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Enhancement of HIV-1 replication by CD4™ T lymphocytes in peripheral

blood of syphilis patients and its potential molecular mechanisms

ZHANG Chun', KE Wujian®, JIANG Yinbo>, TANG Shizxing' (1. Department of E pidemio-
logy, School of Public Health , Southern Medical University, Guangzhou 510515, China;
2. Dermatology Hospital of Southern Medical University » Guangzhou 510091, China)

[Abstract] Objective To study the effect of peripheral blood CD4" T lymphocytes of syphilis patients on human
immunodeficiency virus type 1 (HIV-1) infection and replication, and explore the molecular mechanism of Trepone-
ma pallidum (TP) in facilitating HIV-1 replication. Methods Peripheral blood mononuclear cells (PBMCs) were
isolated from syphilis patients and TP-uninfected healthy blood donors, then infected with HIV-1 in vitro. HIV-1
replication level was studied. PBMCs of healthy persons were stimulated with TP and then infected with HIV-1.
CD4" T lymphocytes were isolated using flow cytometry, and changes in host gene expression profiles were verified
using messenger RNA (mRNA) high-throughput sequencing and real-time fluorescence quantitative polymerase
chain reaction (RT-qPCR) methods. Results CD4" T lymphocytes from TP-infected persons and TP-stimulated
CD4" T lymphocytes from healthy persons could significantly enhance HIV-1 infection and viral replication levels.
The HIV-1 p24 content in the supernatant of cultured cells and intracellular HIV-1 DNA copy number were both
higher than those in the control group (both P<C0.05). There were significant differences in the mRNA gene ex-
pression profiles between the TP stimulation combined with HIV-1 infection group and the HIV-1 infection alone
group. Among them, the expression levels of chemokines CXCL5 and CXCLS8 were significantly upregulated in the

TP stimulation combined with HIV-1 infection group, indicating that chemokines might play an important role in the
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enhancement of HIV-1 infection and replication by TP. Conclusion TP infection can significantly enhance the sus-

ceptibility of peripheral blood CD4" T lymphocytes to HIV-1 and promote virus replication, providing new scientific

evidences for TP infection promoting HIV-1 infection.

[Key words| Treponema pllidum; HIV-1; infection; CXCL5; CXCLS8
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B3 . DMEM Wi in 10 % 16 40 ik 1 % 5 % £ 5%
BRI 7S R A4 20 IR AL AR 3%
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W, (8 Y &2 8 (multiplicity of infection, MOI) =
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SRR BRI

1.3.11 RNARBR L0 %L 2 &R A SRR
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A b s RNAL IF 25 DNA 75 4%, B 500 ng &
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SRR, LA 2 pl cDNA FEA BN, ITA 10 pL
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® 1 TP AMA I HIV-1 B ALHET 10 62 23 I8 mRNA
B4 Ky 51
Table 1 Primers and sequences for the top 10 significantly

up-regulated mRNA for TP stimulation combined

with HIV-1 infection group

5144 Bk IFH(G5 -3
KRT72-F TGTACCAGACCAAGTGTGCC
KRT72-R GGCGATCTCCATATCCAGGG
GSTM1-F GCAGGAAACAAGGGCTTGGA
GSTM1-R GAGAACACAGGTCTTGGGAGG
VWE-F TTTTGCCAGGGACCCTTTGT
VWE-R TTGCCATTCTGGAAGTCCCC
RPS28-F CAGGGTCACCAAGGTCCTG
RPS28-R ATGATGGATCGGCTCGTGTC
CXCLS8-F TCTCTTGGCAGCCTTCCTGATT
CXCL8-R TGGGGTGGAAAGGTTTGGAGTA
CXCL5-F CAGACCACGCAAGGAGTTCA
CXCL5-R CTTCCACCTTGGAGCACTGT
KRT1-F TCCGAAGGAGAGTGGACCAA
KRT1-R AATCCTCCACCATGTCCTGC
SERF1A-F AATCAACGAGAACTTGCCCG
SERF1A-R AGCTGCCTTCTGCTTTTCTTG
DGR6-F GGCTTCTACGTGACCACCAA
DGR6-R CTTTCTGGTCACACTGGGCA
MAP7D2-F CGGGAGGACCAAAAGAGAGC
MAP7D2-R GGGCCAAGAGGAGCATCAT

