PHAGOCYTES

'.) Check for updates

Comprehensive gene expression profile of LPS-stimulated human
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Monocytes play a pivotal role in various
human infectious and inflammatory dis-
eases. To reveal a whole picture of patho-
physiologic function of activated human
monocytes, this study used the serial
analysis of gene expression (SAGE) pro-
cedure in lipopolysaccharide (LPS)-stimu-
lated human monocytes. A total of 35 874
tags corresponding to more than 12 000
different transcripts were sequenced.
Comparison of gene expression profile
with that of resting monocytes revealed
the LPS-inducible gene expression pro-
file. Many cytokines and chemokines, in-
cluding interleukin (IL)-6, IL-1 e, IL-1B, tu-
mor necrosis factor (TNF)- «, macrophage
inflammatory protein (MIP)-1 B, MIP-2p,
MIP-2e, liver and activation-regulated che-

mokine (LARC), MIP-1 «, thymus and acti-
vation-regulated chemokine (TARC), mac-
rophage-derived chemokine (MDC),
regulated on activation, normal T cell
expressed and secreted (RANTES),
growth-regulated oncogene (GRO) «, and
IL-8, were observed in the highest induc-
ible transcripts. Other genes encoding
plasminogen activator inhibitor type 2
(PAI-2), Hc-gp39, apolipoproteins, malate
dehydrogenase, matrix metalloprotein-
ase-9 (MMP-9), and cyclooxygenase
(COX2) were also highly elevated in LPS-
stimulated monocytes. Moreover, up-
regulation of Nafl @, IL-7 receptor, adeno-
sine receptor A2a, and many novel genes
was newly identified. These results sug-
gest that the LPS-inducible gene prod-

ucts may be involved in cell activation
and migration, angiogenesis, tissue re-
modeling, and metabolism, and thus may
orchestrate the inflammatory reactions.
On the other hand, the expression of
numerous sets of novel genes was discov-
ered to be down-regulated on LPS stimu-
lation. This study represents the first com-
prehensive analysis of LPS-inducible
gene expression in human monocytes
and provides tremendous novel informa-
tion for the function of LPS-activated
monocytes and targets for diagnosing,
monitoring, and treating sepsis and vari-
ous human infectious and inflammatory
diseases. (Blood. 2000;96:2584-2591)
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Sepsis is now a contributing factor in more than 100 000 deaths @apression profiles under different conditions. However, thés
year in the United States and the annual incidence is nearly 300 @06thods could analyze very limited numbers of transcripts and %id
cases:? In general, the septic response occurs when an invadingt provide the quantitative information. In contrast, the sergl
microbe has circumvented the innate and acquired immune @alysis of gene expression (SAGEFis a technique that allows ag
fenses. Lipopolysaccharide (LPS, also called endotoxin), a compgPid, detailed analysis of thousands of transcripts simultaneougly.
nent of the outer membrane of gram-negative bacteria, is the mé8iS method can be used not only to characterize quantitafize

. . . N
potent and well-characterized gram-negative bacterial signal mofgformation on the abundance of known transcripts but alsozo

cule. LPS interacts with CD14 together with Toll-like receptor (Tirjdentify novel expressed genes. We have recently reported ghe
ults of the SAGE technique with human monocytes agd

molecule(s)®a receptor complex on monocytes/macrophages affef g8 . itic cets > %
neutrophils, and activates second messenger and signal transmﬁgmphag and monocyte-derived dendritic cefsin this %
udy, we performed SAGE on human blood monocytes &hd

tion pathways. These signals in turn activate transcription facto .
. . . S-stimulated monocytes to evaluate the general patterns of @ene
mainly nuclear factor (NF)xB. As a result, LPS triggers a wide . . . ) =
expression following LPS stimulation.

variety of cellular responses, including the production of cytokines
and chemokines, release of arachidonic acid metabolites,
generation of reactive oxygen and nitrogen intermediates that
responsible for the pathophysiologic reactidfi$Monocytes play
an essential role in infection and inflammation by producing thesgiification of human monocytes

mediators. Although many LPS-inducible genes have been investi-

ated. no comorehensive studv of gene expression in I_F,P§ripheral blood mononuclear cells (PBMCs) were obtained from the
9 . ’ p y 9 p venous blood drawn from 8 healthy volunteers in Tokyo Metropolitan Red
stimulated monocytes has been reported.

) o ] Cross Blood Center and were used to prepare human monocytes. PBMCs
Several methods such as subtractive hybridizatiand differ-  were isolated by centrifugation on a Ficoll-Metrizoate density gradient

ential display® have been developed to identify changes ifd=1.077 g/mL, Lymphoprep; Nycomed, Oslo, Norway) and were

and
aha

Vaterials and methods
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suspended in RPMI 1640 medium containing 10% FCS (heat-inactivatéble 1. Primers used for RT-PCR
fetal calf serum, Gibco, Gaithersburg, MD), 1Q@/mL streptomycin, and Gene Primer sequences
100 U/mL penicillin. This medium contained less than 3 pg of LPS per

