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CD6 is a 105/130 kDa monomeric T cell surface glycoprotein  that has  been shown to play a role in human T cell activation. 
Recently a partial mouse CD6 cDNA sequence  was described. We have isolated full-length cDNA clones including  the initiation 
codon and sequence encoding the full signal peptide, as well as an additional  39 amino acids within  the cytoplasmic domain 
as compared to the previously reported clone. The predicted  full-length mouse CD6 protein contains 665 amino acids  and has 
the features of a type I integral membrane protein. The extracellular domain of mouse CD6 is composed of three repeated 
cysteine-rich domains similar to those in human CD6,  mouse  and human CD5,  and other members of a family  of proteins whose 
prototype is the type I macrophage scavenger receptor. In marked contrast to the previously published human CD6 sequence, 
the mouse  sequence predicts a long cytoplasmic tail that is not closely related to other proteins and possesses two proline-rich 
motifs  containing the SH3-domain binding consensus  sequence, three protein kinase C phosphorylation site motifs, nine casein 
kinase-2 phosphorylation site motifs,  and a serine-threonine-rich motif repeated three times. Northern  blot analysis  revealed 
that mouse CD6 mRNA is  expressed predominantly in thymus, lymph node, and spleen. A polyclonal antiserum was raised 
against  mouse CD6 by gene gun plasmid DNA immunization of rabbits with the mouse CD6  cDNA in an  expression vector. In 
immunofluorescence analysis this polyclonal antiserum positively stained the surface of cells transfected with the mouse CD6 
cDNA in an  expression  vector, as well as most normal mouse thymocytes and peripheral T cells. CD6 protein is expressed on 
most CD4+CD8+ double-positive and CD4+  or CD8+ single-positive thymocytes, and is expressed at highest  levels on mature 
CD3high thymocytes.  The  expression of mouse CD6 in thymocytes and peripheral T cells correlates closely with the expression 
of the related CD5 molecule. The polyclonal  rabbit anti-mouse CD6 Abs immunoprecipitated a major polypeptide of 128 kDa 
from resting and 130 kDa from PMA- and  FCS-activated  mouse thymocytes and lymph node cells; it is likely  that this increase 
in size upon  activation i s  due to phosphorylation of mouse CD6 as  has been described for human CD6.  These data demonstrate 
that mouse thymocytes and T cells express a 130-kDa cell surface protein homologous to human CD6. The Journal of 
Immunology, 1995, 155: 4739-4748. 

H uman CD6 is a T cell surface glycoprotein that is ex- 
pressed at high levels by peripheral blood T cells and 
medullary thymocytes, and is also expressed by cortical 

thymocytes, a  small fraction of peripheral blood B cells, some B 
cell chronic lymphocytic leukemias, and some cells of the brain 
(1-7). Most human CD6-specific mAbs can enhance T cell pro- 
liferation induced by suboptimal doses of CD3-specific mAb, but 
with other methods of T cell stimulation, mAb specific for distinct 
CD6 epitopes have been shown to have different activation prop- 
erties (5 ,  8-12). For example, the human CD6-specific mAb T12 
stimulates T cell proliferation in a macrophage-dependent (and 
IL-2-dependent) fashion and is minimally co-mitogenic with PMA 
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(10); mAb UMCD6 is also macrophage dependent but is syner- 
gistic with PMA (11); mAb 2H1 can stimulate T cell proliferation 
in conjunction with a CD2-specific mAb (anti-T1 13) or PMA and 
is macrophage independent (5 ,  9). Serine and threonine residues in 
the cytoplasmic domain of human CD6 are constitutively phos- 
phorylated in resting T cells (9, 13-15), and activation by anti- 
CD3 mAb cross-linking induces phosphorylation of tyrosine and 
hyperphosphorylation of serine residues (15). The CD6-specific 
mAb T12 has been used successfully as an immunosuppressive 
agent for patients undergoing kidney or bone marrow allograft 
rejection and to purge donor bone marrow T cells prior to al- 
logeneic bone marrow transplantation (2, 16, 17). CD6-specific 
mAbs have been shown to partially inhibit interaction of thymo- 
cytes with thymic epithelial cells  (18), and human CD6  was re- 
cently shown to bind to the 100-kDa activated leukocyte cell ad- 
hesion molecule (ALCAM)3 expressed on  the surface of thymic 
epithelial cells (19, 20). 

As a type I integral membrane glycoprotein, human CD6 exists 
on the cell surface as  a 105- or 130-kDa monomer with intrachain 
disulfide bonds (9, 13, 14, 21, 22). The size difference between 

