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[ Abstract ] Objective  To analyze the transcription profile of Mycobacterium tuberculosis ( Mtb ) -infected

macrophages in which the Pdll gene has been knocked out and screen PD-L1 related candidate genes in Mib—infected

1 Flox/Flox

macrophages (M®). Methods PdI1™" mice were constructed, and homozygous ( Pdl with Cre) and heterozygous

(PdI1"" with Cre) mice with targeted inactivation of the Pdl1 gene in M®s were bred by the Cre/loxP technique and
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verified by PCR and FACS. Peritoneal M®s were isolated from different substrains of mice, and those isolated from
littermate negative mice (Pdl1™™) were used as controls. Twenty-four hours after infection, the transcript profiles in the
infected and uninfected groups were sequenced by RNA-Seq, and bioinformatics analysis was performed. Results Pdl1-
specific knockout mice were successfully generated and identified by PCR and FACS. The Pdl1™ ™ with Cre, Pdl1™""
with Cre, and Pdi1™ ™™ infected groups were compared with their corresponding non-infected groups. Gene Ontology
(GO) functional enrichment analysis showed that the most significant enrichments were immune response ( P< 0.01) and
immune system processes (P< 0.01). The seventeen candidate genes identified were regarded as specific genes related to
PD-L1 in Mib infection. Through the Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis, the most
significantly enriched pathways included Toll-like receptor (P< 0.01) and nuclear factor kappa-B (NF-kB) (P< 0.01)
signaling pathways, and six candidate genes related to PD-L1 were screened. Conclusions Through transcription analysis,
seventeen genes related to the immune response, including Ccl2, (Qa5, and I[12a, and six genes in immune — and
inflammation-related metabolic pathways, including Pigs2, Cd40, and Card11, were identified as specific candidate genes
related to PD-L1 in macrophages infected with Mtb. Except for 116, all candidate genes were selected for this research.
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Figure 1 Genotype identification of macrophage-specific Pdll conditional knockout mice
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Table 1 Data output quality list in infected group and uninfected group
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PDFIL}/FI . RoRd 49542606 49083514 7.36 0.02 98. 37 95. 15 50.97
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The above stands for the negative control of B cells,
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U A ARSI 2R L T B 20 1 PD-L1 23k

and the below is the expression of PD-LI in

and the

below is the expression of PD-L1 in B cells of three sub-lineage mice. C, The above stands for the negative control of T

cells, and the below is the expression of PD-L1 in T cells of three sub-lineage mice. The blue peak represents

Pdi1""with Cre mice, the red peak indicates Pdl1"*"'* with Cre mice, and the green peak represents Pdl1ov 1%

mice. Compared with the Pdl1™ "% group

“* P < 0.001.

Figure 2 The expression levels of PD-L1 on macrophages, T cells,

and B cells were detected by flow cytometry
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Table 2 Comparison of reads and reference genomes between infected group and uninfected group

