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Effects of all-trans retinoic acid on expression of Toll-like receptor 5 on immune cells

Ki-Hyung Kim?*, Sang-Jun Park?
'CK Dental Hospital, *Department of Oral and Maxillofacial Surgery, Pusan Paik Hospital,
College of Medicine, Inje University, Busan, Korea

Introduction: TLR-5, a member of the toll-like receptor (TLR) family, is a element of the type | transmembrane receptors, which arézeldaracter
by an intracellular signaling domain homolog to the interleukin-1 receptor. These receptors recognize microbial compianéats; pacterial fla-

gellin. All-trans retinoic acid (atRA, tretinoin), a natural metabolite of vitamin A, acts as a growth and differentiatiom fawny tissues, and is
also needed for immune functions. In this study, THP-1 human macrophage-monocytes were used to examine the mechanisatRAyeguich
lated the expression of TLR-5. Because the molecular mechanism underlying this regulation at the transcriptional levetlsaalgbis study
examined which putative transcription factors are responsible for TLR-5 expression by atRA in immune cells.

Materials and Methods: This study examined whether atRA induces the expression of TLR-5 in THP-1 cells using reverse transcription-poly-
merase chain reaction (RT-PCR), and which transcription factors are involved in regulating the TLR-5 promoter in RAW2édingcelteporter
assay system. Western blot analysis was used to determine which signal pathway is involved in the expression of TLR€ailedfRAR:-1 cells.
Results: atRA at a concentration of 10 nM greatly induced the expression of TLR-5 in THP-1 cells. Human TLR-5 promoter containrd/tAf2e Sp
binding sites around -50 bp and two NF-kB binding sites at -380 bp and -160 bp from the transcriptional start site of then€LBgE1/GC is pri-
marily responsible for the constitutive TLR-5 expression, and may also contribute to NF-kB at -160 bp to induce TLR-FAadtenaitkion in
THP-1 cells. The role of NF-kB in TLR-5 expression was further confirmed by inhibitor pyrrolidine dithiocarbamate (PDT@)espemwhich
greatly reduced the TLR-5 transcription by 70-80%.

Conclusion: atRA induces the expression of the human TLR-5 gene and NF-kB is a critical transcription factor for the atRA-inducech @fpressio
TLR-5. Accordingly, it is conceivable that retinoids are required for adequate innate and adaptive immune responses iofaggots aliseases.
atRA and various synthetic retinoids have been used therapeutically in human diseases, such as leukemia and othercctrecargtigradiferative

and apoptosis inducing effects of retinoids. Therefore, understanding the molecular regulatory mechanism of TLR-5 méyeadssgmof alter-
native strategies for the treatment of infectious diseases, leukemia and cancers.
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1. atRA

atRA (Sigma chemical Co., St Louis, MO, USAXimethyl
sulfoxide (DMSO) (Sigma chemical Co., St Louis, MO, USA)
o] &l 100 4M stock solutiore. 2 T+H5-o] 2}333}e] -80C

o] B 3} t}. Stock solutiol- A}-&3}7] 2 Aol 0.5% fetal
bovine serum (FBS| A o] Y35t T2 3] 4 5} AL}
Ah.

2. MEFHHLR X2

Abshat A F o] A A M Q] THP-13F RAW264. 72 gh=
A 2T A FYstAtt o] Al ZF= Rosewell Park
Memorial Institute (RPMI) 16401 %] ¢l 10% FBS2} antibi-
otics (Gibco BRL, Grand island, NY, US&) A 7}3}<, 37C,
5% CQe| Z 71 5}e] ul k7)ol A wj k3t ok Wl 2] = 484]
Zotth ZolEth AP E ATES vl FYA o BFHT,
thed A9l uhel 44 @ 59 atRAS wiKo) F7}a
o Attt AZx+ M X = atRA tAlo] 0.001%
DMSOZE A g 3} th.
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527 459
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2) Total RNAE- 2]

Ztzhe] 27 A 4338 A Ee TRIZol reagent
(Invitrogen Carlsbad, CA, USA 1 mL % 437 5% Fot
EE 5 AR %9 0.2 volum@ﬂ &) J3}= chloroform& 3
7}k & 15% E¢ttubeE £ & 5 38 7F £}, o] £ &
4Col 4] 1587 12,000 rpre 2 14 &2 @ F ERS!