. : MIP-13 Forward  5'-GAAGCTTCTGAGTTCTGCAGCC-3’
milliliter as assessed by a Limulus amebocyte lysate. PBMCs were then Reverse 5. TCOTCTCTCTCACCAGCTCACT -3/
incubated with anti-CD14 monoclonal antibody coated with microbeadgsT (AI309978) Forward 5’ CTTCCCTGAAGTCATCATCAGE - 3"
and monocytes were isolated by passing the PBMCs through a magnetic Reverse 5 TCCTTATCCAGACCCCAAAAAA- 3"
cell separation system (MACS; Miltenyi Biotec, Bergish Gladbach, Geﬁaﬂ[5 Forward 5’ AAATGGAGGAGACCGACAAGG- 3’
many) with column type VR. The total number of isolated monocytes was Reverse  5'-TAGCTGGGCATTTCACAGGGT- 3/
3 X 1CB. The highly purified monocytes were obtained after the incubatiogdenosine receptor A2a Forward 5/ - TCTOCCTCAACACCAACCTC -3/
on the plastic tissue culture plate for 30 minutes at 37°C, 5% i@Quir. Reverse 5'-GOATGGACCTCCTTCTGOA- 3!
More than 99% of the cells were judged to be monocytes by morphologyy jnqcipre protein p78  Forward  5'- CGAGATTGAGATTTCGGATGC- 3’
positive staining for CD14 (LeuM3, Becton Dickinson, San Jose, CA) in a Reverse 5’ -TATGTGTGATGAGCTCGCTCE- 3"
flow cytometric analysis, and nonspecific esterase staffig. prepare Tristetraprolin Forward  5'- CCCTGATGAATATGCCAGE -3
LPS-stimulated monocytes, the freshly isolated monocytes were incubated Reverse 5’ GGTTCATTGCCTCCOTTAAA- 3/

with 1 pg/mL of LPS Escherichia coliO55:B5, Difco, Detroit, MI) in pp Forward 5’ ATTTTGCAGGCACAAGCTGE - 3/
RPMI 1640 medium containing 10% FCS in 5% €& 37°C for 3 hours. Reverse 5'-GCOGAGTTTACACGGAAAGG- 3/
Monocytes and LPS-stimulated monocytes were prepared from 8 donorsyg.,.g P50 Forward 5’ - TTGACCTCACTTGCAGCACCT - 3"
Reverse 5'-GTACGCACTGTCTTCCTTCACCT-3'
SAGE protocol LARC Forward 5'-GTTTGCTCCTGGCTGCTTT-3’
Reverse 5'-GTCCAGTGAGGCACAAATTAGA-3’
The total RNA of the stimulated cells was isolated by direct lysis usinly-7 receptor Forward  5'-AAGCCTATCGTATGGCCCAGT-3’
RNAzol B (Cinna/Biotex Laboratories, TEL-TEST, Friendswood, TX). Reverse 5'-CTGGTACACATGAGGCCCATT-3'
Poly(A)+RNA was further isolated using the FastTrac messenger RNMCL1L Forward ~ 5'-GGGCAGGATTGTGACTCTCAT-3'
(mRNA) purification kit (Invitrogen, Carlsbad, CA) according to the Reverse  5'-GCTACTGGCCACTTTCCTGTT-3'
manufacturer’s instructions. SAGE was performed as described prefritin H Forward  5'-TACTTTCTTCACCAATCTCATGAG-3'
ously*?15 Poly(A)+RNA (2.5 ng) was converted to double-stranded Reverse 5'-CCCACGGCTATGGGGAAATTAG- 3’

complementary DNA (cDNA) with a BRL synthesis kit (GIBCO BRL,

Rockville, MD) following the manufacturer’s protocol with the inclusion of

primer biotin-3-T18-3. The cDNA was cleaved with Nlalll and the giatistical analysis

3'-terminal cDNA fragments were bound to streptoavidin-coated magnetic

beads (Dynal, Oslo, Norway). After ligation of oligonucleotides containingtatistical significance between samples was calculated as desc

recognition sites for BsmFl, the linked cDNAs were released from thireviously!®

beads by digestion with BsmFIl. The released tags were ligated to one

another, concatenated, and cloned into the Sphl site of pZero 1.0 (Invitro-

gen). Colonies were screened with polymerase chain reaction (PCR) usRéslts

M13 forward and M13 reverse primers. PCR products containing inserts of

more than 400 bp were sequenced with the TagFS Dyeterminater kit éResults from LPS-stimulated monocytes

analyzed using a 377 ABl automated sequencer (Perkin-Elmer, Branchburg, 2

NJ). All electropherograms were reanalyzed by visual inspection to cheik LPS-stimulated monocytes library, a total of 35 874 tags wete

for ambiguous base and to correct misreads. sequenced. These tags corresponded to more than 12 000 diffgrent
The SAGE procedure was performed on mRNA from human mondranscripts. The expressed genes were searched through the &en-

cytes and LPS-stimulated monocytes. Sequence files were analyzed vB#nk database to identify individual genes. Table 2 shows the§3p

the SAGE softwaré? CGAP SAGE database (http://www.ncbi.nlm.nih.gov/50 transcripts in LPS-stimulated monocytes. The most expreﬁed

SAGE/), and NCBI's sequence search tool (Advanced BLAST searcenes were identified as macrophage inflammatory protein€l

http://www.ncbi.nlm.nih.gov/BLAST/). After elimination of linker se- MIP-1a), with the expression frequency of 3.34%, followed bg,

guences and the repeated ditags, a total of 93 433 tags representing 57fg?ﬁtin L chain and ferritin H chain. Other highly expressed gengs