1.4 %itad N SPSS 27. 0 G it 2# ik ke 17
B 53 Bt 21 1A) 22 S5 SR P 2 (6] ¢ A 6 L JC X R AR ¢
o 5 o W GraphPad Prism 7 & & 3 871 3 4>l 373k
B EE . it RNA-Seq #0422k B W R & & ik

2 H#R

2.1 TP ##% CD4" T #k & 2 st HIV-1 5 &t
a e 3 BT R E R 3 44 (R A SRR i
Sy 851 PBMCs I HIV-1, 4550 BoR . 8 R
2 g BRI B CD4 " T bk I 40 ffd v HIV-1 p24
BRI 40 o5 B 23500 R 11.80%6.5. 77 %, 22 S A Gi it
N (= —3.833,P<<0. 05,8 1A 1B), ¥ 10
& R I & (1 PBMCs 1R 21 )5 20 il 2 41, — 4L fifi
TP fil% 3 d. o5 — 4 ok TP fl X i, 3 d
JE ¥R HIV-1, 5R5 TP fili Ay CD4™ T ki

A JfLAE L, 52 TP 4l HIV-1 p24 [HPE CD4™ T
I O 40 L % T 5 (5. 29% VS 3. 67 % . 1/ 10) 4
TP 82 2 CD4” T k& 4t g xF HIV-1 & 1y
Dy &NE . M W . 2 TP RIS R TP il
BCDA™ T ik 4 HIV-1 p24 (1 ODison B 53 51
F70.991.1.786, HIV-1 p24 ¥k i 2 5 B A G it
Y (= -5212,P<0.05, & 1D), [6 K, 5 84
HIV-1 J&4 ) PBMCs 1 tb . TP $3#% 5 PBMCs
HIV-1 DNA # D10 38 i, TP il 35 A s
HIV-1 DNA $% U104 51y 248, 59 X 10° 181, 46 X
10°(r= —3.749,P<<0. 01, ® 1E), 4R FEW ., M5
B EE TP G 40 A i CD4" T bk B2 40 A Xt
HIV-1 1 5 Btk 3 m . 3363 HIV-1 78 PBMCs
52 1l

2.2 TP #l# 45 HIV-1 B % CD4" T #h & i
AR B RS (EERER A CD4” T ik E 48 il
22 TP J A HIV-1 B 5, $2 LS RNA i F
mRNA W7, JF 5 g gy HIV-1 1) CD4" T i 2
4 e (I 2A) . 255 BoR, TP il & 9 HIV-1
S e 40 0 B FHTV-1 R 40 M PR 43 B 318,406
AFEF ) mRNA _FE (& 2B) , 4L 4 g i) 3L 4 15
A BB (B 20) . #esh, TP JlEA IF HIV-1 &
Y2 H R0 R 2 HIV-1 8 e 20 Jd b 43 53 A 347,679
AF P mRNA R (& 2B, A5 106 A~ 34 T
mRNA [ (E 2D), TP 3 S350 by HE
T MM S5 E HIV-D 58 vk 0 2 1,
RPS28,SLC7AS8,CXCLS il CXCLY,