FH3ste], AA k<] 0.5 volume] 2-propanof 3 7}slal
£ Al 4Co A 1587 TS thrt 12,000 rpne. 2 4
ShTh AE A AL & FHE 70% ethanol
5004L 2 % ¢1 12,000 rpneil A 5% 7+ A2 2 A7) 3L %
Az389

L

Hu‘. £ tlo o

ACh

3) cDNA 34
o]z RNAE 30 pL 9] diethyl pyrocarbonate-distilled
water (DEPC-DWYI| &3 A1 7] 22, 2 ug2] RNAE 42C o A
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Table 1. Oligonucleotide primer sequence used in this study and products size of the amplified RT-PCR

Oligonucleotides Sequence{53") Product size
hTLR-1 F:CGT AAAACT GGA AGC TTT GCA AGA 889 bp
R :CCT TGG GCC ATT CCA AAT AAG TCC
hTLR-2 F: GGC CAG CAAATT ACC TGT GTG 614 bp
R:CCAGGTAGG TCT TGG TGT TCA
hTLR-3 F:ATT GGG TCT GGG AACATTTCTCTTC 319 bp
R:GTGAGATTT AAACATTCCTCTTCG C
hTLR-4 F:CTG CAATGG ATC AAG GAC CA 622 bp
R:TCC CACTCC AGG TAAGTGTT
hTLR-5 F:CAT TGT ATG CAC TGT CAC TC 445 bp
R : CCACCACCATGA TGA GAG CA
hTLR-6 F:TAG GTC TCATGA CGA AGG AT 1108 bp
R: GGC CAC TGC AAATAACTC CG
hTLR-7 F: AGT GTC TAA AGA ACC TGG 527 bp
R:CTT GGC CTT ACA GAA ATG
hTLR-8 F : CAG AAT AGC AGG CGT AAC ACATCA 637 bp
R : AAT GTC ACA GGT GCA TTC AAA GGG
hTLR-9 F:TTATGG ACT TCC TGC TGG AGG TGC 331 bp
R:CTG CGT TTT GTC GAA GAC CA
hTLR-10 F: CAATCT AGA GAA GGAAGATGG TTC 659 bp
R:GCCCTT ATAAACTTG TGA AGG TGT
hGAPDH F : TGA TGA CAT CAA GAA GGT GG 244 bp
R:TTACTC CTT GGA GGC CAT GT
mTLR-5 F: GCT CAAACA CCT GGATGC TCA 248 bp
R : TCC CAC CAC CAC CAC GAT GA
mGAPDH F: TTC ACC ACC ATG GAG AAG GC 210 bp

R : GGC ATG GAC TGT GG TCAT GA
(RT-PCR: reverse transcription polymerase chain reaction, TLR-5: Toll-like receptor-5, GAPDH: glyceraldehyde 3-phosphatedabgjir

1 uL reverse transcriptase (TaKaRa, Shiga, Japany, Boffer Carlsbad, CA, USA® o] &3l 3H4 319 1, Real-time
2 pL, 10 mM dNTP 2uL (dNTP mix), oligo dT primer JuL, RT-PCR2 SYBR Supermix kite} iCycler system (both from
RNase inhibitor 0.%L, 25 mM MgCh4 pL & ¥ 77 = dk-$ Bio-Rad iCycler, Bio-Rad, Hercules, CA, US&) o] &3}

ZFo| 20 UL ¥ 7] A s}o] 34 3k o) manufacturer's instructionls w2} 423 5} 91 Tt

4) PCR 6) A 7] % = (electrophoresis)

