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ABSTRACT The CD5 molecule is a lymphocyte differentiatihg antigen with mw. of 67,000, ex-
pressed on a majority of thymocytes, peripheral T cells and a subpopulation of B cells. We have
isolated and characterized rat CD5 ¢cDNA clones from the Wistar rat thymus ¢cDNA Iibrary. A clone
R5c¢64 was found to contain a 2.1 kb full-length ¢cDNA insert. The deduced amino acid sequence was
comprised of an amino-terminal extracellular domain of 344 residues, a transmembrane region of 31
residues, and a carboxyl-terminal domain of 93 residues with a leader peptide of 23 residues. The
extracellular domain contained 22 cysteine residues, all of which were highly conserved among rat,
mouse and human in position and in number, and were divided into two homologous subregions by a
threonine/proline-rich region. The rat CD5 had a 85% amino acid identity with the murine CD5 and
a 649 identity with its human counterpart for the whole peptide. In contrast, the cytoplasmic
domain was 97% and 87% identical with those of mouse and human homologues, respectively. This
implied an important functional property of this domain. A mAb R1-3B3 was shown to recognize
rat CD5 antigens expressed on COS cells transfected with the insert DNA. We could also demon-
strate rat CD5 expression on a subset of B cells. Analysis of RFLP of rat genomes showed allelic
variants in some strains. (Received December 26, 1991 and accepted January 24, 1992)
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1. Introduction

The lymphocyte cell surface molecule CD5 (T1, Leul, Tp67 in the human: Lyl in the mouse) of
relative molecular mass 67,000 is expressed on the majority of thymocytes, peripheral T cells” and a
small population of B cells®. Although an exact role of CD5 is still unknown, studies using monoclonal
antibodies against CD5 have demonstrated the involvement of CD5 in T-cell proliferation® and in T-cell
helper function to immunoglobulin production®; T-cell proliferation mediated by CD5 stimuli depended
on the expression of the TCR/CD3 complex and resulted in a rise in intracellular calcium level®, ac-
companied by IL-2R expression and by IL-2 synthesis. It seemed costimulatory effect like IL-1 did on
T cells®. Furthermore, CD5*B cells were primarily responsible for the production of polyreactive
autoantibodies such as rheumatoid factor”, whilst CD5 B cells produced non-self reactive antibodies®.
Most recently, the natural ligand for CD5 has turned out to be the B-cell surface antigen CD72 (Lyb-2
in the mouse)?, a glycoprotein of mw. 45-kd, expressed as a disulfide-linked homodimer on pre-B and
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mature B cells. With this respect, it is suggested that CD5 may play an important role as a ligand or as
a receptor in T-B cognate interactions and in induction of autoimmunity in many immunological aspects.
We have been studied the function and structure of CD5 in the immune responses!® and interested in the
mechanism by which the gene expression is regulated not only in T cells but also in B cells. The pres-
ent study was aimed to elucidate the complete structure of rat CD5 to investigate whether or not previ-
ously unidentified ligand and T cell activating property of rat CD5 are similar to those of mouse and
human. We have isolated and characterized the cDNA clones encoding rat CD5 by screening of rat
thymus ¢cDNA libraries. Formal proof that mAb R1-3B3'? recognized rat CD5 was also provided by
detection of CD5 on the COS-cell transfectants.

2. Materials and Methods

2. 1 Animals, antibodies and probe

Inbred 6-to 8-~week old Wistar/Crj and Fischer/Crj (F344) rats were purchased from Charles-River
Japan (Tokyo). Monoclonal antibody (mAb) against rat CD5, R1-3B3 and control mAb Y1 were
developed in our laboratory and described previously'®'?. RLN-9D3 mAb specific for rat B cells was
kindly provided by Dr. T. Takami (Gifu university, Gifu). Biotinization of mAb was performed as
described'®. Avidin-PE and goat anti-mouse Ig conjugated with FITC were obtained from Funakoshi
Inc. (Tokyo). Mouse CD5 cDNA clone, MD-10*¥ was kindly provided by Dr, H. Nakauchi (Riken,
Tsukuba, Ibaragi).

2. 2 Construction of rat ¢DNA library and screening

Total RNA was prepared from 6- to 8-week-old Wistar rat thymus by the guanidinium thiocyanate/
CsCl method'”, and poly(A)*fraction was selected by oligo (dT)-cellulose column chromatography by
standard technique. The cDNA was synthesized by the method of Giibler and Hoffman!®. Reverse
transcriptase was purchased from ' Seikagaku Kogyo (Tokyo). After addition of the EcoRI/Notl
adaptor (5’-d[AATTCGCGGCCGC]-3/3-[GCGCCGGCG]p-5, Pharmacia, Tokyo), cDNA ranging 1.1
kb to 7kb in length was recovered from agarose gel (Seakem GTG, FMC Bioproducts, ME, U.S. A),
ligated with EcoRI-digested A ZAPII vector (Stratagene, CA, U.S. A), then introduced into E. coli
XL-1 blue competent cells to construct the cDNA library. Aliquots of the library were plated out on 10
cm dishes containing 1.2% LB agar and the plates were incubated upside down at 37°C overnight to
grow colonies. More than 10° independent colonies were obtained. Colony lifting was performed using
the colony/plaque screen filters (NEN, MA, U.S. A) by standard technique and the replica filters were
denatured in 0.5 N NaOH for 2 min. twice, neutralized in 1 M Tris/HCl for 2 min.. twice and rinsed in
2X8S8C, 0.1% SDS for 10 min.