74 f h LPS-stimul . : : . ; :
and 35874 from human monocytes and LPS-stimulated monocyte?nsst of products associated with cytokines, chemokines, progin

respectively, were analyzed. To compare these 2 SAGE libraries, each ?y% hesis. livid boli d or hi ibili 18
number was normalized using SAGE softwidrey calculating each total synthesis, lipid metabolism, and major histocompatibility complex

tag number to 35 800. (MHC) class | and class . R

ed
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Comparison of gene expression profile between resting and
Reverse transcriptase-PCR (RT-PCR) LPS-stimulated monocytes

Total RNA (200 ng) was prepared by use of RNAzol B. The RNA wa¥Ve previously reported results of SAGE on human monocytes and
reverse-transcribed in 50L of 10 mmol/L Tris-HCI (pH 8.3), 6.5 mmol/L macrophage¥ To investigate the LPS-stimulation regulated genes
MgCl,, 50 mmol/L KCI, 10 mmol/L dithiothreitol, 1 mmol/L of each ANTP, in human monocytes, we compared the unstimuldtadd stimu

2 pmol/L random hexamer, and 2.4 . of Moloney murine leukemia |ated SAGE tag libraries after normalization of each tag number
virus reverse transcriptas‘e for 1 hour.at 42°C. cDNA, corresponding to ﬂ%ing SAGE softwar& Comparison of expression patterns re
ng of total RNA, was boiled for 3 minutes and quenched on ice befo(fealed that most genes-(20 000 transcripts) were expressed at
amplification by PCR. The conditions for PCR were as follows: in a.b0- similar levels between resting monocytes and LPS-stimulated

reaction, 0.15umol/L of each primer; 125.mol/L each of dGTP, dATP, t Fi 1. H th . fil |
dCTP, and dTTP (Toyobo, Osaka, Japan); 50 mmol/L KCI, 10 mmol/[NONOCYLeS (Figure 1). However, the expression profiles also

Tris-HCI, pH 8.3; 1.5 mmol/L MgGl and AmplyTaq (Perkin-Elmer). revealed 250 transcripts that were expressed at significantly
Primers used for RT-PCR are listed in Table 1. Reaction mixtures wefdfferent levels p < .01). Expression levels of 132 of 250 genes
incubated in a Perkin-Elmer DNA Thermal Cycler for 25 to 30 cycle¥vere c_iecrea_sed in LPS-stimulated monocytes as compz_ared with
(denaturation for 60 seconds at 94°C, annealing for 60 seconds at 58#mse in unstimulated monocytes. Conversely, 118 transcripts were
extension for 120 seconds at 72°C). overexpressed in LPS-stimulated monocytes.
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Table 3 lists the 50 most highly expressed tags in LPS-
stimulated monocytes. These LPS-induced transcripts mainly con- g, 10,0004
sist of genes encoding proteins associated with cytokines and2 1.0

chemokines including interleukin (IL)-6, ILel IL-18, tumor
necrosis factor (TNF), MIPf, MIP-23, MIP-2«, liver and

Table 2. Transcripts profile in LPS-stimulated human peripheral
blood monocytes

Abundance (%) Tag sequence GenBank match (accession number)