RT-PCR| A} o]zl 1uL2] cDNAS ZAAR & Z=Z A Ethidium bromide Jug/mLE& 3-f3l+= 1.5% agarose gél
ZAth PCRY AL thx9] 7| EXAE 7|22 i) 94C 10 pL 2] reaction mixtur& 7] E5}o] 29 ZALE 3

o A} 5% (initial denaturation), ii) 9€ o] 4 30%(denatura-  <Is}Ath.
tion), 58C ol /] 30% annealing), 7Z ¢l 4] 30z (extension),

i) 72°C ol A 7E(final extensionp. 2 43 5} %1 0.1, 2¢+A 4. Western blot
£ 303] wHE ZE 5l th 3 o 4F PCRARE 9] A7]4]
u} 2} extensionr] 7HS =4 &1 o) Six well plates]] 90% confluenc& o] & THP-1 4] £ &
off dAEE st MEE 3] a3t o] Al ZHAAE
5) Real-time PCR 1004L 9] lysis buffer (1% Triton X-100, 20 mM Tris-HCI (pH

9 o] 7 total RNAo| RNase-free DNase (RQ1 DNase, 7.5), 150 mM NaCl, 10% glycerol, 0.1 mM ethylenediaminete-
Promega, Madison, WI, USA # 2] 3} genomic DNAZ traacetic acid (EDTA), 10 mM sodium fluoride, 1 mM sodium
A A3 3 RNAE A 2319 t}. First-strand cDNAGHA] & orthovanadate, 1 mM phenylmethanesulfonyl fluoride (PMSF),
SuperScript First-Strand Synthesis System (Invitrogen, 3 xg/mL aprotinin, 2¢g/mL pepstatin, Jxg/mL leupepting
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A 7Fsk 3 4C o A 2087} lysisA] A t}. 13,000 rpm, & o)
A 102 F<t A sty 9 4459 < Bradford dye-
binding assay (Bio-Rad, Hercules, CA, USA)cH 2 =&

£ ZAA 354t 10% sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SDS-PAGE) gel50 pge] Tl A & 7
7193 %3}, semidry blotteE ©] &3} nitrocellulose mem-
brane (Schleicher & Schuell, Keene, NH, USR] = A 7]
o 22 v 5ol A AYE Fo17] Astd, Wz 5
gl o 2 wea7) 1, 747ke] Bo] A9l 329l ERK,
JNK, p38 MAPK% phospho-ERK, JNK, p38 MAP& A}&
sted Wb A 7t} Z+zbe] vk " &2 HRP-conjugated anti-
rabbit 1gG (1:4,000%. 2 & #] 5}9 t}. Membranes- ¥H-&-A}
o] o 0.05% Tween 20] 35 ¥ Tris-buffered saline (10 mM
Tris, 150 mM NaClp. 2 A & 5} 1t} Chemiluminescencd
°k2 LAS-3000 SYSTEM (Fuji Photo Film, Fuji, JapahlE
=7ttt

5. Promoter constructs M| =

THP-1 & 3 o) 5 DNeasy Tissue Kit (Qiagen, GmhH,

Germantown, MD, USA%E ©|£3}o human genomic DNA
£ E 23519 th Genomic DNAE H 8 £4 f4AE PCR
2 ZZ359 3 £=3 fragment= TA-vectorZ clonings} $3
t}. TLR-5¢] Promoter regionl| A = 7] 7} & promoter
regiond 2 33l A& AE ol &3 luciferase reporter
vectorgl pGL3 basic vectai] cloning 5} ¢4 t}. Construce] A
Ztof| A}-2-% primer sequencde thg 3} 7t}
hTLR-5PF1: 5-CCGGTACCGTCTGGAAGGCTCCTCTCT-3;;
hTLR-5PF2: 5'-CCGGTACCACTGTGGCTCCCAGCTCTT-3
hTLR-5PF3 : 5-CCGGTACCCCAGCTCCCAAACATAT-3;
hTLR-5PF4: 5-CCGGTACCACTGTGGAAGTCTGCAGAG-3;
hTLR-5PR: 5-CCAAGCTTGGCTCCTCCCGGACGCAAAA-3..
TLR-5 -7 #}¢] 5'-H] A} promoteryd & W] A AQIA 2
3}od o & GenomeNet (http://motif.genome.j@) sequence
motif search progrard o] & 3}o] 43514

