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Abstract

We attempted to characterize the genes expression of CD4+ T lymphocytes for the pathogenesis of systemic lupus erythematosus (SLE).
Genomewide gene expression profiles of CD4+ T cells, which were isolated from the disease severe activity (T4-1s) and nonactivity (T4-2s)
with an SLE patient by using long serial analysis of gene expression (LongSAGE). We picked out 289 genes matching to Unigene cluster with
different expression more than four copies between T4-1s and T4-2s libraries and analyzed their roles from the collectedly published articles of
PubMed by genes functional clustering. The genes functions were related to a diverse cellular process including: (1) most of these genes were
associated with CD4+ T cells functions, particularly related to cellular developments; (2) Ras pathway genes as RANBP10, GMIP, RASGRP2
and ARL5 might be responsible for the abnormal development of CD4+ T cells of SLE; (3) HIG2, TCF7, KHSRP, WWP1, SMAD3, TLK2,
AES, CCNI and PIM2 belong to Wnt/beta-catenin way, they could play roles in modulating proliferation and differentiation of T lymphocytes;

(4) uncertain viral infections may initiate autoimmunity because high levels expression genes were detected in T4-1s such as TRIM22, IER2,
ABCEL, DUT, G1P2, G1P3, HNRPULL, EVERZ2, IFNAR1, TNFSF14, TMP21 and PVRL2; and (5) apoptosis relating genes as EIF3S8,
SH3BGRL3, GPX4, TOSO, PFDN5, BIN1, XIAPAF1, TEGT and CUGBP2 may contribute to over uploading of selfantigens in SLE cells.
Abnormalities findings of multiple genes expression involving with a variety of CD4+ T cells process might be meaningful to understanding
the pathogenesis of SLE, and immature CD4+ T cells may be responsible for SLE.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction immune complexes, along with autoreactive T lymphocytes
mediate this altered immune response at the cellular level
Our understandings in animal models and in human in SLE together cause pathological changes in several target
patients have found that the pathogenesis of systemic lupusorgans, including skin, blood vessels, lung and kidney
erythematosus (SLE) is associated with both genetic predis-(Shlomchik et al., 2001 As SLE is a multigenic and
positions and environmental influences. This combination age-dependent disease, the final disease phenotype is prob-
of various factors, which may differ among individuals, ably the result of many interactions arising from an initial
results in dysfunction of the adaptive immune syst€ing loss of peripheral tolerance followed by the amplification
and 3 Putterman, 2004The production of autoantibodies of specific autoimmune responses. CD4+ T lymphocytes
are considered to play a pivotal role in the generation of
mpondmg author. Fax: +86 23 68754416, losing self-toleranceRouzahzah et al., 2003; Chang fet al.,
E-mail address: haofei@mail tmmu.com.cn (F. Hao). 2004; Kolowos et al., 2001; Soltesz et al., 2002; Tsai et al.,
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A tremendous amount of work has been done to inves- findings returned to normal levels. The patient had not
tigate the mechanisms underlying the pathogenesis of SLE.any complaints, the skin lesions faded away and SLEDAI-
However, traditional molecular biology methods that focus 2K score gradually decreased from 29 to O point. As
on a single likely molecule or pathway may be limited in disease remission achieved successfully, prednisolone and
their ability to identify potential disease-related candidates hydrochloroquine were gradually reduced and all of the
from a broad spectrum of multiple interacting factors. orally pills were discontinued with trial on the sixth month.
Genomewide gene profiling using serial analysis of gene The patient only received monthly course of cyclophos-
expression (SAGE) technology emerged in 19¢&¢ulescu phamide and methylprednisolone without orally medicine.
et al., 199%, and long serial analysis of gene expression In this time, the disease got through to a nonactive state
(LongSAGE) were subsequently promoted in 2082Ha et and kept for two months. On the seventh month and
al., 2003. LongSAGE derives 21 bp tags for agiven transcript before the administration of chemotherapy, 20 ml periph-
while SAGE generates 14bp tags. A LongSAGE/SAGE eral blood was extracted again for purification of CD4+ T
library can produce adequate tags of transcripts which allow cells.
for the unbiased quantitative analysis of transcriptomes with
given tissues or cells, but the LongSAGE tags can be used, 5 ;< iasion of CD4+ T cells
to rapidly identify novel genes and exons rather than SAGE

