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ABSTRACT

GENE EXPRESSION OF HUMAN CORONARY ARTERY ENDOTHELIAL CELLS IN RESPONSE TO
PORPHYROMONAS ENDODONTALIS INVASION

Hee-Joung Kong?, Kyoung-Kyu Choi, Sang-Hyuk Park®, Jin-Yong Lee?, Gi-Woon Choi*
'Department of Conservative Dentistry, “Institute of oral biology, Division of Dentistry, Graduate of Kyung Hee University

During the last two decades, there has been an increasing interest in the impact of oral health on athero-
sclerosis and subsequent cardiovascular disease (CVD). To date, some periodontal pathogens including
Porphyromonas gingivalis (P. gingivalis) have been reported to be relevant to CVD. Porphyromonas
endodontalis (P. endodontalis), which shares approximately 87% sequence homology with P. gingivalis, is
mostly found within infected root canals. However, recent studies reveal that this pathogen also resides in
the dental plaque or periodontal pocket in patients with periodontitis. It has been shown that P. endodon-
talis invades human coronary artery endothelial cells (HCAEC) and coronary artery smooth muscle cells
(CASMC). To evaluate whether P. endodontalis can participate in the progression of atherosclerosis and
CVD, we examined the changes in transcriptional gene expression profiles of HCAEC responding to inva-
sion by P. endodontalis in this study.

The following results were obtained.

1. Porphyromonas endodontalis was invasive of HCAEC.

2. According to the microarray analysis, there were 625 genes upregulated more than two—folds, while

there were 154 genes downregulated by half.

3. Upregulated genes were relevant to inflammatory cytokines, apoptosis, coagulation and immune

response. Enhanced expression of MMP-1 was also noticeable.

4. The transcription profiles of the 10 selected genes examined by real-time PCR agreed well with those

observed in the microarray analysis.

Thus, these results show that P. endodontalis presents the potential to trigger and augment atheroscle-
rosis leading to CVD. (J Kor Acad Cons Dent 34(5):537-550, 2009)

Key words: Porphyromonas endodontalis, Atherosclerosis, Cardiovascular disease (CVD), Invasion,
Human coronary artery endothelial cells (HCAEC), Gene expression
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actinomycetemcomitans, Bacteroides forsythus,
Prevotella intermedia, Porphyromonas gingivalis(°]3}
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1. ME?E U b

02

A8FF 2= Porphyromonas endodontalis(ATCC
35406)5 AH&-3F3aL, WA= Tryptic Soy broth(TS <
AliA]; Difco laboratories, Livonia, MI, USA)dl| 1.5%
agar, 5% FAE T, hemin(5pg/ml), vitamin K1(0.2
pg/ml)= A7k TS $Hdujz| 9} Brain Heart Infusion

Porphyromonas endodontalisS| Zl=0f FE EHE LYTIMES] REHA} &bsd

broth(18.5mg/ml: BHI 9|4 =]: Difco laboratories)®l
yeast extract(5mg/ml), hemin(5¢g/ml), vitamin
K1(0.2#g/ml)< 7}5} half-strength BHI 9A|j#] =
o] &ttt AATFE wiAd HES & F7 wil
(85% N2, 10%H:, 5%CO:; Isotemp, Fisher Scientific,
Pittsburgh, PA, USA)<l|4 37CE vl eFatsitt.

2. TS LI M3 Hlf

AEE 3 Ay #3EH WA E(human coro-
nary artery endothelial cell; Clonetics®, CC-2585,
Walkersville, MD, USA)& AH&-3t5itt. oAl £9] 52
7 AgE 98 712 wiAQl Endothelial Cell Basal
Medium-2(Clonetics®, CC-3156)° A|Z=ALe] A Al w
2} hEGF 0.5ml, hydrocortisone 0.2ml, GA-1000
0.5ml, FBS 25ml, VEGF 0.5ml, hFGF-B 2ml, R3-
IGF-1 0.5ml, ascorbic acid 0.5ml 5°| ¥EgHd A3zt
£ (Clonetics®, CC-3202)% #7lste] AE-3itt. 2
o o] &H #FEW YIMEE 4N E FA ¥EF A
St5laL, 5% CO. shell A 37C = skl