6. Transient transfectionZ} Iuciferase assay

Plasmid DNA= QIlAprep Spin Miniprep Kit (Qiagen,
GmhH, Germantown, MD, German) o] &3} 4|35} %
t}. 24 well platel] RAW264.7 4] £ & 60-70% confluence:
Al v %3k}, Plasmid DNA 0.8«g=} Lipofectamine 2000
(Invitrogen, CA, USA) 2uL & Z+7} Opti-MEM (GIBCO, NY,
USA) 50 Lo 3 sct. 12 34 d DNAS
Lipofectamine 200& =33t 5], A2 o] 4] 30% uF-SA1 7]
o} Al E7} v ¢k H plates= serum-free mediu 2 A o]
3 Opti-MEM 4004L & Yol &, S48 £ & A2
BolEth 37C, 6417 vl 5, vi A & A A 5} 3L 10% FBS
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Fig. 1. Effect of all-trans retinoic acid on the expression of Toll-like receptors in THP-1 cells. A. THP-1 cells were stimulated
with a 10® M concentration of RA for 24 hours. Total RNAs were isolated from the cells and analyzed for human TLR mRNA
expression by RT-PCR. B. Gene expression of human TLR-5 was analyzed at the same condition by real-time PCR.

(DMSO: dimethyl sulfoxide only, RA: retinoic acid, TLR: Toll-like receptor, GAPDH: glyceraldehyde 3 phosphate dehydroge-
nase, THP: human monocytic leukemia cell line, RT-PCR: reverse transcription polymerase chain reaction)

DMSO RA DMSO RA DMSO RA DMSO RA
Molt4 = HBL-100 - =
SIS = hTLR5 GAPDH

hTLRS GAPDH

Fig. 2. Effects of all-trans retinoic acid on the expression of human TLR-5 gene on the various human cell lines. The various
human immune and cancer cell lines including Molt4, EBV-B, Raji, U937, Huh7, HepG2, SKBR3, HBL-100, Hela, 293T,
AB49, A431, Colo2071 cell were stimulated with a 10° M concentration of atRA for 24 hours. Total RNAs were isolated from
the cells and analyzed for human TLR-5 mRNA expression by RT-PCR.

(DMSO: dimethyl sulfoxide only, RA: retinoic acid, GAPDH: glyceraldehyde 3 phosphate dehydrogenase, TLR: Toll-like
receptor, RT-PCR: reverse transcription polymerase chain reaction)
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Fig. 3. All-trans retinoic acid (atRA) induces the expression
of mouse TLR-5 gene on RAW264.7 cells. A. The mouse
RAW264.7 cells were stimulated with a 10® M concentra-
tion of atRA for 24 hours. Total RNAs were isolated from
the cells and analyzed for mouse TLR-5 mRNA expression
by RT-PCR. B. Raw264.7 cells were transiently co-trans-
fected with various promoter constructs luciferase vector
such as NF-kB, CRE, AP-1, SRE, c-Jun, and c-Myc with
pRL CMV. After 6 hours of transfection, the cells were left
untreated or treated with 10 M atRA for the last 24 hours.
Relative luciferase activity was determined as described in
materials and methods. Results are represented as means
+SD of a representative experiment performed in triplicate.
(DMSO: dimethyl sulfoxide only, RA: retinoic acid, GAPDH:
glyceraldehyde 3 phosphate dehydrogenase, TLR: Toll-like
receptor, RAW: mouse leukemia monocyte macrophage
cell line, RT-PCR: reverse transcription polymerase chain
reaction, CMV: cytomegalovirus, SD: standard deviation)

Zpe] @ el NF-kB, SRE, c-Mycd A= A7) &5 &
TEELRE AL teAS BAFE

rr

4. TLR-5 &k5d0f| 2tofst= ASMECIA BN
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ArAZAERJAAL F old JAA7E A=A dotr 7] ¢ st
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TLR5 S S S NS S S —

Relative Fold of RT-PCR band density w
=
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Fig. 4. Effect of various signaling inhibitors on all-trans
retinoic acid (atRA)-induced TLR-5 expression. A. THP-1
cells were pretreated for 0.5 hour with the indicated
inhibitors and then stimulated with 10® M atRA in the pres-
ence or absence of the same inhibitor for an additional 24
hours. Total RNAs were prepared and analyzed by RT-PCR
for TLR-5 or f-actin.