3.34 GCACCAAAGC MIP1a (DO0044)

1.65 CCCTGGGTTC Ferritin L chain (M11147)

1.49 TTGGGGTTTC Ferritin H chain (M97164)

0.89 TGTTTTCATA EST (AA777287)

0.89 TGGAAGCACT IL-8 (Y00787)

0.68 CAAGCATCCC No reliable matches

0.60 GATAACACAT MIP1B (J04130)

0.57 GTTCACATTA CD74, HLA-DR invariant chain p33
(X00497)

0.54 CCCATCGTCC No reliable matches

0.52 CCTGTAATCC Multiple matches

0.51 TTGGTCCTCT Ribosomal protein L41 (AF026844)

0.51 CACCTAATTG No reliable matches

0.50 TGTGTTGAGA Elongation factor 1 « subunit (M27364)

0.49 CAATTTGTGT IL-1B (K02770)

0.49 TGGCCCCAGG Apolipoprotein C-1 (NM001645)

0.47 GTTGTGGTTA -2 microglobulin (AB021288)

0.46 TAGCCCCCTG TNF (M10988)

0.42 CTAAGACTTC No reliable matches

0.42 CGACCCCACG Apolipoprotein E (M12529)

0.42 GTGAAACCCC Multiple matches

0.42 AGCCCTACAA No reliable matches

0.39 CCCGTCCGGA Ribosomal protein L13 (AA010823)

0.37 GGGCATCTCT HLA-DR « chain (V00523)

0.36 TAGGTTGTCT Translationally controlled tumor protein
(X16064)

0.36 GTGCACTGAG Multiple matches

0.36 GGCACCTCAG IL-6 (M14584)

0.34 CTGACCTGTG MHC class | (M28205)

0.34 TTGGTGAAGG Thymosin -4 (M17733)

0.33 TTCATACACC No reliable matches

0.32 CCACTGCACT Multiple matches

0.31 TGGGTGAGCC Cathepsin B (L16510)

0.31 ACCCTTGGCC No reliable matches

0.30 TGCCTGCACC Cystatin C (X05607)

0.29 CCCTTCTGTA PAI-2 (Y00630)

0.28 TAACAGCCAG MAD-3 (M69043)

0.27 TGCACGTTTT Ribosomal protein L32 (X03342)

0.27 AGGCTACGGA Multiple matches

0.27 AGGGCTTCCA Wilm’s tumor—related protein
(QM) (M64241)

0.27 GTGCGCTGAG HLA class IC (X58536)

0.26 GGATTTGGCC Multiple matches

0.26 ACTTTTTCAA Multiple matches

0.26 CACAAACGGT Ribosomal protein S27 (L19739)

0.26 GGGCTGGGGT Multiple matches

0.25 AGCACCTCCA Elongation factor 2 (211692)

0.23 CTCATAAGGA No reliable matches

0.23 CCGTCCAAGG Ribosomal protein S16 (M60854)

0.23 CCAGAACAGA Multiple matches

0.23 AAGACAGTGG Ribosomal protein L37a (L06499)

0.23 TCCAAATCGA Vimentin (M25246)

0.23 GGGGAAATCG Thymosin 310 (M92381)

Top 50 transcripts expressed in LPS-stimulated monocytes are listed.

The tag sequence represents the 10-bp SAGE tag. Probable GenBank matches
are listed.

More information on this table is available at our web site (http://www.prevent.m.u-
tokyo.ac.jp/SAGE.html).
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Figure 1. Comparison of gene expression patterns in resting and LPS-
stimulated monocytes. A semilogarithmic plot reveals 40 tags that were decreased
more than 10-fold in LPS-stimulated monocytes, whereas 60 tags were increased
more than 10-fold. After normalization of the number of each tag, the relative
expression of each transcript was determined by dividing the number of tags
observed in monocytes or LPS-stimulated monocytes as indicated. To avoid division
by 0, we used a tag value 1 for any tag that was not detectable in one of the samples.
These ratios are plotted on the abscissa. The number of genes displaying each ratio
is plotted on the ordinate. Mono and LPS indicate resting monocytes and LPS-
stimulated monocytes, respectively.
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activation-regulated chemokine (LARC), thymus and activation-
regulated chemokine (TARC), macrophage-derived chemokme
(MDC), regulated on activation, normal T cell expressed aﬁd
secreted (RANTES), and growth-regulated oncogef&RO «); §
lipid metabolism such as apolipoprotein C-1, apolipoprotein E, ghd
lysosomal acid lipase; and proteases and inhibitors suchgas
plasminogen activator inhibitor type 2 (PAI-2), matrix metalloprcgr
teinase-9 (MMP-9), and cystatin B.
Table 4 shows the top 50 transcripts identified to t§’e
decreased in LPS-stimulated monocytes. The mRNAs enco@wg
some ribosomal proteins, DNA-binding proteins such as GO%S
c-fos, jun-D, zing finger protein (tristetraprolin), and C/EEBPQ
differentiation-related protein such as MCL1, and cell structu@
related proteins such as actin-binding protein p57 and ARO}l
were decreased.

RELE

RT-PCR of genes represented in the SAGE

U/2028991/v8

Although we obtained the blood from 8 healthy volunteers £
find the average in the gene expression, one question that %till
arises from these data is if a difference exists in the gehe
expression among individual donor-derived cells. Another posi-
bility is that the change of gene expression was due merelygto
cell adhesion to the plastic tissue culture pl&t& To address §
these questions, we arbitrarily selected 6 differentially ex-
pressed transcripts and evaluated them in 3 donor-deri@ed
samples of unstimulated, incubated for 3 hours without LP%-
stimulation, and LPS-stimulated monocytes by RT-PCR (Figuse
2A). The expression of each transcript was compared to SAGE
data (Tables 3 and 4). MIPBL (resting monocytes [Mo]
2:LPS-stimulated monocytes [LPS] 215), EST (AI309 978) (Mo
1:LPS 66), Nafp (Mo 1:LPS 16), adenosine receptor A2a (Mo
1:LPS 14), and interferon (IFN)-inducible protein p78 were
highly induced (Mo 1:LPS 12); whereas tristetraprolin (Mo
27:LPS 3) was reduced and ferritin H was expressed almost
equally (Mo 471:LPS 534). Although there were some different
expression levels of transcripts among the donors, it was
confirmed that the induction of the identified genes was due to
the specific stimulation of LPS rather than simple adhesion.
Moreover, we selected 5 differentially expressed transcripts and
examined the time course of the induction of these genes after
LPS stimulation (Figure 2B). The expression of the genes
encoding PAI-2 (Mo O:LPS 105), NkB p50 (Mo 1:LPS 21),
LARC (Mo 0:LPS 19), and IL-7 receptor (IL-7R) (Mo O:LPS
16) was highly induced up to 12 hours, but that of NB-p50
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Table 3. Transcripts increased in LPS-stimulated monocytes

No.