3. LHu| M|z L M7 &l T A

ni

77t Ws™ oA X M Fele S dEst
antibiotic protection assay“‘ ' Al o
3 W AEZ CC-2585% 24-well platec] AFsta, A
A-g-lo] 718 Endothelial Cell Basal Medium-2
ImlA A7k & ujefetitt. WalAl27F F4 st Al
F E338 (confluence) ol ©]2xS W] PBS(pH 7.2) &
A8k Zt wellell 71+ wiA] 90044 & 733t A3

= BHI dAlA] oA t452]7] (log phage) =
g F 712 MAR Ay dF FEE 3=
0.1(600nm) 2 =43ttt &9 10048 1.0x107)
£ YIAE CC-25857F & & welldl ¥ 6052 90
5 Fot mjdstaitt. 4 welle] CC-25855 718 vjx] 2 A
A3 v, 100#g] metronidazole(Sigma Chemicals,
St. Louis, MO, USA)e] 71 71 A S 144 thA]
7t wellell #8kar 1A3F F<k F7h= v okate] CC-2585
FH Zolde A8dFE AFEAZ T PBS(pH 7.2)E
CC-2585% AIgstaL 7t welldl B5HFTE 148 &5

3 o, 308 & A (vortex)dte] UISA2E 431417

d Lo
O Qb % mx

Bl o

=

WAl Wl A5t A (metronidazole) 2] 3k
S x| &3 BEE P, endodontalis?’} E8E I AE
£39 (lysate) = 1:102.2 &A 84 ob_ TS SR &

q

ol 1004% Wojred] % =8g F 37TlA 4~5

539



LHBHIX| BHEZES}S| ] Vol 34, No. 6, 2009

A7t Fr1H ez wigesint. Mg 5 Uehd P. endodon-
talis 7 JgTE Aol AT, S CC-25859l 73
AT FE5 Atsint.

4. Total RNA =&

WIAE W AFAF LG FAG Yoz AYRF
o WIAEE Fleldth T 1004(3F5 1.0%100)
2 WIAE CO-25857F Qe 2t welldll W3 90% B3t
W 5, Agele] WA Te) AR 8 ARRFE

A AsAT. RNeasy Mini Kit(Qiagen, Valencia, CA,
USA)E ol &allA AxAre] AAle] whe} W o] Al ZelA
total RNAE F&3t] d@T o2 siglth A8FF= A
234 42 WIAHES total RNAE FZE3te] djZ2wo
Z 9t %% RNAY BHE Felstr] sl
NanoDrop ND-1000(NanoDrop Technologies,
Wilmington, DE, USA)¥ Agilent bioanalyzer
2100(Agilnet technologies, Santa Clara, CA, USA) %
= 4%, 48 B,

5. cDNA microarray

1) Fluorescent DNA probe2] A12+#} hybridization

Total RNA ¥%& S3A17 &, 247te] #E(30m)<
o A A& &< SuperScrip [ (Invitrogen Life
Technologies, Carlsbad, CA, USA)E o]&3le] IHA}
Al711, Cyanine3-dCTP(Cy3, green)®t Cyanineb-
dCTP(Cyb, red)(Amersharm Biosciences Corporation,
Piscataway, NJ, USA)Z 37| (labeling) & 3}%it}. ¥4
¥ DNA £355 deE AdAPS ol &std FFA17
. Cy39 CybZ EAH cDNAE 3049 hybridization
solution(GenoCheck, Ansan, Gyeonggi-do, Korea)ell
THA] B-5AI7 T cDNAE €339 &, OpArray Human
genome 35K(OPHSV4, Operon Biotechnologies
GmbH, Huntsville, AL, USA) 9l &3 MAUI FL
chamber(BioMicro systems, Inc. Salt Lake City, UT,
USA)Z 9t MAUI system(BioMicro systems,
Inc.)= o &3te] Eeol=F 62TolA 1242 &<
hybridizationd}it}. Hybridization® &ghe] =& A 20
A1 2 x SSC, 0.1% SDS& 2%-7F FAlgtal 1X SSCE 3
B A S v g e g 0.2 X SCCE 283t A8
o} 3,000 rpme.2 YAalEelstar 2023 A=A T