The resulting filters were hybridized with a radiolabelled probe containing about 550-bp long 5" Eco
RI-Hind 1II fragment prepared from the murine CD5 (Ly-1) ¢cDNA clone MD-10. This fragment con-
tains the 5’ coding sequence from the first amino acid extending to 151 residues of about a-third portion
of the whole cDNA. Labeling of the probe with 3P was carried out using the random hexamer priming
method'®. Plaque hybridization of the blots was performed at 42°C in 40% deionized formamide, 4X
SSC, 20 mM Tris/HCI pH 7.5, 10% Denhardt’s solution, 0.19% SDS, 10% dextran sulfate, and 20 ug/m!/
salmon sperm DNA overnight. The filters were washed at room temperature in 2XSSC, 0.19% SDS for
20 min followed by 0.2XSSC, 0.19% SDS at 42°C for 30-60 min, and exposed to X-ray film overnight.

2. 3 Isolation of cDNA clones and nucleotide sequencing

Positive clones were plaque-purified after two cycles of re-cloning steps and the plasmids containing
inserts were rescued from the A ZAP II vector with the helper phage R408 by using the % wvivo excision
protocol (Stratagene, La Jolla, Ca). These DNAs were prepared directly or subcloned into M13, and
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then subjected to make sefies of deletion mutants. DNA sequence analysis was performed on both ori-
entations by the method of Sanger et al.'”
2. 4 Polymerase chain reaction (PCR)

PCR was carried out as described by Maniatis ef. ¢l.** Briefly, 1 4/ of phage stock solution was
used for template. Both the forward primer (5’-CCATGGACTCCCACGAAGTG-3") containing the first
methionine codon and the reverse primer (5'-TCTAGGCAGATCAGGCTCA-3") which are highly conser-
ved in mouse!® and human'® were added at a concentration of 1 uM each in 50 mM KCl, 10 mM Tris
pH 8.3, 1.5mM MgCl,, 200 uM each dATP, dCTP, dGTP, and dTTP, 0.19% gelatin, 40 units of Taq
DNA polymerase per ml. The 50 u/ of reaction mixture was sﬁbjected to the amplification step by 30
cycles of 1 min at 94°C, 2 min at 55C and 4 min at 72C in a DNA thermal cycler (Perkin-Elmer, Cetus,
CA).

The reaction mixture was electrophoresed on a 1.5% low-melting-point agarose gel, then the gel was
stained with ethidium bromide.
2. 5 Computer analysis

Nucleotides and the predicted amino acids sequence analysis were performed by using Genetics
sequence analysis programs (SDC, Tokyo). Hydrophobicity analysis of the amino acids sequence was
done according to the method of Kyte and Doolittle!?,

2. 6 DEAE-dextran transfection of COS cell

R5c64 DNA was double-digested with both Hind Il and Xbdal, then the fargment containig the
entire coding region of the rat CD5 ¢cDNA was subcloned unidirectionally into the expression vector
CDMS allowing that the insert DNA could be properly controled under the promoter. The recombinant
clone termed R5¢64/CDMS8 was prepared and purified by the alkaline lysis procedure for transfection.
COS7 cells (1.5X10%) were plated on 10 cm dishes and grown overnight, then transfected by the DEAE-
dextran method, as follows. Serum-free Modified Eagle’s medium (MEM from GIBCO) containing 400
ug/ml DEAE-dextran, 200 M chloroquine and 20 ug of R5¢64/CDMS8 was added to the cells. After the
cells were incubated at 37°C for 4 hr. (earlier if necessary), the DNA mixture was removed and the cells
were washed with phosphate buffered saline (1 XPBS). The cells were then fed with MEM/10% fetal
calf serum for 48-72 hr. to allow expression of transfected DNA.

2. 7 FACS analysis

Expression of CD5 was examined by indirect immunofluorescence. Forty to seventy-two hr. after
transfection, the cells were washed once with 1 X PBS and exposed for 30 min. at 37°C with 8 m/ PBS/0.5
mMEDTA/0.02% azide per 10 cm dish. The detached cells were centrifuged and incubated for 60 min.
at 4°C with a mouse anti-rat CD5 mAb (R1-3B3) or with a mAb against CD45 on Jurkat cells (Y1) as
a negative control followed by another incubation with FITC-conjugated goat anti-mouse lg as a second
antibody. Analysis of these cells was carried out on a fluorescence activated cell sorter (FACStar,
Becton Dickinson, Sunnyvale, CA). The data were expressed as a histogram in which the intensity of
fluorescence was plotted on an abscissa against the relative number of cells on the ordinate. The analy-
sis of each sample was carried out with 10,000 cells. Two color staining was performed as follows;
cells were simultaneously stained with two antibodies. First, cells were treated with 10 gg/m! of biotin-
ized anti-CD5 mAb (R1-3B3) at 4C for 30 min. After washing, cells were incubated with an appropri-
ate dilution of PE-conjugated avidin (Avidin-PE ; Funakoshi, Tokyo) at 4C for 30 min. After wash-
ing, cells were then incubated with FITC-conjugated RLN- 9D3 mAb. Samples were analyzed by FAC-
Star. Green fluorescence (515-530 nm wave length) from FITC and red fluorescence (630 nm wave
length) from PE were detected independently and displayed as contour maps in the logarithmic scale of
fluorescence intensity.
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2. 8 Southern blot analysis .