Fold Tag sequences Mono LPS GenBank match (accession number)

128 GGCACCTCAG 0 128 IL-6 (M14584)

108 GATAACACAT 2 215 MIP1B (J04130)

105 CCCTTCTGTA 0 105 PAI-2 (Y00630)
66 ACTGTGGCGG 1 66 EST (AI309978)
44 TGGCCCCAGG 4 177 Apolipoprotein C-1 (NM001645)
38 CGACCCCACG 4 152 Apolipoprotein E (M12529)
35 TGTTTTCATA 9 318 EST (AA777287)
31 GTATGGGCCC 0 31 Hc-gp39 (M80927)
30 ATAATAAAAG 0 30 MIP2B/GROYy (M36821)
30 CTGTTAGTGT 1 30 Malate dehydrogenase 1 (D55654)
30 TTGAAGCTTT 1 30 MIP2a/GRORB (M36820)
28 GGGAAGGGGA 0 28 EST (AA554342)
28 TAAATCCCCA 1 28 MMP9/collagenase type IV (J05070)
25 AGACCACTGT 0 25 IL-1 (X02851) o
25 GAGCGGCACC 0 25 No reliable matches 3
24 GCCACACCCA 1 24 EST (Al825483) g:
23 CACCTCCTAT 0 23 No reliable matches g
22 GAGGCCCACA 0 22 No reliable matches g
22 TCACCGGTCA 0 22 Gelsolin (X04412) =
21 CCCTGGATCC 0 21 Multiple matches %
21 GGAAGGGGAG 1 21 NF-kB p50 (X61498) E
20 GTCTTAAGCA 0 20 EST (AI337038) 5
20 CAATTTGTGT 9 177 IL-1B (K02770) 8
19 GAGGGTTTAG 0 19 LARC (D86955) §
19 CAAGCATCCC 13 243 No reliable matches 2
18 GCACCAAAGC 66 1195 MIP1a (D0O0044) cg—’
18 TGAAGCACTT 0 18 Multiple matches S
17 GGCACAAAGG 0 17 TARC (D43767) Ey
17 AGAAGTGTCC 1 17 Lysosomal acid lipase A (Z31690) -g_
16 AGTCTTGCCG 0 16 No reliable matches §
16 TGGATTTGGT 0 16 IL-7 receptor (M29696) g
16 GACATAAATC 1 16 Naflp (AJ011896) ﬁé
15 TAGCCCCCTG 11 166 TNF (M10988) 2
15 GCTTGCAAAA 4 60 MnSOD (M36693) %
14 CAGCTATTTC 0 14 PA-FABP (M94856) §
14 GCCCCTGCGC 0 14 No reliable matches g
14 ACCACTTATC 1 14 EST (AA865837) §
14 TGCTGAGTAG 1 14 Adenosine receptor A2a (S46950) §
13 AATCTGCGCC 4 53 IFN-stimulated protein, 15kD (M13755) _g
13 AACGGGGCCC 0 13 MDC (U83171) 3
12 ATGAGCTGAC 4 48 Cystatin B (L03558) P
12 AAAAATCGGC 0 12 RANTES (AA486072) ’%
12 TTGAAACTTT 0 12 GRO« (J03561) S
12 CTGTTCCTTT 0 12 Cyclooxygenase 2 (COX2) (M90100) E
12 TCTGAAGTCA 0 12 EST (AA432060) §
12 GCCCCGGGGE 0 12 No reliable matches N
12 TATTTTCATA 0 12 No reliable matches S
12 AGTGCCGTGT 1 12 IFN-inducible protein p78 (M33882)
12 TATTTTGTGA 1 12 Myristoylated alanine-rich protein kinase C substrate/MARCKS (M68956)
11 ACTGCCTACA 7 80 No reliable matches

The 50 transcripts displaying the largest increase in expression in LPS-stimulated monocytes are listed by fold induction.
The tag sequence represents the 10-bp SAGE tag. The most probable GenBank matches are listed.

Each tag number was normalized using SAGE software by calculating the total tag number to 35 800.

No. indicates the number of times the tag was identified. Fold change in expression was calculated as described in Figure 1.
Mono and LPS indicate resting and LPS-stimulated monocytes, respectively.

More information on this table is available at our web site (http://www.prevent.m.u-tokyo.ac.jp/SAGE.html).

and LARC was barely detected at 24 hours, whereas the

expression oMCL1 gene was gradually decreased (Mo 26:LP$)jscussion

0). These results validate our SAGE data for resting and

LPS-stimulated monocytes and establish the general expressiperimental and clinical studies have provided details about a

profiles of the LPS-inducible genes in human monocytes. series of expressions and mechanisms of action of LPS-inducible
More information on this work is available at our web sitegene products.However, these studies provided only the limited

(http://lwww.prevent.m.u-tokyo.ac.jp/SAGE.html). number of the well-known mediators and the global quantitative
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Table 4. Transcripts decreased in LPS-stimulated monocytes