15 A7y b 3 b, SLC7AS 3 R iy 2 3k
TRV 2 40 B R) 22 S W R, S gl HIV-1 g
MIAR LG, TP fill 4 JF HIV-1 &G )5 . SLCTAS Sk
B K Fh i 4 45 (B 3.3 2) . #E 106 A A 1)
TR LA R, 29 A KR TR Y 2R 3K K P 7R W 4 [R) A7 TR 22
S, A5 TAP1, ITPRIPL2, SOCS3, CISH, DAPKI1,
LAMP3 ,PLA2G4C,IFIT3,CCL22, MPEG1 %, 1
1 PLA2G4C . MPEG1 1 IFIT3 3 78 TP 3l &
JF HIV-1 e 4 i b I TE S W] 4
2.3 TP a4 HIV-1 & Z CD4™ T H & 2 e
KL AR GO f2 KEGG 5 £ 44 RHH GO IE
B KEGG 230t TP Jil& JF HIV-1 B 330k
ik EMEEE , E S Z X R LA B R A2 AR
Az Ak A LS 0 M R — 20 R Az AR VR
9 5 AR 155 20 B R B A e DR 2 MR AR L Ak
PR 538 1 LA B 57 280 3t bR s 2 SR e (COVID-
19) A 56 1Y 38 PR 45 (& 4A) . M. Bl HIV-1 i
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T ALB S M B 8 3 A BREBR L& 43 25 9 PBMCs 40 g HIV-1 &34 )5 HIV-1 p24 [ CD4* T kB 4 o5 1 ; C.DLE
3500 gt BRETR IfL & PBMCs 41 a7E TP 30 38 R0 26 3003805 P HIV-1, HIV-1 p24 FHYERY CD4* T kB 40 5 b 85 52 40 e
WP HIV-1 p24 &8 41N HIV-1 DNA $# 015, = R P<<0.05, » <0.01,

1 MyFE B E 5 TP S 1 PBMCs X HIV-1 uﬁ%“ﬂﬁnaﬁﬂm\%

Figure 1  Susceptibility to HIV-1 and HIV-1 replication levels of PBMCs from syphilis patients or with TP-stimulation

- ABL.C il TP fIBA IF HIV-1 e 58k HIV-1 e CD4™ T ik LU A0 mRNA S8R 2 5% 38 Kl & L 22 54
235 KL DR B i R 22 S VR RE I L £
2 TP A HIV-1 @45 CD4 " T ik B 40 i 4k B 33k

Figure 2 Gene expression in CD4" T cells regulated by TP stimulation and HIV-1 infection
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TP fl#F & HIV-1 e 5 ol HIV-1 @& CD4" T it B 40 i 0 o0 6 A 56 P 3R 1k K F- e A

Figure 3 Comparison of expression levels of partial common genes in CD4" T lymphocytes between TP stimulation combined

with HIV-1 infection group and HIV-1 infection alone group

£2 ol HIV-1 & Ye sk TP f 3 A JF HIV-1 B 1Y
CD4" T ik EL 40 g i A JE ] mRNA 2% 57 3238 K-

Table 2 Differential mRNA expression levels of common
genes in CD4" T lymphocytes from HIV-1 infec-
tion alone group and TP stimulation combined

with HIV-1 infection group

JEH HIV-14{  TP-HIV-1 4 R b B X R 4
SLLC7A8 1.27 6. 08 0. 44
TAP1 69. 97 153.22 324.76
SOCS3 7.83 15.10 59,93
CISH 6.70 29,27 86. 12
DAPKI1 0. 36 1. 81 4, 00
LAMP3 2,67 8.18 34,39
PLA2G4C 1. 68 0. 67 5.08
IFIT3 19. 18 8. 82 43. 48
MPEGI1 0. 81 0. 40 2. 30
SLAMF7 5.29 12. 43 26. 99
GATA2 1.15 3.52 7.32
LIF 1.08 3.15 9.58
GPNMB 0. 65 3.78 10. 14
FSCN1 5.21 11.87 101. 88
1FI30 9.47 32.50 84. 03
TYMP 3.55 17. 07 84.30
CCL22 4. 44 29,32 110. 70