Cellular DNA was prepared from rat liver as standard protocol?®. Inbred rat strains, LEW/Hkm,
TO/Hkm, LEJ/Hkm, BUF/HKm, ACI/Hkm, WN/Hkm and WKAH/Hkm were kindly provided by Dr.
N. Kasai (Hokkaido University, School of Medicine, Sapporo). NIG III/Hok, SDJ/Hok, ALB/Hok
and BN/Hok were gift of Dr. M. Yoshida (Hokkaido University, Faculty of Science, Sapporo). F344/
Crj was purchased from Charles-River Japan (Tokyo). Fifteen ug of each cellular DNA was digested
with Pst I and fractionated in 0.79% agarose gel and transferred to the Gene Screen Plus blotting mem-
brane (NEN, MA) with capillary transfer metheod. Blots hybridization was done according to manu-
facturer’s protocol.

3 Results

3. 1 Isolation and characterization of rat CD5 ¢cDNA clones

A 1 ZAPII cDNA library constructed from the Wistar rat thymus was screened with a probe
containing 550 bp EcoRI-Hind Il digested DNA fragment of murine CD5 ¢cDNA clone MD-10 which
corresponded to a-third portion of the 5 coding sequence. Of 60,000 plaques screened. two clones were
obtained and characterized in detail (Fig.1). Restriction mapping revealed that two clones denoted
R5c¢52 and R5c64 were overlapping and contained cDNA inserts having the same or similar 3’ ends but
variable 5" ends. Because we have only isolated 5’ truncated ¢cDNA clones in several rounds of repeated
screenings (data not shown), we decided to use PCR amplification of 5 region to identify full-length
cDNA clones. According to PCR analysis R5¢52 lacks a partial open reading frame including a initia-
tion codon (ATG). However, R5c64 has a longer insert (2.1kb) and contained a initiation codon. It
overlaps whole of R5¢52 and extends to both 5 and 3’ ends. Therefore, the nucleotide sequence of
R5c64 was determined on both strands.

200 bp Fig. 1 Schematic representation and
T T TT T T Fi restricton map of the cDNA
clone.
cos mna —{ IS N B33 = The box represents the open
R5e64 reading frame and both 5 and 3’
° . gnzrat}tslat?d regiop.t' The cleav-
- ge sites for restriction enzymes
[ -«

> - are shown as follows: Pst I(P),
)—_) L e Eco RI(E), Sma I(S). The cor-
[Rosium 3 < responding ¢cDNA is indicated by
—_— a line beneath the box, the bold
> line shows the coding sequence.
[] untransiated region NN Extracytoplasmic domai Arrows mqlcat,e the ~sequence
strategy (direction and extent of

- Leader,Transmembrane [EE] Cytoplasmic domain sequence).

3. 2 Nucleotide and deduced amino acids sequence of the rat CD5

The R5c64 insert is 2059 bp long (Fig.2). An open reading frame of 1473 bases (positions 90-1562)
begins with an KTG methionine codon at 90 and ends with the termination codon TAK at 1565 and is
flanked by 89 nucleotides of 5 untranslated sequence and 497 nucleotides of 3’ untranslated sequence.
The ATG at 90 is assigned as the initiation site because it is flanked by the initiation consensus sequence
proposed by Kozak?". There is no canonical poly(A)-additional signal (AATAAA), but exists a
related sequence, AATAAT, at nearly 3’ end as shown in the cases of murine or human CD7222%%. The
first 23 amino acids (from methionine to glycine) are characteristic of a classical signal peptide in
agreement with von Heijne??.

Cleavage of a precursor peptide between the 23 th Gly and 24 th GIn evokes a typical integrated
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CTCCAAGAG AGTAAGACAC TGAGCCAGAC ACCTTTCCTG GCTGGCCAAC TGAACTCACC TGAGGCTGAG GCAGCAGAAG GCCATTATCC

+1

ATG GAC TCT CAC GAA GTG CTG CTG GCT 6CC ACA TAC CTG CTG GGA ACA CTG GCT GCT TTC TGC CTT GGA CAG TCT GGA AGG GGC TTC GTA
Leu Ala Ala Thr Tyr Leu Leu Gly Thr Leu Ala Ala Phe Cys Leu Gly Gin Ser Gly Arg Giy Phe Val