2) Microarray A& £

Hybridization® &2to]=+ GenePix 4000B scan-
ner(Axon Instruments, Sunnyvale, CA, USA)E o] &
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&to] scanningdtd 2™, scan® ©|"|AE GenePix Pro
5.1(Axon Instruments)¥ GeneSpring GX 7.3.1
(Sillicon Genetics, Redwood City, CA, USA)Z 413}
Aok dojzl Az 0FE Folu FEEE Eo]7]
AA £8P (Global normalization method, GN)Z}
LOWESS #3HLOWESS normalization) & ©]-8-3 %
T 71% T3 (Intensity dependent normalization
method), &&ol= W] print-tip 3 (Within
print-tip normalization method) & °]&3l] ARE
< %933t GeneSpring GX 7.3.1 Z2 S AL
ato] A (similarity) & 2 AREE T4 (clus-
ter analysis) 3} T},

Microarray &4Z2 34 P. endodontalis 2% %
o] =T ET} 28) o] TVt EE 1/2 o] at= 7HAd
ArEs sl on, 44 #HE 18y, A
73 Al A= A ERRET Aol Sl RS A
ato] EA 8T

o }.)
o,
18l do

6. AAZE ZetEAIMEEE (Real-Time Polymerase
Chain Reaction)

Microarray 22+He 918171 94l real-time PCRE Al
ottt F3AsS, 1Y, A4 B FAA
T Aolx T 74A] o] el At A 10709 FAE
Adsto] o5 fridzke] Sof A7IM<Ed AR primers
A2 3 real-time PCRE Al 885t

1) cDNA &4

Power ¢cDNA Synthesis Kit(iNtRON Biotechnology,
Seongnam, Gyeonggi-do, Korea)E& ©]-&3to] total
RNA 1#g2 2 ¢DNA 2045 @43k, ©|3& real-
time PCR2] 59 (template) -2 AF&-3}%i T}

2) Primer A2} 2 21

Primer?] tz}91& PCR product 2°]E 70~200bp
(base pair), TmS 58~60C= 3} Primer Express®
software(Applied Biosystems, Foster City, CA, USA)
g o] gato] A ZeHtH(Table 1). Y5917 primerd]
genome 2.9 oFE EI3l7] 4l 13% acrylamide gel
= AR A7 E S AldER T

3) Real-Time PCR

THE cDNA9} primer, 2X SYBR Green | master
mix(Applied Biosystems)E °]-&3ste] Adstct. 95¢C
oA 3027+ ¥4 (denaturation) g &, 60°CoNA 30%7t
A3 (annealing)3ta 72CA 3027t 217 (extension)



Table 1. Primers and product sizes for RT-PCR analysis®

Porphyromonas endodontalisS| Zl=0f FE EHE LYTIMES] REHA} &bsd

Gene Primer Sequence Product size (bp)

MMP1 Forward 5, -TGG ATC CAG GTT ATC CCA AA—S’ 183
Reverse 5 -TCC TGC AGT TGA ACC AGC TA-3

PTX3 Forward 5 -GTG GGT GGA GAG GAG AAC AA-3 16
Reverse 5 -AAT CTG CAG GAT TCC TCC CT-3

CAV] Forward 5’ -TTT CCC TGC CTC TCA TCA AC-3 ‘ 104
Reverse 5 -CCG GTG ATG GAT TAG TTT GG-3

EDN1 Forward 5 -AGC CCT AGG TCC AAG AGA GC-3 84
Reverse 5 -TTG GCT AGC ACA TTG GCA T-3

BAX Forward 5 -TTT GCT TCA GGG TTT CAT CC-3 111
Reverse 5 -CAC TCG CTC AGC TTC TTG GT-3

HIMGB1 Forward 5, -CTG TCC ATT GGT GAT GTT GC—B, 179
Reverse 5 -TCA GCC TTG ACA ACT CCC TT-3

CONDI1 Forward 5' -ACG GCG TTG TAC CTG TAG GA—S’ 176
Reverse 5 -TGT GAG CTG GCT TCA TTG AG-3

CDAO Forward 5 -GGC TTC TTC TCC AAT GTG TCA-3 78
Reverse 5 -CAC AAC CAG GTC TTT GGT CTC-3

MYC Forward 5 -CCA CAG CAA ACC TCC TCA CAG-3 105
Reverse 5 -GCA GGA TAG TCC TTC CGA GTG-3

NFKBIA Forward 5, -TGT GCT TCG AGT GAC TGA CC*?)‘ 77
Reverse 5 -CCC ACA TCA CTG AAC GCT TA-3

“The full names of the genes and their UniGene IDs are given in Table 3.