No.
Fold Tag sequences Mono LPS GenBank match (accession number)
39 CTGATGGCGA 39 0 EST (AA587283)
34 CTGTACTTGT 34 0 GOS3 (L49169)
32 TGGAAAGTGA 32 1 c-fos (NM005252)
30 GGGAAACAGG 30 1 EST (AA157963)
26 TACATTCTGT 26 0 MCL1 (L08246)
24 TGGAGAAGAG 24 0 EST (AA521075)
22 GCGGCTTTCC 22 0 cDNA homologous to yeast SCO1 (AL021683)
19 GCAGAGAAAA 19 0 Coronin, actin-binding, 1A (D44497)
19 AGTGCACGTG 19 0 EST (AA157635)
19 TTCATAGCTG 19 1 Cartilage-associated protein (CASP) (AJ006470)
18 ATCAAGTTCG 18 1 EST (AI343440)
17 GTGGGTTGGC 17 0 Aldehyde dehydrogenase 2 (KO3001)
16 GGCCTTTTTT 32 2 Histone H1x (D64142)
16 CCCCCTGCCC 16 0 EST (AA031810) o
16 GTGGGCCACG 16 0 No reliable matches 3
15 TGGTACACGT 15 0 EST (AA132037) g:
15 GGGCCAGGGG 15 0 EST (AA178975) 3
14 TCAGAGATGA 14 0 Syntaxin-binding protein 2 (AB002559) §
14 TCCGCGAGAA 14 0 EST (AA045234) =
14 GCTGTTGCGC 41 3 EST (AA076625) <
13 AATTAAATTA 13 0 No reliable matches E
13 ACCATTCTGC 13 0 Interferon-inducible gene 1-8D (X57351) §
13 GGGGGCGCCT 13 0 EST (AA133899) 8
13 GCCGCCGTGC 13 0 No reliable matches %
13 TGAAGGAGCC 25 2 ATP synthase subunit C (M16439) i
12 CTTGGGATGT 12 0 EST (AA074076) é!,
12 TGCACCACAG 12 0 Signal peptidase complex (AF061737) ;&,
12 AAGAAGACTT 12 1 GABA(A) receptor-associated protein (NM007278) 3
12 AGTATCTGGG 12 1 Actin-related protein 2/3 complex, subunit 1B (AF006084) -g_
12 CCCACACTAC 12 1 Multiple matches §
12 GCTCAGCTGG 12 1 EST (AA053346) §
11 GCCGCCATCT 44 4 Transketolase (L12711) Sé
11 GAGAAATCGT 11 0 Lysozyme (M21119) 3
11 TAATGCTAAA 11 0 GOS8 (L13463) %
11 TCGCCGCGAC 11 0 No reliable matches §
11 ACGCTCTCGA 11 1 CD37 (X14046) g
11 GTGCCCGTGC 11 1 EST (AA074032) §
11 TCTGGTCTGG 11 1 Flotillin 2 (NM004475) 5
11 TGAACCCGGG 11 1 EST (AA515326) =
11 TTGGAGCACT 11 1 EST (AA724726) 5
10 TACCTGCAGA 180 18 Calgranulin A (X06234) E
10 ACCCCCCCGE 60 6 Jun D (X51346) @
10 TCTACACGTG 39 4 Properdin P factor (M83652) S
10 GGCCAGGACT 19 2 N-formyl peptide receptor (M60627) E
9 ATGGTGGGGG 27 3 Tristetraprolin (M63625) ]
9 ACTACAAATA 9 1 EST (AW169101) N
9 CTCACTTTTT 9 1 C/EBPS/NF-IL6 @ (M83667) S
9 GCCTGGCCAT 9 1 Multiple matches
9 GGTAGAACTA 9 1 EST (AA234724)
9 GTGACTGCCA 9 1 Multiple matches

The 50 transcripts displaying the largest decrease in expression in LPS-stimulated monocytes are listed by fold reduction.
The tag sequence represents the 10-bp SAGE tag. The most probable GenBank matches are listed.

Each tag number was normalized using SAGE software by calculating the total tag number to 35 800.

No. indicates the number of times the tag was identified. Fold change in expression was calculated as described in Figure 1.
Mono and LPS indicate resting and LPS-stimulated monocytes, respectively.

More information on this table is available at our web site (http://www.prevent.m.u-tokyo.ac.jp/SAGE.html).

analysis of gene expression has never been conducted. In this stithes, IL-1, IL-6, and TNF, were expressed at higher levels in
we have applied the recently developed SAGE method to alldwPS-stimulated monocytes than resting cells and should play a
guantitative analysis of a large number of transcripts in humantral role in the initiation of systemic responses (Table 3 and the
LPS-stimulated monocytes. categorized list in Table 5). Chemokines are small proteins with 4
Among thousands of differentially expressed genes, mawgnserved cysteines forming 2 essential disulfide bonds. Four
cytokine and chemokine genes were identified to be highgubfamilies, CXC, CC, C, and GK chemokines, are distin
inducible as expected. The widely studied proinflammatory cytguished according to the position of the first 2 cysteines. Now
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A SAGE tag No A 8 c chemokine was not sign@ficantly changed after LPS stimulation
e GLPS' e except for th_e u_p-regulatlon of theé-7R gene (Table 3 and th(_a
B 2 25 P cat_egorlzed list in Tab_le 5). Through the IL-7—induced prod_uctlon
EST (Alaoagr?a) 1 o DY T EETE of inflammatory cytokines by monocyté%3?IL-7R may contrib
Naf1p 1 16 I ute to inflammation and tumor immunit§.
@pﬁfﬁm 1 I - = = Disseminated intravascular coagulation (DIC) is frequently
IFN-inducible 4 12 BT T associated with sepsis and can be a life-threatening bleeding
protein p7 . . . . .
tristetraprolin 27 ., — — = — —— | disorder® LPS is known to activate several steps in the coagulation
forrtin H = 471 534 i g— cascade. The accelerated coagulation reactions cause small thrombi