tags. Although many aspects of T lymphocytes with SLE  peripheral blood mononuclear cells (PBMC) were iso-

have been studied in detail, the molecular mechanisms undery4¢a by Ficoll-Hypague (Pharmacia, Sweden) gradient cell
lying the pathogenesis of SLE for T cells remain elusive. ggngity centrifugation. Cells were stained with anti-CD4-

This work is in an attempt to identify genes of T cells with  rt¢ (Dyclone, France) antibodies, and then combined
SLE that determine commitment to the disease active state;, snti-CD4 immunomagnetic beads (Miltenyi Biotec,

or nonactive state, the gene expression profiles of CD4+ TGermany). CD4+ T cells were extracted from MS Mini-
lymphocytes isolated from a SLE patientin the disease active \acs column (Miltenyi Biotec, Germany). All samples

state (T4-1s) and nonactive state (T4-2s) were analyzed by,yere ohtained according to the principle of manufactures’
LongSAGE, which can detect novel genes and known genesygtocol.

that have not been implicated in CD4+ T cell with SLE

so far.
2.3. Verification of CD4+ T cells subset purification

2. Materials and methods The identity o.f the purified CD4+ _T cell subsets was
verified genotypically and phenotypically. The purified
cells were examined by flow cytometry for verification
of CD4+ T cells phenotype. The genotype of purified

A 26-year-old woman who gave birth to a daughter CD4+ T cells was assessed by PCR amplification by using

four years ago was selected. The patient complained ery-Primers of CD4, CD8 and CD19 at gene transcriptional
thema eruptions on her hands, feet, back and face (seée"e"

Supplementary data, Fig. sfor five months along with

arthropathy involving her shoulders, knees and coxae joints.2.4. LongSAGE analysis

The disease has not been identified and she did not take

any medications until she was referred to our department. RNA isolation was obtained by using Tripure isola-
Laboratory examinations found that the patient was not tion kit (Roche, USA). cDNA synthesis and LongSAGE
with impaired renal, hepatic and cardiac function except library construction were carried out by I-SAGE Long
with mild pericardial effusion. The clinical manifesta- Kit (Invitrogen, USA) according to LongSAGE man-
tions and laboratory findings revealed that the patient suf- ual. RNA was equal to fOisolated CD4+ T cells for
fered from SLE according to the American College of the construction of T4-1s and T4-2s LongSAGE library,
Rheumatology revised criteria for the classification of SLE respectively, and the superfluous RNAs were used to fur-
(Hochberg, 199y with a 29-score of systemic lupus ery- ther verification experiments. The LongSAGE tags were
thematosus disease activity 2000 (SLEDAI-2K3lgdman extracted by using SAGE2000 analysis software v4.5
et al., 2002. The patient's disease was at a severe active downloaded from http://www.invitrogen.com/sage/ The
state. Twenty millilitres peripheral blood was taken for iso- Unigene reference database (April 2004) was obtained
lation of CD4+ T cells before chemotherapy. An intra- at ftp://ftp.ncbi.nim.nih.gov/pub/sage/T4-1s LongSAGE
venous pulse regimen with cyclophosphamide (600 mg for library produced a total of 14,130 tags, and 16,147 tags were
two consecutive days, monthly) and methylprednisolone obtained from T4-2s LongSAGE library. All LongSAGE tags
(1000 mg, for three consecutive days, monthly) plus orally were compacted in a unique data set with quantitative infor-
prednisolone and hydrochloroquine was established. After mation and matched to the LongSAGE reference database for
five months of treatment, the abnormalities of laboratory gene identification.