' Abbreviatlons used in this paper. ALCAM, activated leukocyte cell adhesion mol- 
ecule; SRCR, scavenger receptor cysteine-rich domains; PKC, protein kinase C. 
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these  two  forms is due  to  differences in phosphorylation (14). Ac- 
tivation  of  human PBLs with PMA and FCS results in the  hyper- 
phosphorylation  of CD6 on serine residues  and  is  accompanied  by 
an  increase of the  130-kDa  form  and a relative  decrease  of  the 
105-kDa  form (14). Aruffo  et  al. (22) isolated a human CD6 cDNA 
(CD6-15) encoding a mature  polypeptide  of 444 amino  acids  from 
an HPB-ALL cDNA library.  Transient  transfection  of this clone 
into Cos cells  yielded surface expression  of a 90-kDa  polypeptide 
(22); the size of this  encoded  protein was notably  smaller  than  the 
105- and  130-kDa  wild-type CD6 polypeptide immunoprecipitated 
from  human PBLs (9, 13, 14, 21) or  from HPB-ALL (22). Human 
CD6 is heavily  glycosylated  (primarily  N-linked  sugars)  and  con- 
tains a polysulfated  0-linked  oligosacharide (13), and  Aruffo  et  al. 
(22) attributed  the  difference  in  molecular  mass  between  their 
transfected  human CD6 cDNA product  and  wild-type CD6 to  in- 
complete  glycosylation (23). Human CD6 is homologous  to CD5 
and  to  the  family  of  proteins  containing  cysteine-rich  domains  de- 
fined  by  that of the  type l macrophage  scavenger  receptor (22). 

Recently  Whitney  et  al.  reported a  partial  mouse CD6 cDNA 
sequence (24) missing the sequence encoding  the  amino-terminal 
portion of the signal peptide as well as part of the  cytoplasmic 
domain,  but  to  date mouse CD6  has  not  been  serologically,  bio- 
chemically, or functionally  characterized. We have used  the  hu- 
man CD6-15 cDNA probe to  isolate  homologous  full-length 
mouse CD6 cDNA clones. The  predicted  full-length  mouse CD6 
protein sequence from  these  clones is similar  to  that of human 
CD6-15 (22) in its  signal  sequence,  extracellular  domain,  and 
transmembrane  domain.  However,  the  predicted  cytoplasmic  do- 
main possesses 243 amino acids  as  compared  with  the 44 amino 
acid  cytoplasmic  domain  reported  by  Aruffo  et al.  (22)  for  human 
CD6-15.  This  long  cytoplasmic  domain of mouse CD6 bears no 
striking homology to  other  described  proteins. We show that CD6 
mRNA is expressed  by  mouse  lymphoid  tissues. We used gene gun 
DNA immunization  to raise a  rabbit  polyclonal  antiserum  highly 
specific for  mouse  CD6.  We  have  used  this  antiserum  to  immu- 
noprecipitate  the mouse CD6 protein  from  the  surface of transfec- 
tants  expressing  the  mouse CD6 cDNA as well as from  the  surface 
of  mouse  thymocytes  and  lymph  node  cells.  We  have also used  this 
antiserum  to  demonstrate  expression  of  CD6  protein on the  cell 
surface  of  mouse  thymocytes  and  peripheral T cells. 

Methods and Materials 
Isolation of mouse CD6 cDNA clones by hybridization 

The  1.2 kb NspI-EcoRI fragment from the human CD6  cDNA clone 
CD6-15 (22), representing nucleotides 121 to 1349, was used to screen a 
cDNA library generated in the Lambda-ZAP I1 vector (Stratagene, La 
J o b ,  CA) from thymocyte mRNA of BALBic and C57BL/6 mice by 
J .  Jorgensen and M. Davis (Stanford University, Stanford, CA). The hy- 
bridization probe was labeled with 3zP using the random hexamer priming 
method (25), and plaque hybridization was performed at 42°C in 40% 
deionized formamide, 4X SSC, 20 mM Tris-HC1 (pH 7.5), 1X Denhard's 
solution, 0.1% SDS, 10% dextran sulfate, and 20 pgiml herring sperm 
DNA. The filters were washed at room temperature in 2X SSC/0.05% SDS 
followed by  0.1 X SSC/0.05% SDS at 50°C. After three rounds of screen- 
ing, six positively hybridizing plaques were excised in the Bluescript 
phagemid using the helper phage ExAssist (Stratagene) as recommended 
by the manufacturer. The cDNA inserts of these phagemid clones range in 
size from 1.4 to 3.0 kb, and all represent overlapping clones of mouse CD6 
based on nucleotide sequence analysis. The two largest clones, mouse 
CD6-4 and CD6-6, were sequenced fully in both directions using the 
dideoxy chain-termination method (26). 

Northern blotting 

The 1.4-kb Xhol-EcoRI fragment representing nucleotides 1 to 1380 of 
mouse CD6-4 was labeled with 32P by random hexamer priming (21) and 
used as a hybridization probe. The multi-tissue Northern blot was obtained 
from CloneTech (South San Francisco, CA). Using RNAzol (Cinna/Bio- 

tecx, Friendswood, TX), total RNA was isolated from single-cell suspen- 
sions generated from mouse spleen, thymus, lymph node, and bone marrow 
as well as from the following cell lines: the CD4+ T cell lymphoma line 
C6VL obtained from J .  Allison (University of California at Berkeley, 
Berkeley, CA) (27), Gross leukemia virus transformed early T cell lines 
KKA (Thy-1+,  CD4-, C D K ,  CD3-) and KgV (Thy-1+,  CD4-, C D K ,  
CD3+) obtained from K. Blank (University of Pennsylvania, Philadelphia, 
PA) (28), the CD8+ T cell lymphoma line Eb288 (29), as well as the 
thymoma cell line ELA, the mature B cell lymphoma line WEHI-231, and 
the  differentiation-inducible  mature  B  cell  leukemia  lymphoma  line 
BCL,  obtained from the American  Type  Culture  Collection  (Rockville, 

described  (30). 
MD).  Northern  blotting  and  hybridization  were  performed as previously 