H5) AR X | X ) X ] EXTRIERE X 2E)55E  Read LLX  Read 3B¢
Reads 1 %35 SHFHILA SH/FFIME—  Reads 1 Reads % F—A4 HXBEIAR
Reads 544 % Reads ${ 1V & Reads X TSy G T A Y
Total Total Multiple Uniquely Reads map Reads map Non-splice Splice
Group « «
reads mapped mapped mapped to“+ to“— reads reads
YL PD-L1TVFlox— Cre 50943650 49816954 1645874 48171080 24085540 24085540 25118905 23052175
PD-L1MVFo*— Cre infected group (98.66%)  (3.26%) (95.4%) (47.7%) (47.7%) (49.75%) (45.65%)
JEYLLH PD-L1MY" — Cre 51143764 50478632 1615700 48862932 24431466 24431466 25301114 23561818
PD-L1"Y~ = Cre infected group (98.70%)  (3.16%) (95.54%) (47.77%) (47.77%) (49.47%) (46.07%)
J&YL] PD-1,1FlovFlox 49083514 48380238 1703298 46676940 23338470 23338470 24623811 22053129
PD-LI1VF infected group  (98.57%)  (3.47%) (95.1%) (47.55%) (47.55%) (50.17%) (44.93%)
HRIEGLA PD-L1MY o~ Cre 50701324 50028630 1636992 48391638 24195819 24195819 24798532 23593106
PD-L1MV™™— Cre uninfected group (98.67%)  (3.23%) (95.44%) (47.72%) (47.72%) (48.91%) (46.53%)
G PD-LI" = Cre 49290228 48644378 1621900 47022478 23511239 23511239 24579263 22443210
PD-L1Y~ = Cre uninfected group (98.69%)  (3.29%) (95.4%) (47.7%) (47.7%) (49.87%) (45.53%)
HRIBHL PD-11FlovFlox 41069906 40488162 1405160 39083002 19541501 19541501 20304377 18778625
PD-LIMVF* yninfected group  (98.58%)  (3.42%) (95.16%) (47.58%) (47.58%) (49.44%) (45.72%)
A B C
* DEGs(744) ‘ DEGs(811) 3001 . DEGs(510)
’ :zw‘:sazs B : 3}1452 . 3p:3321 -
_ 2001 P _ 200 i ., rdown3szl o ) , o B
Ei : B E
= = =
‘;’E 1001 255100 i’"— 1001
23 23]« i 23
4 11 4
log (fold change) log (fold change) log (fold change)

T2 APl P~ Cre JRYL 5 AR IR HAA L ; B, Pdl1 "™ -Cre JEYL L5 ARG LA L 5 C; Pdl1 ™™ Mo~ JE L 2 15 R e 20 A
oo BEARARARRIEI A IR AS v A U AL, DA bR AR T [ ek R A 22 S I G T2 W38 1 22 e Rk W Y S IR
ZLni (B FEk R (R ) R 5 22 7 R WA FE R I S 3808 .
3 ZEFHEP KN
Note, A, The Pdl1"*™ with Cre infected group compared with the uninfected group. B, The Pdl1"*¥~ with Cre infected group
compared with the uninfected group. C, The Pdl1™""*infected group compared with the uninfected group. The abscissa represents the
fold change in gene expression in different samples, and the ordinate represents the statistically significant differences in gene expression.
The significantly differentially expressed genes are represented by red dots (upregulation) and green dots ( downregulation). Genes that
were not significantly differentially expressed are indicated by blue dots.
Figure 3 Differential gene volcano map
R3 PD-L1"™"™-Cre B 2H 5 H ARG L AR LL 22 57 R IB LA GO fie 35 B A4 Hr A iy 2 101
Table 3 Most two enriched terms of GO enrichment analysis of differentially expressed genes in PD-L1""*Cre
infected group compared with its uninfected group

GO B4l E gk GO ThREfE & EAES] %GO MR R RILEFE  ZRRIAEFPHE GO HRMREEEH
GO_accession Description Term type DEG item DEG gene number
G0:0006955 GaIE S A=Wy e

Immune response Biological _process 18 380
G0:0002376 HIE R Gl T A=Wy e
Immune system process Biological _process 18 380

R4 PD-LI™ -Cre JEY 415 HORIERY AU 1122 53R KB D] GO I i 35 8 42 43 BT T 2 33
Table 4 Most two enriched terms of GO enrichment analysis of differentially expressed genes in PD-L1""-Cre
infected group compared with its uninfected group

GO Bl 4 = GO HifEfs & % GO 251 % GO MARH 2 RIBFEN AL ERFEEN A GO HRRFEREH
GO_accession Description Term type DEG item DEG gene number
G0:0006955 YR S Gs7/Fug i

immune response biological _process 28 423
G0:0002376 PR G Es7/Fuk i

immune system process biological _process 28 423
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2.7 ERFTFEEN KEGG EESTER
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encyclopedia of Genes and Genomes, KEGG) & 4£ 43
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I AR M Toll #E3Z 4K (Toll-like receptors )
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EE1W38 A TNF {55 38 % & NF-kB {5 %538 % (P<
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1.3572) \TNF ZAKM & F 3( Traf3,1. 3196) | Hij5l
J 2% — N 1 S AR W) 5 Bl 2 (Prgs2,7.7714) | Caspase
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Table 5 Most two enriched terms of GO enrichment analysis of differentially expressed genes in PD-L1""

infected group compared with its uninfected group

GO el 4 5 GO Hifefs & % GO 251 % GO MR RIBFEH AL ERREERTAH GO HRMAEREH
GO_accession Description Term type DEG item DEG gene number
G0:0006955 GRS Gsy/pus