2.1. Patient’s selection and management


http://www.invitrogen.com/sage/
ftp://ftp.ncbi.nlm.nih.gov/pub/sage/
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2.5. Verification of quantitative accuracy of LongSAGE Table 1
data SLEDAI-2K scores of the patient at the time of chemotherapy
SLEDAI-2K weight The time at chemotherapy
To validate quantitative diﬁ‘ergnces in gene expression 1 5 3 4 5 6 7
betwe_en _T4-1s and T4-2s as attained from LongSAGE, SeMi-| - cmorrhagic eruption N
quantitative RT-PCR analysis was performed for a set of 30 (g
selected genes by using cDNAs from T4-1s and T4-2s puri- Urine cast (4) Vi Vv Vi Vi
fied from the SLE patient as template. RT-PCR was done Hematuria (4) v v Y
for 20, 26 and 32 cycles and normalized for the beta-actin Pmt?'”‘i{'a Q) N N Y
gene. In the RT-PCR process, a LongSAGE tag sequence Wagfj‘;'t?o(n 2elapse @ {/ v
used as the se/nse primer, and a universal antisense primege,itis (2) J 4 Y
located at the ‘3end of cDNA was used as the antisense Leucopenia (1) Vi
primer to amplify the orlglngl cDNA template from which /. <core 29 18 14 12 4 0o o
the LongSAGE tag was derived.
2.6. Functional clustering of LongSAGE data in the nonactive state of SLE, T4-2s were extracted from the

checkpoint on the seventh chemotherapy. At the collection

LongSAGE tags derived from known transcripts were of peripheral blood, it was one month away from the last
arranged in functional clusters and sorted based on thedose of cyclophosphamide and methylprednisolone. There-
ratio of their frequency in T4-1s and T4-2s. Clustering fore, cyclophosphamide could have been suff.|C|entIy cleared
analysis is derived from the genes with known functions (Busse etal., 1999; Chen et al., 1997; Haubitz et al., 2002;
and comments in all published articles downloaded from Petros etal., 2002and methylprednisolone pharmacokinet-
www.ncbi.nlm.nih.govRibosome and mitochondrion genes i¢S (Booker et al., 2002; Lew et al., 1993; Tornatore et al.,
are omitted. CLUSTER and TREEVIEW software were used 2004 could be presumed that the clearance of methylpred-
(downloaded fromhttp://rana.lbl.gov/ kindly provided by ~ Nisolone in the patient was enough not to have effect on T
Michael B. Eisen, Lawrence Berkeley National Laboratory) Nelper cell. By this time, the genes expression profile of T4-

for transformation and graphic representation of LongSAGE 2s could represent the totality of CD4+ T cell’s transcripts of
tag counts. nonactive state with SLE.

3.2. Isolation and verification of CD4+ T lymphocytes

3. Results and discussion
The isolated CD4+ T cell from PBMC with anti-CD4

3.1. Chemotherapy results and follow-up observations immunomagnetic beads showed a higher positive percent
by flow cytometry examinatiorHigs. 1 and 2 It is recom-

Skin lesions showed on the patient's face, back’ handsmended that the pUrlty of isolated cells is more than 96%

and feet at her first hospitalization (sBepplementary data, ~should be transferred to downstream experimeiso(

Fig. s). The erythemas shrank along with chemotherapy €t al., 200). In this research, the purity of CD4+ cells

and disappeared in the third hospitalization without relapse for construction of LongSAGE libraries was above 95%.