e 4 & 403] BHESFTE PCR ¥He-& 918 8-4(204)
< 0.549] template, 0.84<] primer(forward +reverse,
10pma/m), 1042] 2X SYBR Green I mixture(Applied
Biosystems) % 8.74¢] S®#T= 7/3%%3L, ABI 7900
HT(Applied Biosystems) ‘34| real-time PCR& A1)
=

Real-time PCR ZZ}+= relative standard curve
methodE ©]-&-3t A8t House keeping gene?!
GAPDHS} 2] cDNAE 7|2 F3POo& sl 217} 1,
1/2, 1/4, 1/8, 1/162 3|43}t standard curved £2
A, o] & o] &3liA Azl T3 WoldlA] 7]Qls}
TE S RT3 &3 GAPDHE 71Fo2 7
Az e fFEaAUen, g ddYdS 7%
2 Ag7e] A A HE A=t Real-time PCR
g 39 HhESle] ks AEetla, REAAE

QA9 YERRIT,

[o o rir my

7. M= AMEHE A2 24(Cell Signaling Pathway
Analysis)

Microarrayell A thzw3t vmste] @ao] Z7kgk f4

A 3 AEBAET BAY fAAED o0 dnd
KEGG(Kyoto Encyclopedia of Genes and Genomes)
pathway¢te] ol o7& #7lsh7] 9l&ll, GenPlex™
V3.0 software program(Istech, Seoul, Korea) < A}-&-3}
o] p-value® A&,

MA

I &edd

ot

1. P. endodontalis2| &at=H LI M| ElF

P. endodontalis(ATCC 35406)& Age] e U
A x| AFsFHTHTable 2). - FAIZ ol wheh A F&
Aol & B=dl, AFAITt] 6 A F&o
0.00984%°191, 90%< woll= 0.017%Z 605 WE
o S7HT

2. cDNA microarray
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Table 2. Invasion of human coronary artery endothelial cells by P. endodontalis strains

Invasion time No.(Xx10") of bacteria added® No.(X10?) of bacteria invading £ S.D.(%)"

60 min 1.25 1.23 £ 0.471 (0.00984 % 0.00377)
90 min 1.25 2.13 £ 0.047 (0.017 % 0.000376)

‘Defined as the actual number of viable cells of P. endodontalis inoculum as determined by plating method. Bacterial
cell suspension was adjusted to optical density of 0.1 at 600nm and 1004 of the suspension was added to each well
(1ml) of a 24-well plate.

"Defined as the number and percentage of P. endodontalis cells protected from metronidazole Kkilling, which represents

invading bacterial cells, after the infection period. Values are means (+ standard deviation) of triplicate.

Table 3. Upregulated genes relevant to CVD including atherosclerosis

(The genes expressed more than two—folds are listed in this table.)

UniGene ID Gene Symbol Description Intensity
Hs.83169 MMP1 matrix metallopeptidase 1 (interstitial collagenase) 58.3479
Hs.567326 PTX3 pentraxin-related gene, rapidly induced by IL.-1 beta 6.2994
Hs.789 CXCL1 chemokine (C-X-C motif) ligand 1 5.6684
Hs.559623 CXCLS8 Interleukin-8 4.8338
Hs.74034 CAV1 caveolin 1 (caveolae protein) 3.3944
Hs.513457 AR interleukin 4 receptor 3.0991
Hs.511899 EDN1 endothelin 1 3.0499
Hs.3280 CASP6 caspase 6 (apoptosis-related cysteine peptidase) 3.0241
Hs.164226 THBS1 thrombospondin 1 2.8585
Hs.489615 PBEF1 Pre-B—cell colony enhancing factor 1 2.8566
Hs.189329 SMURF1 SMAD specific E3 ubiquitin protein ligase 1 2.7086
Hs.159428 BAX BCL2-associated X protein 2.6950
Hs.434102 HMGB1 high-mobility group box 1 2.6509
Hs.75862 SMAD4 SMAD, mothers against DPP homolog 4 (Drosophila) 2.4744
Hs.516966 BCL2L1 BCL2-like 1 2.4527
Hs.244723 CCNE1 cyclin E1 2.4184
Hs.523852 CCND1 cyclin D1 2.4112
Hs.306343 TNFAIPSL3 tumor necrosis factor, alpha-induced protein 8-like 3 2.3764
Hs.472860 CD40 CD40 antigen (TNF receptor superfamily member 5) 2.2558
Hs.533977 TXNIP thioredoxin interacting protein 2.2123
Hs.498727 DHCR24 24-dehydrocholesterol reductase 2.1841
Hs.202453 MYC v-myc myelocytomatosis viral oncogene homolog (avian) 2.1578
Hs.521456 TNFRSF10B tumor necrosis factor receptor superfamily, member 10b 2.0932
Hs.435765 ENPEP glutamyl aminopeptidase (aminopeptidase A) 2.0802
Hs.440848 VWF von Willebrand factor 2.0565
Hs.333418 FXYD5 FXYD domain containing ion transport regulator 5 2.0494
Hs.495138 MAPKAP1 mitogen-activated protein kinase associated protein 1 2.0436
Hs.520028 HSPATA heat shock 70kDa protein 1A 2.0324
Hs.527653 CD55 decay accelerating factor for complement 2.0316
Hs.445351 LGALS1 lectin, galactoside-binding, soluble, 1 (galectin 1) 2.0292
Hs 81328 NFKBIA NF-kB inhibitor alpha, nuclear factor of kappa light polypeptide 20181