Y5 235 R SE R R B 5 SR A HE R
AN AU e KT 5 SR VI NI E = & R LR Gl IR N 373
s FZE DL 5 A DG I AE i AR (I8 4A) . T TP
F A HIV-1 JE e 20 il A s gl HIV-1 8% 2% 40 i
hE LR % R RIBEN, KB CCL1, CCL7,
CCL17,CCL24,CXCL1,CXCL5,CXCL8, CXCL9,
CXCL10,IL1B A1 IL13 ) A A 76 B 35 22 7 (&
4B.4C), Hrf,CCL1,CCL7,CCL17,CCL24,CX-
CL1.CXCL5,CXCL8, CXCLY il CXCL10 5 4 fk
R AL R F A 5 0915 538 8% . ok 4t i Ak
ML 5 - A 2 A E A R sEEE 5 A
i ER] - % 2 L R - 32 A4 A0 ELVE R %5 TR AT fig
Hh R A0 A A0 T R AN R T A2 AR A AR
FH s TLA3 38500 40 i PR 7 B 400 Jif R 7 32 4 4 B4 FH 1Y
wAE. BRT OIL13 JER KA AE TP fil & )fF HIV-1
JEYL CD4 " Tk B2 40 it o~ 98 4b, oAt 22 5 ik 5
PR Rk A3 Bl . SRR R Hr s & W, TP
TS T AR 7 A OG5 5 3 B 0 A 7T RE 52w 15
F Xt HIV-1 [ 5 &bk

2.4 CXCL5 # CXCLS8 #& TP/HIV-1 2t & % % j
PR KRR R TP il 4 3 HIV-1 &
Yeifs G B 3 R 363K K L %F mRNA ) 5 45 5 o diy
10 N2 A EE (B 5A) 2R RT-qPCR J7 i
EUF H Rk K SF (B 5B) . 45 5 & B, [ RPS28 Al
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SERF1A 3 H 4, KRT72.GSTM1,VWEF,CXCLS,
CXCL5.KRT1 fil MAP7D2 % [A ) % 35 #a 34—k,
X ERKFEA AR, CXCL5 f1 CXCLS 7£ TP i
BAIE HIV-1 J@& e CD4™ T bk I 40 i o 1 3254 & ]
I, GO il KEGG & 4 43 #r ot & B w5 A4~

2 JISE Y SRS AN SR AT I S I RN R i 1N
Hh PR 20 i Al L 40 i DR T — AR P 2 AR AR

FH 75 3 1 5 0 DR A A Y PR 52 A AR
530 % L P s A2 TP f#es 9F HIV-1)
ZAEH .

Y R

T A N TP A I HIV-1 ERULH S 20k B i 2 K&

6 110 P 2 BBl KEGG 3 4 4 40 19 45
B4 TP R A IF HIV-1 8

FEXERL RG> 738 % BLC 20 5100 5 B IR AR 1 GO & 4l

e Rl HIV-1 8 CD4” T itk A e A JE R 19 GO fl KEGG ' 843 #r

Figure 4 GO and KEGG enrichment analysis of expressed genes in CD4" T lymphocytes from TP stimulation combined with

HIV-1 infection group and HIV-1 infection alone group

I TP JCA IF HIV-1 UL CD4™ T it B 240 L 375 i 2 40 M 5% PR 323 K F T A D mRNA 7 55 5T 10 4>

B _EREEN LB RT-gPCR J7 & $ ik i £ ik K ¥

B 5 TP RIEG I HIV-1 G CD4" T ik B 40 ik B 3k

K e #

Figure 5 Comparison of gene expression levels in CD4" T lymphocytes from TP stimulation combined with HIV-1 infection

group
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ABIF ST AR LA 7 B H BE TP RIS i 4 4 i
CD4" T ¥k U 40 B %F HIV-1 5 J8k 3 &, 9 75 76 4
P S T 5 . S SR A e B A R T T IR AR
(R IR B A& i CD4 ™ T 3k e 40 fe Xt HIV-1 19 %)
MR E HIV-1 52 1 19 25 8/ — B 308 STD g
JEOPR3E I 8 P 1 4N 1 PBMCs 3 R 36 35 L %2 i
HIV-1 (&1, & STD 4 #F HIV-1 8% F1 & il 1
LR Z — . HWETE W 53 F LTS 3G i E e B+
TEAN M PN ) TR KL e F HIV-1 Bl Hep,CT
YLt R CCL3L1 R Rk . m HIV-1 413
SR AR HIV-1 & 5, RAF5E R,
TP &Y 32 F#%5 T4 CXCL5 f1 CXCLS 3k
KA s HIV-1 1y 52

g2l (S R e S R 0 /< 3 O A = = A
HIV-1 &g vh i 3 B HBEMA/E M, HIVA
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