Met Asp Ser His Glu Yal Leu

GET GCC
Gly Ala

AGT TGG
Ser Trp

GGC CAT
Gly His

GGC CAG
Gly Gin

CCC ACA
Pro Thr

GGC ACC
Gly Thr

CTG TCC
Leu Ser

L]
AGC TGC
Sar Cys

AAG GTT
Lys val

AGT TCT
Ser Ser

GAC AGG
Asp Arg

ATC ACA
Ite Thr

GTC ATG
Va! Met

CAG GTG ATG CTA
Gin Vai Met Leu

AGG CTG AGC CAG
Arg Leu Ser GIn

TTE ACC TTA TGG
Leu Thr Leu Trp

L]
TGC CYT CCG CTG
Cys Leu Pro Leu

GCC CCT CCC AGA
Ala Pro Pro Arg

ATC CTC TAT AAG
Ile Leu Tyr Lys

CGG ATA GAG ACA
Arg lle Glu Thr

ACC TCA CTA CAG
Thr Ser Leu Gin

CAG AGC CGC
Gln Ser Arg

CTG
Leu

GCA GCC AGG
Ala Ala Arg

GET
Gly

ACC TCC
Thr Ser

cc6
Pro

GE6
Gly

AAA
Lys

GAC
Asp

CCA
Pro

GGT CCT CTG
Gly Pro Leu

AGT
Ser

GAT
Asp

AAC
Asn

AGC
Ser

T16
Leu

6CC
Ala

GCA
Ala

CAA
Gin

GTG
Val

CCA
Pro

GTC
Yal

AAC
Asn

ATC
lle

GGC TCC AAC TCC AAG TGT
Gly Ser Asn Ser Lys Cys

CTC TGG AAA AAC GCC AAT
Leu Trp Lys Asn Ala Asn

AGA CCC AAG AAC CAG ATC

Arg Pro Lys Asn Gin lle
.

CTG GTC TGC CTA GAG CCC

Leu Val Cys Leu Glu Pro

CAG CTG GTG CCA GGA CAC GAG GGC CTG AGG TGC ACA

Gin Leu Yal Pro Gly His

AAG GCC AGG CCC GTG GAC
Lys Ala Arg Pro Val Asp

GGA ACT CCA GCT CCT GCA
Gly Thr Pro Ala Pro Ala

TGC TTC CAG AAA ACA ACG
Cys Phe GIn Lys Thr Thr

L]
AGC GTG TGT
Ser Val Cys

G5G
Gly

GGC AGC
Gly Ser

CGG TG6
Arg Trp

GBA
Gly

GAG GAG CTA
Glu Glu Leu

L]
CTC TGT ACC
Leu Cys Thr

CAG GAG
GIn Glu

AAG
Lys

CCA
Pro

GTG G6C
val Gly

CTG GCC
Leu Ala

CCA
Pro

CAG GGT
GIn Gly

GAG G6CC
Glu Ala

L]
CTC T6C
Leu Cys

CAG™ AAG
Gin Lys

Glu Gly

CTG GGG
Leu Gly

GAG CTG
Giu Leu

GTC CAG
Val GIn

GAG GEC
Glu Gly
L]

TGC CAA
Cys Gln

C16 TCT
Leu Ser

GGC ACT
Gly Thr

CTA-GTG GAG GTC CAG ATG AAT GGA
Led Val Glu Yal Gln Met Asn Gly

.
TCT ACA GTG TGC CAG CAG CTG GGA
Ser Thr Val Cys GIn Gin Leu Gly

CAA é$A CCC CC6 TGG TCT TTC TCC
Gin Gly Pro Pro Trp-Ser Phe Ser

ACG ACA CCT CTA CCC ACA ACC ACC
Thr _Thr Pro Leu Pro Thr Thr Thr

ATG
Met
.
T6T
Cys
L

AAC
Asn
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.
T6C AGT
Cys Ser

AAA ACG GTG
Lys Thr Val

GGT AAC CCT
Gly Asn Pro

CTG 6EC

Leu Ala Leu
L]

TGC AGC ACA

Cys Ser Thr

AGT TCG
Ser Ser

CCC ACC ACC
Pro Thr Thr

ATG CC6

Met Pro Glu

L]
GGT GTG GTG GAA

Leu Arg Cys Thr Gly Yal Yal Glu

L]
AAC CTC ATC TGT
Asn Leu lle Cys

AAG TCT CTG CAG
Lys Ser Leu GIn

AGG GAC CCC AGG
Arg Asp Pro Arg

CCC TTG CCA ATT
Pro Leu Pro lie

GAG GGC AGC CAG
Glu Gly Ser GIn

GCA CTC GCA GTC
Ala Leu Ala Val

ATC GCT GAA GTT
Ile Ala Glu Val

.
GAG CAG CAG TGT
Glu GIn GIn Cys

CGC CAG AGG TCA
Arg Gin Arg Ser

GGC AAC CTC ATC
Gly Asn Leu le

L]
CAG TGT TAC CAG CTT CAG AAA AAA
GIn Cys Tyr GIn Leu GIn Lys Lys

ATC CTG ACC CTG
tle Leu Thr Leu

GTG GCA AGC
Val Ala Ser

ATC
lle

* *

TAC AAT GGC AGC CGG GGT
Tyr Asn Gly Ser Arg Gly

GGC TCT TTC CTG ACA CAT

Gly Ser Phe Leu Thr His
* *

TGG GAG GCC CAG AAC GGG
Trp Giu Ala Gin Asn Gly

L]
T6C
Cys

TCT GAT TTC CAG CCC
Ser Asp Phe Gln Pro

L
GCT GCC CTG TGT GAC
Ala Ala Leu Cys Asp

T66
Trp

TTC CAT GTG ATG GAT GCT

Phe His Val Met Asp Ala
L]