(SeeSupp|ementary data, F|gBPed blood cells (RBC) RT-PCR amplification of the purified CD4+ T cells Only

count, white blood cells (WBC) count, erythrocyte sedi-

mentation rate (ESR), 24 h protein of urine, C3, 19G, and &

antinuclear—antibodies (ANA) titer returned to normal levels

(seeSupplementary data, Figs. s3}»sSLEDAI-2K score

was also from 29 point to OT@ble ) with the laboratory

findings. The disease turned to a nonactive state. On the first

hospitalization, the patient suffered from SLE with a severe

disease activity and did not take any pills. T4-1s could repre-

sent the naive set of SLE and the genes expression of T4-1s

could unroll molecular portrait of pathogenesis. In the period

of disease nonactivity on the sixth chemotherapy, the patient’s
WYM,
AL 1Y

Sjuang

oral medicine had been discontinued with trial and the dis-
ease had been still on the nonactivity for two months. In .
fact, the patient had a good health in the subsequent follow- 10° 10! 102 10° 104

. . FITC
up of eight months except received a monthly course of
intravenous pulse therapy without took any other orals. FOr gig. 1. cpa+ T cells isolated from the patient of SLE at severe disease
illustration of the molecular characteristics of CD4+ T cells activity state were positive for 95.8%.
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3 Table 2
* Distribution of LongSAGE tags in T4-1s and T4-2s
CDA4+ T cells
T4-1s T4-2s
Total tags 14130 16147
Unigue tags 6162 6960
Tags matching multiple gengs 897(15) 670(10)
Tags matching single gene 3267 (53) 2701(39)
Novel tags 1998 (32) 3589(51)
Abundance classes of LongSAGE thgs
1 3660 (59) 4000(57)
2-4 2164(35) 2537(36)
e Y 5-9 199(3) 261(4)
FITC 10-99 133(2) 157(2)
>100 6(<1) 5(<1)
Fig. 2. CD4+T cellsisolated from the patient of SLE at nonactive state were 2 Percentages are given in parentheses.
positive for 96.2%. b Abundance classes refer to tag counts in the two LongSAGE libraries.

produced CD4 bands, and did not produce CD19 and CD8

bands Fig. 3). The verification of isolated CD4+ T cellswith  and 10% unique LongSAGE tags match to more than one
genotype and phenotype guaranteed that the constructed/nigene cluster in T4-1s and T4-2s libraries, the matching

libraries could be available for genomewide genes profiling range is between two to seven genes, which is far less than

analysis. SAGE tags matching to multiple genes (ranging between
two and more than 99 matchdseg et al., 2001; Muschen
3.3. Assessment of LongSAGE libraries et al., 2002; Zhou et al., 20001 A 21 bp LongSAGE tag

compared with 14 bp SAGE tag tended to be more specific

For both T4-1s and T4-2s, more than 14,000 tags were for rep_resentin_g a gene resulting in presence of fewer tags
collected and matched to Unigene. Detailed features of T4-1sMatching multiple genes and lower matching ranges. Fifty
and T4-2s LongSAGE libraries are describedTable 2 three percent and 39% matched to one single Unigene
T4-1s and T4-2s longSAGE libraries contained 6162 and Cluster, 32% and 51% of tags do not have a match in Unigene
6960 unique tags, respectively, but more unique tags wereand are I'|kely to be derived from novel genes in T4-1s and
identified in the T4-1s library. This finding indicates that 14-2S unique tagsible 9. Novel SAGE tags can be further
the repertoire of gene expression at mRNA level is far less nvestigated by GLGIChen et al., 2000and 3 rapid ampli-
complex in the CD4+ T cells and suggests that CD4+ T lym- fication of pDNA ends to identify fgll-length cDNAs from
phocytes express many fewer genes in the active state than imovel candidate genes. The proportions of abundan(_:e classes
the nonactive state of SLE. Except for the fact that more than 8¢ comparable in T4-1s and T4-Zgable 9. Multiple
40% of the genes expressed in T4-2s were silenced in T4-1s -ONgSAGE tags maiching to one Unigene cluster (i.e., the
the quantitative distribution of LongSAGE tags matched to Presence of splice variants in therggion of a given gene) |
Unigene database is also different between T4-1s and T4-2sShow a more frequent tendency in T4-2s as compared with
LongSAGE profiles, but the abundance classes are similar inT4-18 and point to another level, at which the pattern of gene

both LongSAGE librariesTable 2. Although there are 15%  €XxPression is more complex in the CD4+ T lymphocytes of
the nonactive state than in the active state for SLE.