Table 5. Categorized transcripts highly expressed or increased in

LPS-stimulated monocytes
B SAGE tag No. LPS-stimulation No
- - GenBank match
Wo LPS q i 2 & 32 24 bre Fold Tag sequences Mono LPS (accession number)
PAI-2 0 105 - ; ” .
NF-xB p50 1 29 ytokines and cytokine receptors o
128 GGCACCTCAG 0 128 IL-6 (M14584) S
LARC ] 19 ) 3
5 AGACCACTGT 0 25 IL-1a (X02851) 2
IL-TR Y 16 20 CAATTTGTGT 9 177 IL-1B (K02770) 2
MCL1 26 0 15 TAGCCCCCTG 11 166 TNF (M10988) g
ferritn H 471 534 16 TGGATTTGGT 0 16 IL-7 receptor (M29696) g_
Figure 2. RT-PCR analysis of genes expressed differently in resting and Chemokines E
LPS-stimulated monocytes.  (A) RT-PCR was performed on total RNA isolated from cc 3';
human resting monocytes (1), monocytes only incubated for 3 hours without LPS (2), ~ 108 GATAACACAT 2 215 MIP18 (J04130) g
and monocytes cultured for 3 hours with LPS (3), as described in Materials and 19 GAGGGTTTAG 0 19 LARC (D86955) 5
methods. A, B, and C indicate different donors. Mono and LPS indicate resting 18 GCACCAAAGC 66 1195 MIP1a (D00044) %’*
monocytes land LPS-stimuIa'fed mpnocytes, respectively. SAGE tag No. is the 17 GGCACAAAGG o 17 TARC (D43767) §
number of times the tag was identified as shown in Tables 3 and 4. (B) Monocytes 13 o 13 MDGC (U83171 e
were incubated with LPS for O, 1, 3, 6, 12, 24 hours, respectively, and RT-PCR was AACGEEGECC ( ) g
performed on these samples from 3 different donor-derived cells. A representative 12 AAAAATCGGC 0 12 RANTES (AA486072) g
result is shown. 7 GTACTAGTGT 0 7 MCP-1 (M24545) 5
6 GATCATCAAG 0 6 MCP-2 (Y10802) ®
chemokine functions extend far beyond leukocyte physiology andExc %
include leukocyte trafficking, viral infection, angiogenesis, hemato3© ATAATAAAAG 0 30 MIP2B/GROy(M36821) g
poiesis, and antitumor effectd24 Surprisingly, many chemokines 32 TTCAAGCTTT ; ig ZES“"?;‘;‘;;M%%O) ]
. . . TTGAAACTTT B
were up-regulated simultaneously on LPS-stimulation. Amond o ) =
X . . TGGAAGCACT 60 317 IL-8 (Y00787) 2
them, CC chemokines, including MIF31ILARC, MIP-1a, TARC, — ®
X X X Proteases and protease inhibitors S
MDC, RANTES (Table 3 and the categorized list in Table 5),.. CCCTTCTCTA 0 105 PAI-2 (Y00630) s
monocyte _chem_oattractant protein-1 (MCP-;), and MCP-2 (Tablgg TAAATCCCCA 1 28 MMP9/collagenase type IV 2
5), were highly induced. These CC chemokines mainly chemoat- (J05070) 8
tract monocytes, basophils, eosinophils, and lymphocytes. The TGGGTGAGCC 24 112 Cathepsin B (L16510) @
other major chemokine subfamily, CXC chemokines, includingo.8  tcccrecace 130 108 Cystatin C (X05607) g
MIP-28 (GROY), MIP-2a (GROR), GRO« (Tables 3 and 5), and Lipid metabolism f
IL-8 (Tables 2 and 5), were also increased. Interestingly, all thes# TGGCCCCAGE 4 177 Apolipoprotein C-1 (NM001645) &
highly inducible CXC chemokines belong to the subgroup calleé{j CGACCCCACE ‘l‘ 1?5 t‘p""p(’p“’lte”?dEr(M121292)31690 g
. . . . . AGAAGTGTCC

ELR chemokines, which have a 3-amino acid motif, ELR (gluta-' et ysosomal acid lipase A ( ) 8
mate-leucin-arginine) between the N-termin nd the first jganseriptional factors £
?e' eucin-arginine) betwee . e N-te us a e_ S ,Cysz'1 GGAAGGGGAG 1 21 NF-kB p50 (X61498) i
teine. These ELR CXC chemokines have an apparent uniformity qf; ATTATGCCCA o 10 NF-«B pl05 (M55643) S

function such as neutrophil chemoattractants and activator, endothgomeostasis

lial cell chemoattractants, and angiogenic factors. In contrastp CCCTGGETTC 355 591 Ferritin L chain (M11147)
non-ELR CXC chemokines inhibit the angiogenic effects of ELR 1 TTGGGGTTTC a71 534 Ferritin H chain (M97164)
chemokines and basic fibroblast growth factor (0F&Rnd the Antigen presentation

transcripts of this subgroup were not increased significantly in0.9  GTTCACATTA 230 203 CD74, HLA-DR invariant chain
LPS-stimulated monocytes. These data suggest that monocytes are P33 (X00497)

involved in inflammatory angiogenes®.It was reported that L ~ CTTCTCCTTA 170 169 B-2 microglobulin (ABO21288)