CAC TGC AAG AGG GTA TTC

His Cys Lys Arg Val Phe

CTC
Leu

CTG GTG GTG CTG ATG
Leu Val Val Leu Met

TAC
Tyr

AAG AAG CTG GTG
Lys Lys Leu Val

AAG
Lys

CAG AGC
Gin Ser

CAG CCT
Gin Pro

AGT GAC
Ser Asp

AAGA
AACTTGGACA
CAAAAGCCAA
<CAGLBAGGTT
TTAATATATC

Fig. 2 (a)j VNliycleotide and predicted amino acid sequence of R5c64 ¢DNA. Numbers at right margin indicate
ositions of amino acids or nucleotides, respectively. The start of the mature protein sequence is

TCT TTC
Ser Pha

CAT
His

AGG
Arg

AAC
Asn

TCT
Ser

GAC CTG CAA

CGA
Arg

cGC
Arg

GTG

Asp Leu GIn Val Ala

AGC CAC ACG GCA ACT
Ser His Thr Ala Thr

GTG
Val

TAT CCA
Tyr Pro

CTG TCG GCT
Leu Ser Ala

GCT CAG AGA

Gln Arg

CTG TAA
Leu sk

AMA TTT
Lys Phe

CGG TCC
Arg Ser

GCT CTG GAA GGG GCC CTA CAC
Ala Leu Glu Gly Ala Leu His Arg Ser Ser Thr

CGT CAG AAG
Arg Gin Lys

AAG CAG CGT CAG TGG
Lys Gin Arg Gin Trp

CAG GTT GAG
Gln Val Glu

AAC
Asn

CCG GCA GCC TCT
Pro Ala Ala Ser

CGC TCT TCC ACA

GGT CCC ACA GGA GTG AAC
Gly Pro Thr Gly Yal Asn

GTG GAC AAT GAG TAC AGC
Yal Asp Asn Giu Tyr Ser

CCT GAC AAT TCC TCT GAC
Pro Asp Asn Ser Ser Asp

ACTTAAGGCC AGCAACAAAG ACCAAGCACA TCCCTCTGTC CTGAGGAAGC ATTTACCACT CTGAGTACTG CCCACTTCCA CCTCAGCCAG
GAAGCCAAGG TCCTTTGGAC AAGGTCCTGG GCCCTGCAGT GGCAGGCCAG CTCCTATATC CTGTGGCCAT GGTAGCCTGG CTGCTTCCTC
AACTCAGCAG ACAGAGCCTT CAAGCAACCG ATCCTTGCAA GCAGAGACCC CAGTATCCAG AGGAGTCCCA ATCCTTTGGG GAGCAATGAC
GACTTTCTCC TTGGACTCTT GACGCCATGA ACGAATGATG TGATACACCC AAGTGGGATA CGTACAAGAA CTCCTTTCTC AAGCATATTT
TTTGTAAATA ATGGTTTTTC TACTTTCCAA GAACATGAGT ACTCCGGGCT GCTGTGTTCA GGCCCATCCT CCCGACCTTC TAAGAGACAT

179

269
37

359
67

443
97

539

629
157

983
277

1879
307

1169
337

1259
367

1348
397

1438
427

1529
457

1565
468

1658
1759
1859
1958

2053
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- detioted+1. The leader peptide and the threonine/proline rich sequence are indicated by a single
underline and the predicted transmembrane domain is indicated by a bold underline. The sites of
pofenﬁal N-linked glycosylation are marked with a pair of asterisks and cysteine residues are
marked by solid circles.
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420 440
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460
SSTOPDNSSDSODYDLOQVYAQGRL
SSTOPDNSSDSDYDLOVAQRL
ssMloPDNSSDSDYDLIHGAGRL

Sapporo Med. J.