Transfection of NB2 cells 

NB2-6TG (NB2) is a rat T cell line obtained from H.  WdIdmdnn (Univer- 
sity of Cambridge, Cambridge, GB). The 2Y7Y-bp mouse CD6-4 cDNA 
was subcloned into the Xhol restriction enzyme site of the pBJ-neo ex- 
pression vector (31). Transfection of NB2 cells with pBJ-neo-mouse 
CD6-4 cDNA expression constructs was performed by electroporation us- 
ing a Bio-Rad (Richmond, CA) gene pulser at 675 V/cm and 960 p F  
according to the manufacturer's instructions. CD6 cDNA transfectants 
were selected by growth in the presence of 1.2 mgiml (3418 (Life Tech- 
nologies, Inc., Grand Island, NY). 

Preparation of polyclonal rabbit antiserum 

Polyclonal antiserum to mouse CD6 was raised using a gene gun to inoc- 
ulate rabbits with a CD6-expressing plasmid DNA (32-34). The CD6- 
expressing plasmid DNA was constructed by inserting a PCR-amplified 
fragment representing the coding region of mouse CD6-4 into the Hind111 
and  BnrnHI sites of the pJW4303 expression vector (5' PCR primer: 5'- 
TATATAAGCTT%GCAGGCGTGAGTAGCAGTGG-3', derived from 
the 5' untranslated region and containing an added Hitzdlll restriction en- 
zyme site, and 3' PCR primer: 5"GGCGGATCCGAGTGAGATAAGGC 
CTCAGGG-3', derived from the 3' untranslated region and containing an 
added BarnHI restriction enzyme site). The pJW4303 expression vector 
was the generous gift of J. Arthos (Department of Microbiology and Im- 
munology, Stanford University, Stanford, CA) and contains the cytomeg- 
alovirus immediate early promoter and the bovine growth hormone gene 
polyadenylation sequence (35). The gene gun inoculations consisted of 40 
shots of 0.5 kg of 0.95-mm gold beads coated with 1.25 pg  of pJW4303- 
CD6-4 DNA. DNA  was precipitated onto the gold beads using spermidine 
and calcium as dcscribed by Fynan et al. (32). Shots were delivered to 
abdominal skin at 450 psi using the helium pulse Accell gene delivery 
system (Agracetus, Middleton, WI). The abdominal epidermis was pre- 
pared by shaving. Sera were collected prior to immunization (preimmune 
serum) and 4 wk following a 40-shot vaccination (polyclonal CD6-specific 
antiserum). 

Immunofluorescence analysis 

One million transfected or untransfected NB2 cells were stained with a 
l/lOO dilution of preimmune rabbit serum or the rabbit anti-mouse CD6 
antiserum, followed by FITC-conjugated goat anti-rabbit IgG-specific Ab 
(Tago, Burlingame, CA). One million thymocytes or lymph node cells 
from a C57BL/6 mouse (The Jackson Laboratory, Bar Harbor, ME) were 
stained with 0.5 pg of protein A-Sepharose-purified preimmune rabbit se- 
rum Ab or protein A-Sepharose-purified rabbit anti-mouse CD6 Ab fol- 
lowed by phycoerythrin-conjugated CD3-, CD5-, CD4- or CDR-specific 
mAb (PharMingen, San Diego, CA). Immunofluorescence was determined 
by analysis on a modified FACScan (Becton Dickinson, Mountain View, 
CA)  FACS. 

Cell-surface iodination and immunoprecipitation 

Thymocytes and lymph node cells were activated with 20 ng/ml  PMA  and 
10% FCS for 2  h at 3 7 T ,  and resting cells were kept in 5% FCS for 2 h 
on ice. Twenty million untransfected and mouse CD6-4 transfected NB2 
cells as well as 3 X lo7 thymocytes and lymph node cells were surface 
labeled with 0.5 mCi "'1 (1 mCi = 37 GBq, Amersham, Arlington 
Heights, IL) using the lactoperoxidase method as previously described 
(30). Cells were washed in PBS and lysed in 0.5 ml lysis buffer (1% 
Nonidet P-40, 10 mM Tris-HC1 (pH 7.5), 1 mM EDTA, 0.15 M NaCI, 1 
mM PMSF, and 1 mM iodoacetamide). NB2 cell lysates were precleared 
twice with 12 p1 preimmune rabbit serum followed by protein A-Sepha- 
rose. Mouse CD6 was then precipitated by adding 12 pl rabbit anti-mouse 
CD6 antiserum followed by 150 pI 10% protein A-Sepharose for 1 h at 
4°C. Thymocyte and lymph node cell lysates were precleared with  15 pg  
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protein  A-Sepharose-purified  preimrnune  rabbit  serum  Ab  and  precipitated 
with  rabbit  anti-mouse  CD6  Ab.  The  precipitates  were  washed  five  times 
as previously  described (30). Half  of  each  sample  was  resuspended in 1X 
loading  buffer  containing 1% 2-ME (reducing)  and  the  other half in 1X 
loading buffer without 2-ME (nonreducing), and the  samples  were  elec- 
trophoresed  on 8% SDS-polyacrylamide  gels. The gels  were  dried  onto  What- 
man  chromatography  paper  (Whatman International  Ltd.,  Maidstone, 
England) and the protein  bands  were  detected by autoradiography. 