Semiquantitative RT-PCR was performed to corroborate

Tat T4 quantitative differences of gene expression for 30 selected
e o CDa _ cDs __ CDio tags that matched to single gerféig. 4). RT-PCRs were
used cDNAs from the SLE patient of T4-1s and T4-2s (i.e.,
RNA that was not subjected to LongSAGE analysis) as tem-
plates, and the selected LongSAGE tags sequence and univer-
sal primers were added to the cocktail mixtures as primers.
Among 30 genes tested, amplified fragments lengths of the
expected size were ranged from 80 to 500 bp. The intensity
of the RT-PCR bands reflected the quantitative differences
between T4-1s and T4-2s as tag counts in the LongSAGE
analysis for all 30 informative cases. This indicated that
Fig. 3. 578bp CD4 bands were amplified successfully in T4-1s and T4- (€ quantitative differences observed in the comparison of
2s RT-PCR products, respectively, while CD8 and CD19 were without any LONGSAGE profiles for T4-1s and T4-2s are consistent with
amplification. Marker is 100 bp DNA ladder from 300 to 800 bp. semiquantitative RT-PCR results.

578bp
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T4-1s T4-2s Count

LonSAGE Tae 55— 26 32 20 26 32 Td-ls Td-2s 0°ne
CTICTIGCCCCTTOCCC gl N 156 °  H2
crectercTeeTeece [ A > 0 nea2
cecaaceeacrereceC [ > 15 HpA2
ccarncarnstecTocs [ ¢ 0 B
crecaccToacTocTca [ sz BB
CCGCTTACTCTGTTGGG wTcace S o g e, 29 5 ETS1
AcecseceoecAcCTTC e A 5 1 D12
creanaccocsTCTCTA IR 15 5 Kan
crecTecaccTacesC [ ¢z PsusS
cecrracerTTACAGCT [y 1 10 MRS
crr1caaceoeTAACGS [l ] © 11 QDRR
crrccaactaTcoAToc [ ] 0 20 STRM
ceceTeTAcAccAGCoA [ ] 0 11 NKG&T
cecearecteeceToAs [ 0 7 TBCA
acacataacTGoAGAAA [ W ] o 0TI
GCTGCAGCACAAGCGGC [ 7 o B3ALM
catcastctceatcteT [ I ' o Psw
cerocascacaceeoc [T @ © fov
1666T6AGCCASTGGAA [ @ o cCTsB
acercacacaTceAcA [ " © PR
GTTTAMTCGACTCTTT [t ¢ ©  Psuz
6TTTAATCGACTOTTT [ T ¢ o 5F
atcaacantectoctee [T © o© [FISO
ATTAAGAGGGACCGCCS e © o IlesT
cecacaaccteaccach Rl @ o  FOM
166CTCGCAACTGTTG [ D 5 o  VAWPS
TCAGTTTGTCACTCACC it S 5 © HX
cocatasccacteorce [ 2 :  PA2Gt
ceaseeacesecroace Tl 3 12 HCST
cosaceseescToacc: I R ¢ 1 PLAXGMB

Fig. 4. Assessment of quantitative accuracy of LongSAGE data. To corroborate different gene expression between T4-1s and T4-2s as assessgf by LongSA
semiquantitative RT-PCR was performed for 30 selected genes. The RT-PCR was normalized for 20, 26, and 32 cycles by using a cDNA fragment of the
beta-actin gene as a standard. Amplified fragments lengths of the expected size were ranged from 80 to 500 bp (data not shown).