. . . A 161 131 HLA-DR hain (V 2
monocytes adhere to the vascular wall during angiogenesis ang®  cceoatcrcr 6 s o chain (V00523)
te activation plays a major role in angiogenesis and_’ creacorene 220 122 MHC dlass | (1126205)
monocy play J giog 0.9  GTGCGCTGAG 108 96 HLA class IC (X58536)

collateral artery growtR® TNF and bFGF were presumed to be
involved in this event’-2° However, in addition to these factors, Thetag sequence represents the 10-bp SAGE tag. The most probable GenBank

our results showed other mediators such as ELR CXC chemokiff@&hes are isted. . . .
Each tag number was normalized using SAGE software by calculating the total

might contribute to the inflammatory angiogenesis. Moreovekg number to 35 800.
these results indicate that a wide variety of chemokines may No. indicates the number of times the tag was identified. Fold change in

orchestrate under pathophysiologic conditions and play a role §fpression was calculated as described in Figure 1. _

infl t ti Mono and LPS indicate resting and LPS-stimulated monocytes, respectively.
Inflammatory reactions. ) . More information on this table is available at our web site (http://www.prevent.m.u-
In contrast, the gene expression of receptors of cytokine aweyo.ac.jp/SAGE.html).
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and emboli throughout the microvasculature followed by a phasemibderate viability-enhancing effects in a spectrum of hematopoi-
procoagulant consumption and secondary fibrinolysis. In this stuaic cells in transgenic mic¥. The down-regulation of “early
PAI-2, a member of the serine protease inhibitor (Serpin) superfadifferentiation gene” MCL-1 may relate to the activated state of the
ily,3 was one of the highest induced genes in LPS-stimulatedonocytes rather than differentiated state and to the rapid turnover
monocytes (Table 3 and the categorized list in Table 5). Suppred-the mMRNA#3 Immediate early genes such edos, jun-D,and

sion of the fibrinolytic system directly contributes to the persigristetraprolin®® and other DNA binding proteins like GOS3 and
tence of intravascular clots. PAI-2 is an inhibitor of urokinase-typ€/EBR were decreased. Our results suggest that these down-
plasminogen activator (u-PA) and may be involved in fibrinolyticegulated transcripts may control the LPS-induced gene expression
suppression and modulation of DIC. Furthermore, because u-BRAnsiently to the adequate level. Although the biologic significance
generates plasmin in events involving degradation of extracellulafr the decreased expression of numerous genes mostly remains to
matrix.3* PAI-2 may also contribute to fibrin deposition, tissuebe clarified, this discovery may open a new biologic research field
remodeling, and cell migration at the site of inflammation. of activated monocytes.

Other known inflammation-related transcripts such as MMP-9 In conclusion, we completed SAGE of LPS-stimulated mono-
and inducible cyclooxygenase (COX2) were increased on LR$tes. Comparison between resting and activated monocytes re-
stimulation (Table 3). These results suggest that the proteinasmaled the comprehensive LPS-inducible gene expression profiles
MMP-9 may be involved in local remodeling and rep&if and in monocytes. This study confirms the pivotal role of monocytgs
the enzyme COX2 may play a critical role in inflammation anelith a variety of functions in inflammation, tissue injury and repag,
modulate the systemic reaction by converting arachidonic acid angiogenesis, and metabolism. The data revealed in this s@dy
prostaglandins and thromboxai§s. should provide basic information necessary for further understafd-

Another novel observation is the up-regulation of N&afling of the molecular pathogenesis of sepsis and be usefulin
(Nef-associated factor) and adenosine receptor A2a (Table 3)diagnosing or monitoring human various infectious and inflamnga-
NaflB is human immunodeficiency virus-1 (HIV-1) Nef-bindingtory diseases in combination with a developing DNA microarr§y
protein that increased cell surface CD4 expres&icrhe role of system. Furthermore, tag sequences of unknown genes |dent§|ed
NaflB in LPS-stimulated monocytes remains to be elucidatetere suffice to clone their cDNAs, and some of these gene prodgcts
Adenosine is a potent endogenous anti-inflammatory agent reay be useful as pharmaceuticals or targets for novel mtervenEon
leased by cells under circumstances of metabolic stress, suchthesapy of inflammatory diseases.
ischemia. Currently, at least 4 adenosine receptors, Al, A2a, A2b,
and A3, have been identifi¢d. The increased expression of
adenosine receptor A2a is likely to contribute to systemic control ¢(Ckn0w|edgments
inflammation via local inhibition of the cytokine syntheéts?

In this study, many genes were very unexpectedly found to Wée are very grateful to Dr V. E. Velculescu, L. Zhang, W. Zhou,
decreased on LPS stimulation (Table 4). MCL-1 is a member of tMegelstein, and K. W. Kinzler for their help with the SAGE;
Bcl-2 family expressed in early monocyte differentiafiband has procedures, and also to Dr H. Young for reviewing this manuscrigt.
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