Results 
Isolation and sequence of cDNA clones encoding 
mouse CD6 

To isolate the mouse homologue of human CD6, we screened a 
cDNA library constructed from RNA isolated from mouse thymus. 
We used a 5' coding  sequence fragment of the human CD6-15 
cDNA  clone  (22)  as a hybridization probe and low stringency 
wash conditions. After three successive rounds of screening, six 
positively hybridizing plaques were  chosen  for restriction enzyme 
analysis and nucleotide sequencing and were excised into the 
Bluescript vector using the helper phage ExAssist. Nucleotide se- 
quence analysis revealed that all six  clones  were overlapping, and 
the two longest clones, mouse CD6-4 and mouse CD6-6, were 
sequenced fully in both directions. Mouse CD6-4, the longest 
clone, contains 2979 bp, which corresponds well with the 3-kb 
mRNA we have identified in mouse tissues (see below). This clone 
contains an open reading frame  coding  for a 665 amino acid 
polypeptide chain containing the typical features of a type I mem- 
brane protein (Fig. 1). A 24-amino acid NH,-terminal signal  se- 
quence is predicted by the method of Von Heijne (36). Removal of 
this NH,-terminal signal sequence results in a mature protein of 
641 amino acids with a predicted m.w.  of 70 kDa. The predicted 
372-amino acid extracellular domain possesses eight possible N- 
linked glycosylation sites (Asn-X-Ser/Thr with X representing a 
nonconserved residue). Like mouse and human CD5 and like hu- 
man CD6, mouse CD6 possesses three repeated extracellular do- 
mains of about 100 amino acids (SRCR-l, SRCR-2, and SRCR-3) 
(Fig. l ) ,  each of which is homologous to the cysteine-rich domain 
of the macrophage scavenger receptor type 1 (SRCR) family of 
proteins (22, 37, 38). 

Mouse CD6-4 also encodes a 26-amino acid hydrophobic mem- 
brane-spanning domain and a 243-amino acid cytoplasmic domain. 
We used the Quest program to search the cytoplasmic domain of 
mouse CD6  for  sequence motifs present in the Prosite 12 database 
(IntelliGenetics, Mountain View, CA). We found three motifs con- 
taining the PKC phosphorylation site consensus sequence (39) and 
nine motifs containing the casein kinase-2 phosphorylation site con- 
sensus sequence (40) (Figs. 1 and  2). There are 10 tyrosines, 9 
threonines,  and 32 serines in the cytoplasmic domain of mouse CD6. 

Visual inspection of the predicted cytoplasmic tail of mouse 
CD6-4 revealed a serine-threonine-rich amino acid motif repeated 
three times with the consensus sequence Asp-Ser-Ser-Ser/Thr-Y- 
Ser-X-X-Glu-X-Tyr (X represents a nonconserved residue, and Y 
represents a nonconserved residue or a gap in the alignment) at 
amino acid positions 475, 559, and 614 (Figs. 1 and 2). The  cy- 
toplasmic domain contains the proline rich sequences Cys-Pro- 
Gly-Pro-Pro-Gly-Pro-Gln at position 641 and Gln-Pro-Pro-Pro- 
Gln-His-Pro at position 628, which contain the class I SH3 
domain-binding consensus motif X-Pro-X-Pro-Y-X-Pro (X repre- 
sents a nonconserved residue, and Y represents proline or a non- 
conserved residue) (Figs. 1 and 2) (41). We also identified the 
Tyr-Asp-Asp-Ile  motif  that could represent a target for binding of the 
SH2 domain of  c-jgr or a different Src kinase family member  (42). 

Mouse CD6-4 possesses 144 nucleotides of protein-coding se- 
quence not present in the previously reported partial mouse CD6 
cDNA  sequence  (24) (Fig. 1). This coding sequence includes 27 

nucleotides containing the initiation codon and encoding the first 9 
amino  acids of the protein (Figs. 1 and 2); two of these amino acids 
are not conserved in human CD6 (Fig. 2). This additional coding 
sequence also includes 117 nucleotides encoding 39 amino acids 
starting  at amino acid position 461 in the cytoplasmic domain. 
These 117 nucleotides correspond to an exon in the mouse CD6 
gene, and the mouse CD6 cDNA clone of Whitney et al. (24) most 
likely resulted from splicing out of that exon (24). Notably, se- 
quence corresponding to this exon is present in full length human 
CD6 cDNA (42a). Mouse CD6-4 also possesses 158 nucleotides of 
5' untranslated region and 124 nucleotides of 3' untranslated re- 
gion not present in the reported (24) partial mouse CD6  cDNA 
sequence (Fig. 1).  The additional 3' untranslated region sequence 
contains a potential, although not perfect, polyadenylation signal 
sequence ATTAAA near the 3' terminus at position 2963. 