as well. Gene’s function is involved with apoptosis, lupus,
immune response and regulation, antigen presentation, devel-
We have analyzed the matched genes amounting toopment, cell cycle control, hypoxia, and Ras and Wnt/beta-
289 genes only with the expression difference more than catenin signal transduction pathwaysg. 5A-D).
four copies between T4-1s and T4-2s; ribosome and mito- In the collected articles about these genes, most of them
chondrion genes are excluded. The published articles forare related to thymocytes functions including lupus, antigen
a given gene related to corresponding cells and pos-presentation, infection, cytotoxicity, CD8 lymphocytes, CD4
sible functions comments were collected from PubMed lymphocytes, dendritic cells, immune responses, immune
(http://www.ncbi.nin.goyy. We compared the documents regulation, Blymphocytes, stem cells, bone marrow cells, cell
related to CD4+ T cells with other blood cells, and non- cycle control, apoptosis, development, proliferation, cancer,
associated cells (e.g. endothelium, cancer cells, osteoblastRas and Wnt/beta-catenin signal transduction pathways. Few

3.4. Functional clustering of Unigenes
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of them are associated with eosinophil, basophil, hepatocyte,function in the mechanism of pathogenesis for SLE remains
endothelium, muscle cell, fibroblast, chondrocyte, osteoblast, to be clarified. We presume that one or more genes handicap
erythrocyte, hypoxia and mesenchyntty. 5A-D). Itcan be in cellular signal transduction pathways should be in charge
concluded that the screened genes with different expressiorof the abnormal development of CD4+ T cells with SLE.
in T4-1s and T4-2s by LongSAGE can exhibit the functions In the 289 genes with different expression between T4-
of CD4+ lymphocytes. 1s and T4-2s, only a few of them have been involved in
The remarkable column in the maps is referred to develop- the published articles related to CD4+ T cell5g. 5A).
ment, as if most of the genes have a role witlrig( 5A-D). Among these genes, TCF7 (TCF-1), BID, IER2, DUT, G1P2,
Many of these genes have a variety of roles except for devel-IFNAR1, DC2, ACTN4, GANAB, UBELL, PSMA7, IFI30,
opment, such as TCF7, CLEC2D, PDCD4, DC2, GZMB, TNFSF14, TMP21,ITGB7, CD6, ILI0RA, PVRL2, LTBP2,
CD7, SELL, SMAD3 and TLK2. It can be understood that NKTR, LILRB1, IL7R and CD7 expressed at high levels in
some genes related to malignant tumors are also the effectord’4-1s, while the genes at low levels expression in T4-1s are
of developmental proceski@. 5C). Although the relatively PDCD4, GIMAP7, TES, CTSS, MED28, ITGB4BP, NKG?7,
high levels of expression of these genes in T4-1s or T4-2s areGZMH, HCST, GZMB and SELL. TCF7 expresses in imma-
notwell known, they must be potentially meaningfuland their ture thymocytes $taal et al., 2004 and IL7R signals can
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Fig. 5. Gene functional clustering analysis of LongSAGE data in T4-1s and T4-2s libraries. The genes expressions in the cells and possibleefienctions w
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development and proliferation. Most of the genes play roles in the cellular development (A-D).
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Fig. 5. (Continued).