Fig. 2 (b) Amino acid sequence alignment of rat (R5c64), mouse (Ly-1), human (T-1) CD5.. Standard one-

letter amino acid symbols are used. Homologous residues to rat are boxed. Numbering above the
that of rat. Gaps are indicated with hyphens. The transmembrane domain (TM) in
the three sequences are matched and underlined.

sequence is
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membrane protein suitable for a receptor for peptides with a calculated molecular mass of 51,048
daltons. Analysis of the hydrophobicity plot of the predicted mature protein revealed a region (residues
345-375) of intense hydrophobicity, so we postulated this region to be a transmembrane segment (Fig.
3). Thus, the mature protein of the rat CD5 is composed of 468 amino acids including an N-terminal
region of 344 residues, a transmembrane segment of 31 residues, and a cytoplasmic region of 93 residues.
There are three potential N-linked glycosylation (Asn-X-Thr/Ser) sites in the extracellular domain at
residues 92, 153, and 216 and two in the cytoplasmic domain at residues 397 and 454. As mentioned
above, the predicted molecular weight of 51,048 is about 16 kd smaller than the value estimated by SDS-
PAGE or Western blotting’®. This difference could be accounted for by the glycosylation at three
potential N-linked glycosylation sites and/or O-linked glycosylation in the extracellular domain. The
extracellular domain is relatively abundant (22 residues) with cysteine but without apparent cysteine
clusters. This domain seems to be divided into two homologous subregions by a 20-residue stretch at
113-132. This short sequence is rich in Threonine and Proline as was discussed by Huang et al'®. A
similar structure is likely to be present frequently in the hinge regions of immunoglobulin molecules?®.

3. 3 Expression of rat CD5 on the surface of

-+ COS cells

To confirm protein coding capacity of R5c¢64,

a full-length cDNA clone, we examined the

{\“WWMWUMW'AVWW antigen expression on COS cells transfected with
\L/\,/\Jj R5c64. The expression vector CDM8 was used to
construct a recombinant R5c64/CDMS. In this
— 125e sos vector, the cDNA is under the transcriptional con-
b , ’ dicted - trol of the CMV/HIV chimeric promoter and is
Fig. 3 Hydrophobicity plot of the predicted rat CD5. ..
Hydrophobicity was calculated according to further followed by the SV40 termination and
Kyte and Doolittle (1982) by using the plot  polyadenylation signals (Fig. 4).
structure _program. Positive values indicate COS7 cells which constitutively expressed
hydrophobic residues, whereas negative val- ; .
ues indicate hydrophilic residues. Note the large T antigen were transfected with Rb5c64/
two hydrophobic regions corresponding to sig- CDMS8 or Mock DNA by using DEAE-dextran

nal sequence and transmembrane domain, i
respectively. ) method, and the surface expression was detected

- with mouse anti-rat (R1-3B3) or mouse anti-
human (Y1) first antibody. The cells were further treated with a FITC conjugated second antibody to
mouse Ig and flowcytometry analysis was done. Fig.5 showed that transfection of the R5c64/CDMS8
yielded strong expressibri of rat CD5 molecules on the surface of COS cells. This finding is consistent
with the fact that mAb: R1-3B3 recognized rat T cell antigen similar to mouse CD5!%.

3. 4 Comparison Withmufine and human CD5 sequences.

Comparison of rat CDS nucleotides and the deduced amino acids sequcences with those of murine
and of human CD5 was performed (Table 1).. Overall the protein sequence of rat CD5 is 84.9% identi-
cal with that of murine CD5 and 64.3% with that of human CD5 after maximum matching of computer
alignment. There seem to be gradients of increasing homology along corresponding domains (Fig. 6) ;
in the comparison between rat and mouse, the first N-terminal subregion (Sh1) has 70.2% amino acid
identity, the second N-terminal subregion (Sh2) has 85.79%, the transmembrane region has 87.1% and
the cytoplasmic region has 96.8% identity, respectively. The similar results are shown in the compari-
son among rat’ and human. All three potential N-glycosylation sites present in rat CD5 are conserved in
very similar pdsi’gions in mouse, and two of them are also conserved in human. In addition, all 22
cysteines in each prOtein are conserved in very similar positions in the three seduences, suggesting that
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Mock R5c64/CDM8
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Cell number

CMV/HIV
promoter

/ T7promoter
Fig. 5 FACS analysis of Rb5c64/CDMS8 transfected
Hindlli COS cells.
Left panel shows a histogram from mock
CDMS8 transfected cells, right panel shows a
EcoRl histogram from R5c64/CDMS8 transfected
cells: The specific mAb (R1-3B3) staining
profile is shown with a dark line and staining
Fig. 4 The map of recombinant expression construct with the negative control mAb (YD) is shown
R5c64/CDM8. with a dashed line.
The direction of transcription is indicated by
arrows. The open white arrow indicates the
insert cDNA.

I
AR

R5¢64/CDM8
5.60 Kb

Xbal

Fiuorescence intensity

CD5cDNA

intrachain disulfide bonds formed between these residues may contribute to a certain domain structure
favorable for ligand binding. Among these species, high homology values are noteworthy especially in
the cytoplasmic region where the homology scores in nucleic acids and in amino acids are reversed.

In additon, a relatively high degree of conservation in 3’ untranslated region of about 500 bp
between rat and mouse, 77.6% homology in nucleotide alignment was observed. It seems that a very
similar regulatory control might be taken in posttranscriptional modification of CD5 messages.