Of the shorter clones, mouse CD6-6 lacks  462 nucleotides that 
encode part of the cytoplasmic domain and the 3' untranslated 
region of mouse CD6-4, from position 1828 to 2289 of mouse 
CD6-4, and  is otherwise identical in nucleotide sequence to mouse 
CD6-4 (Fig. 1). Mouse CD6-6 contains an open reading frame 
coding  for a polypeptide of 565 amino acids (Fig. 1). In constrast 
to the predicted 243-amino acid cytoplasmic domain encoded by 
mouse CD6-4, mouse CD6-6 encodes a 143-amino acid residue 
cytoplasmic domain, the last nine residues of which distinguish it 
from that encoded by mouse CD6-4 (Fig. 1). 

Comparison of mouse and human CD6 protein sequences 

We compared the amino acid sequence predicted from  the mouse 
CD6-4 cDNA clone with that of human CD6-15 (Fig. 2). The 
sequences are highly conserved with 68% identical amino acid 
residues overall (316 identical residues/468 total residues includ- 
ing gaps  in the alignment and including only the first 44 amino 
acids of the cytoplasmic domain). In the extracellular domain, the 
SRCR-2 and SRCR-3  are the most highly conserved domains with 
85%  (88/104) and 79% (80/101) identity, respectively, while the 
membrane distal SRCR-1 domain has only 56%  (64/115) identity 
between mouse and human. In each of the SRCR domains of 
mouse CD6 the six cysteine residues shared by the other members 
of the SRCR family are all conserved, as  well  as the two additional 
cysteine residues unique to CD5 and human CD6 (22,37,38). Two 
single amino acid gaps  in the alignment are present in the extra- 
cellular domain, located in the SRCR-1 domain and in the region 
between SRCR-3 and the transmembrane domain. Both of these 
regions with gaps in  the alignment are not as highly conserved as 
the SRCR-2 and SRCR-3  domains (Fig. 2). Six of the eight po- 
tential sites for N-linked glycosylation present in the extracellular 
domains of both mouse and human CD6 are conserved (Fig. 2). 
The transmembrane domains of mouse and human CD6 exhibit 
69% (18/26) identity and the first 44 amino acid residues of the 
cytoplasmic  domains 59% (26/44) identity. 

Expression of mouse CD6 mRNA in lymphoid cells 

On Northern blot analysis the 1.4 Kb 5' XhoI-EcoRI fragment 
from mouse CD6-4 hybridized to a 3.0-kb mRNA species  ex- 
pressed in thymus, lymph node, spleen, and the CD4+ T cell  lym- 
phoma line C6VL (Fig. 3). Substantially lesser amounts of this 
same mRNA species  was present in RNA isolated from lung and 
skeletal muscle (Fig. 3A) (note, Fig. 3A was highly overexposed to 
highlight the fainter bands in tissues other than spleen). CD6 pro- 
tein is reported to be expressed in human brain (7),  and we found 
a faint band representing a 2.4-kb species in RNA isolated from 
mouse brain (Fig. 3A). No hybridizing mRNA  was detected in 
liver, kidney, testis, bone marrow, the Abelson-transformed pre-B 
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M ~ C ~ . C O ~ M M O U ~ ~ " ~ ~ ~ ~ M ~ ~ ~ W T C T C C C ~ ~ M ~ U ~ C T A ~ ~ ~ A ~ - ~ ~  151 

Met T r p   L o u  Pho L e u   G i y  IIe A l a   G l y  Leu L e u   T h r   A 1 8   V a l  Leu Ser G l y   L e u  Pro SOT P r o  A l a  Pro Ser G l y   G l n  His L y s   A s n   G l y   T h r  I le pro A s n  Met T h r  36 
A C U M C  A T 0  ¶QO fK m ETT 030 ATC OCT 001 TTG CTC ACA GCA DPT CTC TCA GGT CTC CCA TCT CCA GCC  CCC  TCT FGC CAG CAC IIM ?AT GCC ACC AT? CCG AAC ATC ACC 266 

LBU ASP L e u  Glu G1u A r g   L e u   G l y  110 ~ n g  L e u   V a l   A s n   G l y  Ser ser ~ r g  C y 6  S ~ T  ~ l y  ser va1 LYS val LOU L ~ U  G ~ U  ser ~ r p  ~ l u  pro val C ~ E   la ~h n i s  ~ r p  AD" 74 

ss <- I  

I - 5 SRCR 1 

TTG GAC CTA GAG  GAG CGG CTG GGG ATT CGC CTG GTG AAC GGG AGC AGI CGC TGC AGC GGA TCT GTG AAG GTT CTA  CTG GAG TCC TGG GAG CCT GTG T G I  GCG GCA CAC TGG AAC 380 

AGG GCT GCT ACG  GAG GCT GTG TGC AM GCG CTG AAC TGT  GGI GAT TCG GGA AAG G m  ACC TAC CTG ATG CCA CCC ACC TCT GAG CTT  CUI  CCA GGA GCC Aff  TCT GGG hAC ACA 494 
A r g   A l a   A l a   T h r   G l u   A l a   V a l  CYS L y 6   A l a  Leu A s n   C y 6   G l y   A s p  Ser G l y   L y S   V a l   T h r   T y r  Leu H e t  Pro Pro T h r  Ser G l u  Leu Pro Pro G l y   A l a   T h r  Ser G l y   A n n  Thr 112 