inhibitexpression of TCF7 whichis required fortheimmature as a novel MET-interacting protein shares high sequence sim-
single positive to double positive transition at the stage of thy- ilarity with RANBPM, which activates the Ras/Erk signaling
mocytes developmentin thymudetal., 2004. BID, IER2, pathway by serving as an adaptor protein of MET to recruit
DUT and IFNARL are effectors of viral infection. ILLORA  SOS, but RANBP10 fails to stimulate MET-induced Ras/Erk
mainly participates in the modulation of immune responses. signaling Wang et al., 2004 The action of the RHOGAP
Proliferation of human CD4+ T cells expressing NKAR has protein GMIP may control the Ras signaling pathways
been shown to be enhanced, particularly in response to low(Aresta et al., 2002 RASGRP2, which is a calcium and
doses of antigerMandelboim et al., 1998; Strominger etal., diacylglycerol- responsive RAP1 exchange factor, is required
2003, and NKAR expressed in CD4+ cells of SLE might be to activate lymphocyte function-associated antigen-1 (LFA-
the reason of autoimmunity. However, we do not know why 1) (Quilliam et al., 2002 When RASGRP2 expressed in
PDCD4 expressed in T4-2s and did not express in T4-1s, Jurkat cells associated with RAP1, it resulted in enhanced
though PDCD4 is commonly known to play a role in apop- RAPL1 activation and adhesion triggered by the TCR
tosis. (Katagiri et al., 2004 Therefore, higher expression of RAS-
RANBP10, GMIP, RASGRP2 and ARL5 were associated GRP2 in T4-1s may contribute the hyperactivity of CD4+
with Ras pathwaysHig. 5A). RANBP10 has been identified T cells in the active stage of SLE. ARL5 is developmentally
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regulated and may play a role in nuclear dynamics and/or found to enhance aggressive erythroleukemic cldmedng

signaling cascades during embryonic developmént &t
al., 2003. Non-expression of ARL5 in T4-1s indicates that
there might be abnormal development of CD4+ T cells with
SLE.

et al., 200% and be related to hematopoiedidasuya et al.,
2005. An increase of FLII, IFI27, IL6ST, BCL2, PIK3CA,
TRIM25, EMP3, DEAF1, TNCRNA and PIM2 in T4-1s
denoted enhanced proliferation of CD4+ T cells of SLE.

Whnt/beta-catenin signal transduction pathway mediates On the other hand, SMAD3, MAPK1, E2F3 and MCL1

proliferation and differentiation of progenitor cells includ-
ing T cell developmentNulroy et al., 2003; Staal et al.,
2007). Dysregulation of the Wnt/beta-catenin signal trans-

are expressed at low levels in T4-18id. 5B). SMAD3,
E2F3 and MCL1 isoform2 are recognized as activators of
tumor suppressor genes, but their function with activation

duction pathway has been implicated in the pathogenesis ofand proliferation of CD4+ T cells should be investigated

tumorsinthe mammary gland, colon and other tissiesy

et al., 200%. We have found that HIG2 and TCF7 (TCF-1)
expressed in T4-1s and did not express in T4Fg.(5A).
HIG2 was first shown to be induced by both hypoxia and glu-
cose deprivationin human cervical carcinoma célsr{ko et

al., 2000, but its role in Wnt/beta-catenin signal transduction
pathway is not determined. TCF7, which is critical to T cell

development at particular checkpoints from T-lineage spec-

ification to peripheral T cell specializatioR¢thenberg and
Taghon, 200h was identified by DNA microarrays in imma-
ture CD34+ thymocytesStaal et al., 2004 TCF7 expressed

further.

Genes related to cellular cycle control also had functions
with development, differentiation, stem cells, immune
responses and B lymphocytdsd. 5B). It is very difficult to
take apart for genes with these functions since differentiation
depends on cell cycle control and development. T and B lym-
phocyte are derived from hematopoietic stem cells (HSCs).
ATM has been shown to have an essential function in the
reconstitutive capacity of HSC#d et al., 2004. CD52 is a
glycosylphosphatidyl-inositol-linked glycoprotein expressed
at high levels on normal T and B lymphocytes and at lower

in T4-1s and did not express in T4-2s means that CD4+ cells levels on monocytes, while being absent on granulocytes and

in SLE would not be well differentiated. The different expres-
sion of HIG2, TCF7, KHSRP, WWP1, SMAD3, TLK2, AES,
CCNIland PIM2 Fig. 5A-D) between T4-1s and T4-2s might

bone marrow stem cell precursors. It has been found that the
persistence of CD52 T cells in the peripheral blood in three
out of 25 rheumatoid arthritis patientBrett et al., 1998

be responsible for the autoimmunity of lupus by generating Up-regulation of ATM and down-regulation of CD52 in the

immature CD4+ T cells.