3. 5 Two color staining of Wistar rat mesenteric lymph node cells

Reactivity of R1-3B3 with Wistar rat mesenteric lymph node cells was examined. As demonstrated
before, mAb R1-3B3 was proved to detect rat lymphocyte antigen homologous to human CD5. The CD5
antigen was first recognized as a T cell marker, but later a certain population of normal B cells was
found to express CD5 as well. Cytofluorographic analysis of rat lymphoid cells stained with R1-3B3 and
RLN-9D3 antibodies is depicted in Fig.7. The result demonstrated that a significant population of B
cells (12.3%) bearing RLN-9D3 antigen also expressed R1-3B3 defined antigen, rat CD5. CD5*B cells
were also observed in rat thymus (data not shown).

3. 6 Southern blot analysis ‘

To investigate whether rats have allelic forms of CD5, southern blotting analysis of several inbred
rat strains were performed with the insert of R5c64 as a probe. Restriction fragment length polymor-
phism (RFLP) was detected in digestion of genomic DNAs by Pstl in certain strains. While NIG 1
and ACI rats deleted a 5.5 kb fragment, other strains possessed it (Fig.8). Although further analysis is
required for determining which part of gene fragment was involved in polymorphism, these results clear-
ly demonstrated the existence of two allelic forms of CD5 which have not been clarified with R1-3B3
antibody*?.

4 Discussion

We described the cloning and expression of rat CD5 ¢cDNA and the existence of normal CD5*B cells
in rat lymphoid tissues. High degree of structural homology of rat CD5 to those of other species strong-
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Table 1 Homology values of rat CD5 compared both to mouse CD5 and to human CD5 (% scove) .

ORF | EXT | TM | CYT Sbl Sh2 UT
Rt AA 84.9 81.6 87.1 9.8 70.2 85.7

at-Mouse NA 90.4 88.8 93.5 94.7 83.5 89.8 77.6
AA 64.3 5.9 80.6 89.2 9.0 64.2

Rat-Human NA 72.8 69.2 84.9 85.8 62.1 76.7 55.0

AA; amino acid, NA; nucleic acid, ORF; Open reading frame, EXT; Extracellular domain, TM;
Transmembrane domain, CYT; Cytoplasmic domain, Sbl; Subregionl, Sb2; Subregion2, 3UT; 3
untranslated sequence.

Rat - Mouse Rat - Human ly suggested that previously unidentified ligand

and T cell activating property of rat CD5 may be
very similar to those of mouse and human. By
the computer analysis, the deduced amino acids

% Homology

sequence of rat CD5 reveals a structure typical of
cell surface receptor for polypeptides: it contains

a signal peptide and extracellular, transmem-

ORF Sbt EXT Sb2 TM CYT 8UT ORF Sb1 EXT Sh2 TM OCYT 3UT

B mino acia brane, and intracellular regions. The -extra-

[ nuctete acid

cellular domain is relatively rich in cysteine (22

Fig. 6 Percent homology scores among rat and residues), whereas the cytoplasmic domain has no
mouse and among rat and human are indicat- cysteine. Further, internal homology is found in
ed both at amino acid and at nucleic acid
levels. Black bars represent amino acids . )
homology values, gray bars those of nucleic son of the subregion1 (Sbl) and the subregion 2

the extracellular domain (Fig.9). The compari-

acids, respectively. Each values and the  (gp9) jndicates 25% amino acid identity when
abbreviations used are the same as those of . . L. .
Table 1. alignment is optimized by computer, and cysteines

in each domains are conserved in very similar
positions. This may represent duplication events of an ancestral subdomin during the evolution of the
CD5 molecule. Since the duplication of CD5 subdomain is observed in all species so far characterized, it
must have been occurred before or at a very early stage of mammalian speciation. Similar phenomena
was widely shown in the cases of immunoglobulin supergenefamily®®. Moreover, two of cysteines at
positions 20 and 82 are organized in a manner characteristic of immunoglobulin supergenefamily. As
compared with all protein sequences in the National Biomedical Research Foundation data base, no
remarkable homology was obtained except for the counterparts of murine and human CD5.

The cytoplasmic domain is relatively large as seen in other growth factor receptors such as EGF
receptor?” and insulin receptor?®. A notable conservation in this region is found among rat, mouse and
human suggesting an essential property of this region in the physiologic role of CD5 such as signal trans-
duction. As reported by Huang et al'®, the potential tyrosine phosphorylation site (position 426) sur-
rounded by acidic amino acids [D-N-E-Y-$-Q-P] was well conserved in the three species. The similar
sequence [D-N-E-Y-T-A-R] including the tyrosine autophosphorylation site was referred to be charac-
teristic for the protooncogene c-sr¢ family*® or EGF receptor and PDGF receptor. In additon, there are
also many threonine and serine residues that can be phosphorylated by protein kinase. It is well konwn
that CD5 stimulation induces augmentation of the CD3/antigen mediated production of IL-2 or IL-2
receptor, cell proliferation, Ca?* influx and rapid hydrolysis of inositol phospholipids®®. Protein phos-
phorylation is generally conceived to be the most common post-translational modification used to regu-
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Fig. 8 Southern blot hybridization analysis.