gene enhancer in B-cells inhibitor alpha
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ATt 2v) o) 7t Ak
o ASAA T Agads) B
13{ G

WA —raﬂﬁ 2l MMP-19] #&o] 71 A vet

Wi, PTX3, IL4R, CXCL1, CXCL8%} #Z2& A4
cytoklneJJr 1 84 9 chemokined] #&o] AA F7}
St T3 Al ZAE A apoptosis) ol #odstE CASP6,
BAX, BCL2L1, MYC, TNFRSF10B, NFKBIA &< &
A% =7 Uebdtt. Transforming growth factor-8
(TGF-$)e] AIX Ul Azdg wi/fAA SMAD4}
SMURF1, AXF7](cell cycle) 28UA<QI CCND1#}
CCNE1%= o] &7}, 1 9lo|= THBSI, VWF z
g3 AAET CD40, HSPALA, CD55 5 @
H- e 8 agl 4 Yk S7HE AT

pul

Oﬂfﬂ 37385, 18
H F-AE Table 39

3. Real-Time PCR

Real-time PCR= A3 & tjzao] wdoks 7o
= /\164—7-/] A]-tﬂﬂo] 75131: /\].%s} Jq. MMP-1,
PTX3, BAX, CAV1, NFKBIA, HMGB1, EDN1,
CCND1, MYC, CD40 &% tlz=FEt} =7 Hd =
|2& microarrayol A9 29} vlwa] £ A3} 1074
A2 25 microarray 22k} H]e A2 S
= Zlo] el ATHTable 4).

(¢

lo

)27 v wste] P. endodontalis AF A Lol x}o]
£ HQl f7AEC] #H KEGG pathwaydllA o= H =
o] FFE = A=A H7sl] HEl pvalues ArEst
Aom™ Table 5} & A3 AU}

o] 2fo]E Bl F44 F, CAVL, THBSI, VWF,
CCND1 o] £3Ho] 3= focal adhesion pathway94
p-valueZt 713 S AH=E QAT S olejgh fAAEY] B
A 7= focal adhesion pathwayollA 7F 243 U
S MAE Ao YET o] go® AEF7] BA]
st M EZAPEALE B3l AEAGS JAlskE pb3 signaling
pathwayel A= THBS1, TNFRSF10B, CCNDI1,
CCNEL, BAX B°] 94 A daks nAl= Aoz v

Porphyromonas endodontalisS| Z1=0| [}E &2 LHIMZS| R&A} 2tad

Bt} Cell cycledlME SMAD4, CCND1, CCNE1 &
o] fo4 Al YeRska, SMAD4, THBSI, MYC 59
g TGF,B signaling pathwayolx % 7z} 0;(17\].——0]
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Table 4. Comparison of gene expression measured by microarray and real-time PCR

MMP-1 PTX3 BAX  CAVI NFK-BIA HMGBI EDNI CCNDlI MYC CD40
Intensity in 58.3479 6.2994 2.6950 3.3944 20181 2.6509 3.0499 24112 2.1578 2.2558
c¢DNA microarray