(NT: no treatment, DMSO: dimethyl sulfoxide only, PDTC:
pyrrolidine dithiocarbamate (NF-kB inhibitor), SP:
SP600125 (UNK inhibitor), PD: PD98059 (extracellular sig-
nal-regulated kinase inhibitor), SB: SB203580 (p38
inhibitor), LY: LY294002 (PI3K inhibitor), AG: AG490 (JAKII
inhibitor), GAPDH: glyceraldehyde 3 phosphate dehydro-
genase, TLR: Toll-like receptor, THP: human monocytic
leukemia cell line, RT-PCR: reverse transcription poly-
merase chain reaction)

pyrrolidine dithiocarbamate (PDT@) ] 2] ol 2] &} A 7 7+ 4
= Atk (Fig. 4) o] A= TLR-5] -z} Bo] AAbx
A NF-kB7} 28t 23t Sleg HAF+ Ao
th Al £ g 8éte] ERK, INKS! p38 MAPKe] &4 & #
A 3te] Hgktl atRA= ERKE 120% o) A phosphorylation
Al Z o B 3F INKE 158 of &/] sh¥ o] 12087441 W Al &
AEAZE B4 517 95t atRA AT & o7 A7kt

o thokst 79 Ao AE A8 A (signal inhibiter: PDTC
(NF-kB inhibitor), SP: SP600125 (JNK inhibitor), PD:
PD98059 (ERK inhibitor), SB: SB203580 (p38 inhibitor), LY:
LY294002 (PI3K inhibitor), AG: AG490 (JAKII inhibitor}
A2 & atRAd o g TLR-59] &g A=,
atRAd 9la =¥ TLR-59] w3 NF-kB A & Al &1

9 & &2 ° 2 phosphorylatio: Z7}A] 7} 2.1} p38
MAPK <] 2d0] = 9 3< vl A7 ekteh(Fig. 5)ol 2
ol ] tumor necrosis factor (TNR)+} Fas ligand (Faslg} 7+
= Aol E 7RI o] 27](9F 168 )0l ERKSHINKE HU 2 &
/38t A7l el atRAE 12070 Hof €42 ol §
© o)

wHol 48 3S % 5 Uk
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Fig. 5. Effects of all-trans retinoic acid (atRA) on the activa-
tion of ERK, UNK, and p38 MAPK in THP-1 cells, THP-1
cells were serum-starved for 12 hours, stimulated with
atRA (10° M) for the indicated times, and then lysed. Cell
lysates were resolved by SDS-PAGE and then subjected to
Western blotting withan antibody against phosphorylated
ERK, JNK, and p38 MAPK. The same membrane was
stripped and reprobed with anti-ERK, anti-JNK, anti-p38
MAPK, and anti-actin antibody.

(THP: human monocytic leukemia cell line, NT: no treat-
ment, RA: retinoic acid, ERK: extracellular signal-regulated
kinase, JNK: MAPK: SDS-PAGE: )
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Fig. 6. Promoter constructs and delineation of human TLR-5
promoter region. A. THP-1 cells were transiently cotrans-
fected with various promoter constructs or empty luciferase
vector with pRL CMV to compare transfection efficiencies.
After transfection for 6 hours the cells were left untreated
or treated with 10°M atRA for the last 24 hours. Relative
luciferase activity was determined as described in materials
and methods. Results are represented as means =SD of a
representative experiment performed in triplicate.
B.Nucleotide sequence of the promoter region of human
TLR-5 gene. The 1,300 bp sequence of the 5 -flanking
region of TLR-5 is shown. The putative transcription start
site is indicated by +1 as shown mRNA sequences from
GenBank accession number NM_003268. The arrow indi-
cates the transcription start site. Underlined sequences are
possible transcription factor binding sites, as predicted by
GenomeNet.

(THP: human monocytic leukemia cell line, NT: no treat-
ment, RA: retinoic acid, TLR: Toll-like receptor, CMV:
cytomegalovirus, SD: standard deviation)
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