The Pstl-digested genomic DNAs (15 xg)
were hybridized with a radiolabeled insert of
R5c64. Note that 5.5 kb fragments are delet-
ed in NIGIII/Hkm and ACI/Hkm strains in-
dicating allelic variety of RFLP in rats. The
sizes of molecular weight markers are indicat-
ed in kb.

population of B cells expressing CD5.

late various cellular function®®. Indeed, previous studies showed rapid induction of hyperphosphoryla-
tion of CD5 molecule and its higher shift of electrophoretic mobility in normal and lymphoblastoid T and
B cells with stimulation of TPA which is capable of activating serine/threonine protein kinase C*?~3%.
The phosphorylation event in cytoplasmic portions accompanied by signal transduction is frequently
found in receptors for other growth and differentiation factors. Thus, the strong homology of the cyto-
plasmic domain of CD5 implies an important role of this molecule in signal transduction.

Recently, an attractive candidate for the ligand for CD5 have been identified to be CD72 (Lyb-2in
mice) on B cells which was first recognized as a B cell lineage specific marker®*®. CD72 is a 45-kd
glycoprotein expressed at all stages of B cells except for the plasma cells. In accordance with func-
tional studies, antibodies against CD72 could induce proliferation of resting B cells as evidenced by an

increase in size, the mobilization of cytosolic Ca** and by up-regulation of surface Ia expression®”.

Structural analysis of CD72 has revealed a characteristic feature of a type Il membrane protein®®
whose external domain is homologous to that of asialoglycoprotein receptor and CD23 or the low-affinity
Fc receptor for IgE?®.

To date, a number of interacting pairs of molecules have been identified in relation to T-B cognate
interactions. Among them are the T cell antigen receptor (TCR) and the class II MHC molecule on B
cell, the adhesion molecule pairs, LFA-1 on T cell and ICAM-1 on B cell, and CD2 on T cell and LFA-
3 on B cell. Although rat CD72 has hot been identified, the pair of rat CD5 which was first identified by
our study'® and putative rat CD72 could simultaneously mediate distinct activation signals through both
T cells and B cells from the other ligand/receptor pair, even though the functional role of both mole-
cules is uncertain.

We have demonstrated the presence of normal CD5*B cells in the rat peripheral lymph node. Fig.7
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shows that there are 12.3% of a small subset of CD5*B cells clearly distinguishable from the so-called
conventional B cells 7. e. CD5 B cells in the normal mesenteric lymph nodes. In contrast to conven-
tional CD57B cells, a minor population CD5*B cells are well known to have different biological features.
They seem to be responsible for the secretion of autoantibodies mostly of the IgM isotype®®. The num-
ber of CD5'B cells is increased in the autoimmune diseases or rheumatoid arthritis®®, Sjégren’s
syndrome®?, systemic lupus erythematosus®’ and Hashimoto thyroiditis*®. Moreover, its frequent
involvement in B cell leukemias and B lymphomas in both mice and human has also been described*?.
Hence CD5*B cells are likely to be involved in autoimmune responses or in susceptibility to malignant
transformation. Whether they contribute to the pathogenesis of these disorders is still unclear. How-
ever it is conceivable that the interaction of CD5 and CD72 might promote autostimulatory growth sig-
nals of these cells*®. _

Taken together, the data described here further extend the similarity of the cell-lineage specific
expression and the structure of CD5 among rats, mice and humans. It is noteworthy that only a few CD
antigens such as CD4 and CD8 retained a strict tissue specificity in evolution, but others such as CD1 and
CD2, despite of the extreme structural similarity, showed dramatically different patterns of tissue
expression between mice and humans. Particularly high degree of conservation suggested an indispens-
able role of CD5 for differentiation and function of T cells and a minor subset of B cells in mammals.
The availability of a ¢cDNA clone encoding rat CD5 should help to elucidate the function and regulation
of this molecules and to determine as yet unidentified ligand, rat CD72.

5 CONCLUSION

We identified the cDNA structure of rat homologue of CD5 and confirmed its expression on the
transfected COS cells. The structural feature is consistent with a cell surface molecule favorable for
signal transduction. Comparison of the rat CD5 cDNA sequence with those of mouse and of human
showed remarkable homologies especially in cytoplasmic portion. Allelic variation of rat CD5 gene was
observed with RFLP analysis.

1 QSGRGFYGAQVMLSGSNSKCAGL YEY-OMNGMKTYCSSSKRLSODLYKNANEASTYCQQL

¥ ok ok %k ok ok Nk Kk * Mk * L2 3

241 VCSDFQOPKYQSRLVGGSSYCEG]AEVRORSQYAALCDSSAARGPGRY--~-~~- EELCQEQ

60 GCGNPLALGHLTLYNRPKNQILCQGPPYSFSNC-STSSLGACLPLSLYCLEPQK

Aok ke * ok * %k * L

295 QCGNL I SFHYMDA-DRTSPGYLC--TQEKLSQCYQLAOKKTHCKRYF I TCKOPN

Fig. 9 Amino acid sequence alignment of two
homologous subregions of rat CD5. The su-
bregion 1 (Sbl) spans residues1-113 and the
subregion 2 (Sb2) residues 242-347. Identical
residues are indicated by asterisks and gaps
in the alignment are indicated by hyphens.
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