SOT SOT A111 G l Y   A 8 n   T h r   T h r   T r p   A l a   A r g   A l a  Pro T h r   G I U   A r g   C y 6   A r g   G l y   A l a   A 6 n   T r p   G l n  Phe C y s   L y s   V a l   G l n   A s p  G ln  G1U Cys Ser Ser A 6 p   A r g   A r g  LQU Val 150 
AGC AGC GCC GGC AAT ACG ACG TGG GCG CGG GCA CCA ACT GAG  AGA TGC AGG GGA GCC AAT TGG CAG TTC  TGC AAG GTG CAG  GAC  CAG  GAG TGT AGC A K  GAC AGG CGG CTG GTG 608 

T r p   V a l   T h r  CYS A l a  G1U A S n   G l n   A l a   V a l   A r g  L e u  V a l   A S P   G l y  Ser SBT A r g   C y S   A l a   G l y   A r g   V a l  G1U Met Leu G l u  H i s  G l y  Glu T r p   G l y   T h r   V a l  Cys A s p   A S P   T h r  188 
TGG GTC ACC TGT GCA GAG AAC CAA GCA GTG C ' X  TTA GTG GAT GOT AGC  AGC CGC T D I  GCT GGC CGA GTG GAG ATG CTG GAG CAT GAA T U :  GOT ACC CTG TGC GAC CAC A S  722 

T r p   A s p   L e u   G l n   A s p   A s p  His V a l   V a l  Cys L y s   G l n  Leu L y s   C y s   G l y   T r p   A l a  Val L y s   A l a  Lou A h  G l y  Leu H i s  Phe T h r  Pro G l y   G l n   G l y  Pro I l e  His A r g   A s p   G l n  226 
TGG GAC  CTG CAG GAT GAC CAC  CTA GTG T G I  AAG CAA CTG AAG TGC GGC TGG GCA GTG AAG GCG CTG cfic GGC TTG  CAC  TTC ACC CCA Goc C M  GGA CCC  ATC  CAC  CGC GAT CAG 036 

V a l   A s n  Cys SOT G l y   T h r  G1U A l a  Tyr Lou T r p   A s p  Cy6 Pro G l y  A q  Pro G l y   A s p   G l n  Tyr Cyn G l y  Hie L y s   G l u   A s p   A l a   G l y   V a l   V a l   C y s  Ser G l u  H i 6  G l n  Ser T r p  264 
SRCR 2 < - I - >  SRCR 3 

GTG AAC TGC  TCT Goc ACT GAG GCI TAC CTG T ' X  GAC TGC CCG GGA CGG CCA GGA GAC CAG TAC TGI GGT CAC AAG  GAG  GAC GCA GGA GTG GTG TGC TCA GAG CAC CAG TCC T'X 950 

SRCR 1 <-I-> SRCR 2 

A r g   L e u   T h r   G l Y   G l y  Ile ASP S O I  CyS G1U G l Y   G l n   V a l  G1U V a l  Tyr Phs A r g   G l y   V a l   T r p  Ser T h r   V a l   C y S   A s p  S e r  Glu T r p  WPyr Pro Ser C l U   A l a   L y s   V a l  LOU C y s  302 
COC  CTG  ACT GGA GGC ATT GAC TCC  TGC G M  Goc CAA GTG GAA GTG TAC  TTC CGG @X GTC Tm AGC A S  GTG TOP GAC AGC GAG TOG  TAC CCA TCT GAG GCC A M  GTG C K  TG'C 1064 

A r g  Ser Leu C l y  WE Gly Ser A l a   V I 1   A l a  A q  Pro A r g   A l a   V a l  Pro His Ser L e u   A s p   G l y   A r g  Met Tyr T y r  Ser C y s   L y s   G l y   G l n  Glu Pro A l a   L e u  Ser T h r  CY6 Ser 340 
CGG TCC  TTG C G I  TGC GGA TCA GCA GTG GCT CGG CCC AGG GCG GTG CCA CAC TCC  CTG GAC GGI AGA ATG  TAC  TAC  TCC  TGC A M  ocJ\ CAG GAG CCC GCC CTC AGC ACC TGT  TCC 1178 

T r p   A r g  Phe A n n   A s n  SOT A m   L e u  Cys Ser Gln  Ser A r g   A l a   A l a   A r g   V a l   V a l  Cys Ser G l y  Ssr G l n   A r g  Hlc L e u   A m   L e u  Ser T h r  SOT Glu V a l  Pro Ser A n g   V a l  Pro 378 
TOG CGG TTC AAC M C  TCC M C  CTG TGC AGC CAG TCG CGG GCA GCC AGG GTT GTC TGC  TCA GGC TCC CAG A 0 1  CAT  CTC AAT CTG  TCT ACT TCT GAA GTG C f f  TCC AGA GTT CCA 1292 

SRCR 3 < - I  

V a l   T h r  I l e  G l u  SOT Ser V a l  Pro Val  Ser Val L y 6   A s p   L y s   A s p  ser G l n   G l y   L e u   T h r   L e u   L e u  I l e  Leu c y s  I l e  V a l   L e u   G l y  Ile Leu L e u   L e u   V a l  ser T h r  I le Phe 416 
G K  ACG ATA GAA TCT  TCT GTG CCG GTO AGC GTG AAG GAT AAG GAC TCA CAA GGG CTG ACA CTT  CTC  ATT  CTC  TGI  ATT GTC CTG GGA ATT  CTC  CTC  CTC GTC TCC ACC ATC  TTC 1406 