Immune response Biological _process 20 258
G0:0002376 TIE ARG TR s/ pugs
Immune system process Biological _process 20 258

F 6 PD-L1"V" -Cre BRYA 5 HARY A 25 R FR I KEGG I b 3 & 400 i
Table 6 Most enriched pathway terms of KEGG enrichment analysis of differentially expressed genes in PD-L1""*_Cre

infected group compared with its uninfected group

I f A i I 2 I TR

ST

o . ) B AR
il REEEAR ERIEEAR AT PR
. Gene name
Term Sample number  Background number  P-value
Toll F£AZ R A55 38 I Mi2b | Map2kl | Cd40 | Nikbia | Traf3 | Tnof | Rela | Irf7
Toll-like receptor 17 101 0.00238 16 | Traf6 | Mi2a | T2 | Cxcl9 | Cel5 | Cdi4 | Sppl
signaling pathway [ T8
Relb | Cd40 | Tnfaip3 | Nfkbia | Traf3 | Tnof | Rela | Nfkb2
R 2 Lo : 2 . ire .
NF K'B {D.Jl_ﬁﬁ ’ 104 0. 00125 Trafl | Traf2 | Traf6 | Vcaml | Bire3 | Pigs2 | Maltl |
NF-k B signaling pathway Tcaml
Cxcl2 | Bel2ald | Pleg2 | Bel2ala | Cardll | Prkeb | Cd14
Eno2 | Map2kl | Hmoxl | Nos2 | Hifla | Tie | Vegfa
o | Rela
HIF-1 {554
A BB 24 110 0.00099  Pfkfb3 | FEifde | Slc2al | Egln3 | Serpinel | Pgkl | Ldha

HIF-1 signaling pathway

N6ra | Fltl | Pleg2 | Prkeb | Eifdebpl | Eglnl | Igfl | 16
| Enol
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Table 7 Most enriched pathway terms of KEGG enrichment analysis of differentially expressed genes in PD-L1""-Cre

infected group compared with its uninfected group

BE SRR BE 1230 4% 2% 57 12l P gt L4 B
7R RIRERNE ERIERAE K J; o n;me
Term Sample number  Background number P-Value
INF {5 g Mmpl4 | Mlkl | Csfl | Mmp9 | Nfkbia | Tnf | Traf3 | Cxcl3
INF sienali 0 20 112 0.000455  Cxcll | Birc3 | Ccl2 | Tcaml | Atfd | Bel3 | Cebpb | Cxcl2
Signaling pattway Ptgs2 | Cel5 | Trafl | Traf2
- Relb | Cd40 | Nfkbia | Tnf | Traf3 | Birc3 | Pigs2 | Tcaml
NF-k B {551
kB SR 17 104 0.007521  Ticam2 | Cxcl2 | Bel2ald | Bel2ala | Lat | Cardll | Trafl

NF-k B signaling pathway

Traf2 | Cdl4

R 8 PD-LI™ @Y 5 HOR IR L 22 5 R HE ) KEGG i 3 5200 #r

Table 8 Most enriched pathway terms of KEGG enrichment analysis of differentially expressed genesin PD-L

1 Flox/Flox

infected group compared with its uninfected group
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=R ;. aa e
TNF 1”@_&% 1 "2 0004458  Mmpl4 | MIkI | Mmp9 | Nfkbia ‘\ Tof | Fas | Cxcl3
TNF signaling pathway Bel3 | Cxel2 | Icaml | Cecl5 | Bire3
F-xB {551 1 fkbi Tnf fkb2 | Birc [caml L 14
NF-kB {55538 14 104 0. 000296 Relb | Nfkbia | Tnf | Nfkb2 | Birc3 | Icaml | Lat | Cd

NF-kB signaling pathway
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