org/10.1155/2019/8059312
http://dx.doi.org/10.1177/0961203319877239
http://dx.doi.org/10.1155/2017/7353252
http://dx.doi.org/10.1016/s2352-3026(21)00240-4
http://dx.doi.org/10.1016/j.cell.2020.02.042
http://dx.doi.org/10.2174/1389450120666181217095323
http://dx.doi.org/10.2174/1389450120666181217095323
http://dx.doi.org/10.1155/2019/8059312
http://dx.doi.org/10.1177/0961203319877239
http://dx.doi.org/10.1155/2017/7353252
http://dx.doi.org/10.1016/s2352-3026(21)00240-4
http://dx.doi.org/10.1016/j.cell.2020.02.042
http://dx.doi.org/10.2174/1389450120666181217095323
http://dx.doi.org/10.2174/1389450120666181217095323
http://dx.doi.org/10.1155/2019/8059312
http://dx.doi.org/10.1177/0961203319877239
http://dx.doi.org/10.1155/2017/7353252
http://dx.doi.org/10.1016/s2352-3026(21)00240-4
http://dx.doi.org/10.1016/j.cell.2020.02.042
http://dx.doi.org/10.1155/2017/7353252
http://dx.doi.org/10.1016/s2352-3026(21)00240-4
http://dx.doi.org/10.1016/j.cell.2020.02.042

	1 材料和方法
	1.1 细胞的培养
	1.2 转录组测序
	1.3 qRT-PCR
	1.4 Western blot
	1.5 细胞免疫荧光染色
	1.6 统计学方法

	2 结果
	2.1 生物信息学分析结果
	2.2 PPI中核心基因的FPKM表达
	2.3 ATRA对IL-1β的影响
	2.4 ATRA对NF-κB信号通路的影响
	2.5 ATRA对caspase-1的影响

	3 讨论