I T A  C T I  ATT CTT CTC TTG AGA Cm AM CAA TAC GCC CTC  CCT GCT TCA GTG AAC CAC CAG CAA CTG TCT  ACT CCC  AAC CAA GCA GGC ATC AAT AAC TAC  CAT  CCT GTC CCT 1520 
110 V a l  I l e  Leu LOU Leu A r g   A l a   L y S   G l y   G l n  Tyr A l a   L e u  Pro A l a  Ser  V a l   A s n  Hie G l n   G l n  Leu Ser T h r   A l a   A m   G l n   A l a   G l y  I10 As" A s n  Tyr Hie Pro V a l  Pro 454 

H 2  2 s 2  
Ile T h r  11s A l a   L y s  G l u  A l a  P m  Met Leu Pho 110 G l n  PIO A r g   V a l  P m  A l a   A s p  Ser A s p  Ser Sar Ser A s p  Ser A s p  Tyr G l u  His Tyr A s p  Phe Ser ser Gln Pro Pro 492 
ATC ACC ATT CCC A M  GAA GCT AT0 El0 T l C  ATC U O  CCC COO U?X CCT OEI GLC TCO M E  TCC M T  TCT QAC TCC GLC TAT QAO U C  TAT (YC TX A W  TCC U O  CU CCT 1634 

V a l   A l a  Leu T h r   T h r  Phe Tyr A m  SOT G l n   A r g  His A r g   V a l   T h r  G1U G l u  Glu A l a   G l n  G l n  A m   A r g  Pho G l n  Met Pro Pro Leu G l u  Glu G l y   L e u  G1U G l u  Leu His Val  530 
Om OCC CN ACE ACC TfC TAC U T  TCC CAG CGA CAC CGG G I C  ACA  GAG GAG G M  GCT CAG CAG M C  A% TTT CAG ATG CCA CCC  TTG GAG GM GGA CTT GM GAG CTG CAT G I T  1748 

C 2 

Ser H i s  I10 Pro A l a   A l a   A s p  Pro A r g  P m  CYP V a l   A l a   A s p   V a l  PTO Ser A r g   G l y  SBT G l n  Tyr H l s  V a l   A r g   A s n  A s n  S O r  A s p  Ser S B T  T h r  SOT S e i  G l u   C l U   G l Y  Tyr 568 
TCC  CAC  ATC CCA GCG GCT GAC CCC AGA CCC T G I  GTG GCA GAT GTC CCC TCT CCG Goc TCT CAG TAC CAC GTG AGG  AAC A AC ACT GAT TCC AGC ACC TCC  TCT GAG GAG u;C T I C  1862 

I - >  Y s 2 2  

C  C 
Cys A m   A s p  Pro Ser  Ser L y s  Pro Pro  Pro T r p   A s n  Ser G l n   A l a  Phe Tyr Ser G l u   L y s  ser Pro Leu T h r   G l u   G l n  Pro Pro A m  Leu G l u   L e u   A l a   G l y  SOT pro A l a   V a l  
TGC AAT GAT CCC AGC AGC M G  CCA CCT CCA TGG AAT TCC CAG GCG TTT  TAT  TCT GAG  AAG AGI CCC  CTC ACA GAG CAG CCC  CCC AAC TTG GAA CTG Gff GGC TCT CCG GCA GTG 

2 s 2 P  P 
Pho sor G l y  Pro Ser A l a   A s p   A s p  Ser Ser Sor T h r  S e r  Ser G l y   G l u   T r p  Tyr G l n  A m  Phe C l n  Pro Pro  Pro G l n  His Pro Pro A l a   G l u   C l n  Phe Glu  c y 5  Pro G l y  Pro 
TTT  TCA GGG C W  TCA GCC GAT GAC AGC TCC AGC ACC TCA  TCC GGA GAG TGG TAC CAG AAC TTC CAG CCA CcI\  CCC CAG CAT  CCT CCA GCA GAA CAG TTC GAA T G I  CCA GGA CCC 

2 Y 
Pro G l y  Pro G l n   T h r   A s p  Ser I18 A s p   A s p   A s p  Glu G l u   A s p   T y r   A s p   A s p  I l e  G l y   A l a   A l a  TER 
CCT G K  CCC CAA  ACA  GAC TCC  ATT GAT GAT GAT GAG  GAG GAT TAC GAT GAC ATC GGT GCA  GCC TAG C~GCCCCGAOCCTGGCTGGCCCCT~CTCTGCTCTCTTGITCTAGCCCCTAGCAGA 