Intensity in 26.2913 9.6443 57074 4.0350 25568 25110 21588 2.0820 1.9585 1.7902

real-time PCR
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Table 5. Pathway analysis of the significantly upregulated genes

KEGG Pathway P-value UiGene ID (Gene Symbol)
Hs.74034 (CAV1) Hs.369920 (RAP1B)
Hs.125503 (MAPK10) Hs.439726 (LAMB2)
Hs.164226 (THBS1) Hs.440848 (VWF)
. . Hs.203717 (FN1) Hs.479747 (BCAR1)
Focal adhesion 30710 Hs.212332 (CAV2) Hs.508716 (COLAA2)
Hs.247077 (RHOA) Hs.523852 (CCND1)
Hs.252820 (PGF) Hs.603096 (CAV2)
Hs.295626 (ITGB1) Hs.643813 (ITGB1)
Hs.79101 (CCNG1) Hs.414795 (SERPINE1)
P53 signaling pathway 506%10° Hs.164226 (THBS1) Hs.521456 (TNFRSF10B)
Hs.226390 (RRM2) Hs.523852 (CCND1)
Hs.244723 (CCNE1L) Hs.631546 (BAX)
Hs. 75862 (SMAD4) Hs.460184 (MCM4)
Cell cycle 9.41%10° Hs.147433 (PCNA) Hs.492407 (YWHAZ)
Hs.244723 (CCNE1) Hs.523852 (CCND1)
Hs.350966 (PTTG1) Hs.591697 (MAD2L1)
Hs.2256 (MMPT7) Hs.467192 (PPP2R1A)
Hs.75862 (SMAD4) Hs.516297 (TCF7L1)
Wnt signaling pathway 2.91x10° Hs.125503 (MAPK10) Hs.523852 (CCND1)
Hs.202453 (MYC) Hs.591863 (FZD6)
Hs.247077 (RHOA) Hs.591953 (PLCB3)
Hs.164226 (THBS1) Hs.440848 (VWF)
ECM-receptor 5 453 10° Hs.203717 (FN1) Hs.502328 (CD44)
interaction Hs.295626 (ITGB1) Hs.508716 (COL4A2)
Hs.439726 (LAMB2) Hs.643813 (ITGB1)
TGF-p Hs. 75862 (SMAD4) Hs.247077 (RHOA)
signaling pathway 1.26x10° Hs.164226 (THBS1) Hs.463642 (RPS6KB1)
Hs.202453 (MYC) Hs.467192 (PPP2R1A)
Cell Hs.164226 (THBS1) Hs.440848 (VWF)
Communication 1.27x10° Hs.203717 (FN1) Hs.508716 (COL4A2)
Hs.439726 (LAMB2) Hs.594444 (LMNA)
Hs.280342 (PRKAR1A) Hs.521456 (TNFRSF10B)
Apoptosis 1.63x10° Hs.389452 (CASP6) Hs.631546 (BAX)
Hs.516966 (BCL2L1) Hs.632790 (IL3RA)
Hs.2128 (DUSP5) Hs.298654 (DUSP6)
MAPK 2 70%10% Hs.125503 (MAPK10) Hs.369920 (RAP1B)
signaling pathway Hs.202453 (MYC) Hs.435811 (ARRB2)
Hs.274402 (HSPA1B) Hs.524430 (NR4A1)
Hs.624 (CXCLS8) Hs.513457 (IL4R)
Cytokine-cytokine Hs.789 (CXCL1) Hs.521456 (TNFRSF10B)
receptor interaction 6.06x10" Hs.1116 (LTBR) Hs.551925 (CXCL8)
Hs.443948 (CXCL8) Hs.561078 (CXCLS&)
Hs.472860 (CD40) Hs.632790 (IL3RA)
PPAR 962 10" Hs.83169 (MMP1) Hs.406678 (ACSL1)
signaling pathway Hs.388034 (RXRB) Hs.476365 (SCP2)
JAK-STAT Hs.202453 (MYC) Hs.523852 (CCND1)
signaling pathway 0.002126 Hs.513457 (IL4R) Hs.632790 (IL3RA)
Hs.516966 (BCL2L1)
Toll-like receptor Hs.624 (CXCL8) Hs.472860 (CD40)
0.020656 Hs.125503 (MAPK10) Hs.551925 (CXCL8)

signaling pathway

Hs.443948 (CXCL8)

Hs.561078 (CXCLS)
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