In the infection columnKig. 5A-D), some genes are per-
tinent to infection. TRIM22 expressed inresting T cellsin the
absence of exogenous interferon treatm&uar(gora et al.,
2000. The expression of TRIM22 is induced by interferon.
The down-regulating expression of TRIM22 in T4-1simplied

that CD4+ cells were activated. It is not sure that SLE is asso-

ciated with viral infection, but IER2, ABCE1, DUT, G1P2,
G1P3, HNRPUL1, EVER2, IFNAR1, TNFSF14, TMP21,

peripheral CD4+ T cells of lupus characterized by HSCs
could be thought that self-reactive T cells for autoimmunity

resembled HSCs' characteristics. If the immature T cells
were released to peripheral blood, autoimmunity would

come from the T cells abnormalities of immune responses.
The highlighted expression genes are HBA2 and HBB, which
were up-regulated in T4-1s and down-regulated in T4-2s.
391 tags of HBA2 were derived from 18 alternative matches
in T4-1s, while 12 of 18 variants were negative and the others

PVRL2 up-regulated expressions in T4-1s suggests thatexpressed at a low level (copiesas 9, 15,1,1, 2 and 1, respec-
SLE would be susceptible to certain pathogens. For exam-tively) in T4-2s. For 79 HBB tags were composed of 15 types

ple, HNRPUL1 binds specifically to adenovirus E1B-55kDa
oncoproteinGabler etal., 1998 TNFSF14 is also known as

a herpes virus entry mediata€liimma et al., 2004; Krum-
menacher et al., 2004

Theoretically, autoimmunity of lupus may result from the

hyperplasia of autogenous immunologic clone with T and B
cells. Itis well known that B cells of SLE produce a great deal
of antinuclear antibodies that lead to break down multiple

of 3 end splicing variants in T4-1s, 10 variants were silenced
and only 5 variants were detected (copiesas 2, 1,1, 1 and 4)
in T4-2s (data not shown). Coincidently, light polypeptide
ferritin gene (FTL) was also up-regulated in T4-1s. We
do not know what is the possible role of HBA2 and HBB
expressed in the CD4+ T lymphocytes, even though transfer-
rin is thought to be required for early T cell differentiation
(Macedo et al., 2004 andHaribhai et al. (2003proposed

organs. Several enhanced genes in the T4-1s with prolifera-that tolerogenic thresholds are T cell specific with extremely
tion suggest that there might be hyperplasiain some CD4+ Tlow levels of self-antigens exposure (e.g. Hb (64-76))

cellsof SLE Fig. 5B and D), and these genes are also involved
in cell cycle control and development. JUNB belonging to the
activating protein-1 (AP-1) family of transcription factors are
key regulators of cellular proliferation, differentiation and
invasion processes in many systemarhberger et al., 2004;
Heinrich et al., 2004; Mehic et al., 200%nd they are over-

could generate a restricted repertoire of responding T cells
in mice.

About one-sixth genes related to lupus were mentioned
by the published articles-{g. 5A, B and D). This means the
majority of genes that we determined, their different expres-
sions in the T4-1s and T4-2s libraries would be helpful for

expressed in T4-1s. Increased SCYL1 in T4-1s indicates pathogenesis of lupus. In the mentioned genes for lupus,

activation and proliferation of CD4+ T cells, which is con-
sistent with the study dflapper et al. (2004)LII (FLI-1) is

some of them are also combined with other functions. For
instance, GZMB, SELL (CD62L) and TAP1 have a variety
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