H ( - 1  

GGTGGMGGGIGGGCATTCTCCCAG~CCTCATrrTC~CCCATTGATTAACCTGCAGGAGCCC~CA GA A m   C M  AGC CAG TGG T G I  GAG  AGC TGA GTCCTGGTTGMCAMCAGCTWXCACTTffTGWAG 
A r g   A r g  G ln  Ser G l n   T r p   C y s  G1u Ser TER 
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FIGURE 1. Nucleotide  and  predicted  amino  acid sequences of mouse CD6  cDNAs.  Nucleotide sequence not present in the  previously  reported 
mouse CD6  cDNA  (24) is indicated in  bold typeface and  includes:  the first 27  nucleotides  of  coding sequence including the initiation  codon  and 
encoding  the first 9  amino acids of the signal peptide, 11  7 nucleotides  encoding 39 amino acids in the  cytoplasmic  domain, the 158  nucleotides 
of 5 '  untranslated region, and  124  nucleotides  of 3' untranslated region. The following  predicted  domains are indicated: NH,-terminal signal 
sequence (SS), the three scavenger receptor cysteine rich  domains (SRCR-1,  SRCR-2, and SRCR-3), and the transmembrane region (overscored). 
The position  corresponding  to the location  of the termination  codon for human  CD6-I  5 is indicated  by  an  H  (amino  acid  position  467). The 
potential  polyadenylation signal sequence ATTAAA is underlined. The mouse CD6  cDNA  clone  CD6-4 encodes the depicted  665  amino  acid 
protein. The mouse CD6  cDNA  clone  CD6-6 lacks 462  nucleotides  between  positions  1828  and  2289 as indicated  by  a # and encodes a 565 
amino  acid  protein  with  the  indicated  distinguishing  nine  carboxyl-terminal  amino acids. Two  proline-rich sequences that  contain the SH3- 
domain-binding consensus motif X-Pro-X-Pro-Y-X-Pro are indicated  by Ps. The three Asp-Ser-Ser-Serflhr-Y-Ser-X-X-Glu-X-Tyr motifs are indicated 
by Ss. The Tyr-Asn-Asn-lle  motif is indicated by a Y.  The nine  motifs  containing  the casein kinase-2 phosphorylation site consensus sequence 
Serflhr-X-X-Asp/Glu are indicated  by 2's. The three  motifs  containing  the PKC phosphorylation site consensus sequence Serflhr-X-Arg/Lys are 
indicated by Cs. The accession number  of  our mouse CD6-4  cDNA sequence is U37543  and of our mouse CD6-6  cDNA sequence is U37544 
at the sequence data base  at the National Center for  Genome Resources. 

cell line L1.2,  the  mature B cell line WEHI-231, the  differentiation- (data  not  shown),  and  thus  the  expression of CD6 does not  correlate 
inducible B cell  line BCL,, the Gross leukemia virus transformed precisely  with  expression of the  homologous CD5 protein. 
immature  thymocyte lines KKA and  KgV,  the  thymoma cell line 
Eu, and the mature CD8+ cell line Eb288 (Fig. 3), This pattern of Cell-surface  staining of N62 cells transfected with the mouse 

mRNA  expression is consistent  with  the  observed  pattern  of  expres- cD6-4 with rabbit anti-mouse cD6 antiserum 
sion for human CD6, which is predominantly  expressed  in  peripheral The rat T cell line NB2 was transfected with the mouse CD6-4 
T cells and  mature  medullary  thymocytes.  Based on flow cytometry cDNA in the pBJ-neo expression vector. Polyclonal antiserum spe- 
analysis,  all of these cell lines  except KKA and KgV express CD5 cific for mouse CD6  was raised by gene gun inoculation of rabbits 
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FIGURE 2. Comparison of the predicted 
amino acid sequence of mouse CD6-4  with 
human CD6-15. Identical residues  are de- 
noted by dashes,  gaps in the alignment are 
denoted by dots,  the  transmembrane region 
is overscored,  the boundaries of the three 
SRCR domains (SR-1,  SR-2, and SR-3)  are 
indicated by vertical bars.  Cysteine  residues 
shared by all members of the SRCR family 
are denoted by pluses, and the two cysteine 
residues  shared only by CD5 and CD6 are 
denoted by asterisks. Other motifs are indi- 
cated according to the legend to Figure 1 .  
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with the mouse CD6-4  cDNA in the pJW4303 expression vector. 
As compared with immunofluorescence staining with preimmune 
serum, the rabbit anti-mouse CD6 antiserum did not stain untrans- 
fected NB2  cells (Fig. 4A) and positively stained mouse CD6-4 
cDNA-transfected NB2 cells (Fig. 4 4 .  

Cell-surface staining of normal mouse T lineage cells with 
rabbit anti-mouse CD6 Ab 

Purified Ab from the polyclonal rabbit anti-mouse CD6 antiserum 
was used to stain bulk thymocytes and lymph node cells isolated 
from a C57BW6 mouse (Figs. 5 and 6). As compared with immu- 
nofluorescence staining with preimmune Ab, the rabbit anti-mouse 
CD6  Ab positively stained the cell surface of most CD4+CD8' 
double-positive thymocytes and most CD4+ or CD8+ single-pos- 
itive thymocytes (Fig. 5).  Staining with the rabbit anti-mouse CD6 
Ab was highest on the mature CD3high thymocytes (Fig. 5). The 
rabbit anti-mouse CD6  Ab also positively stained most or all 
CD3+,  CD5+,  CD4+, and CD8' peripheral lymph node and 
splenic T cells, and few or no B cells (Fig. 6) (data not shown). The 
level of CD6 expression on most mouse thymocytes, splenocytes, 

NB2 

FIGURE 3. Northern blot analysis dem- 
onstrating expression of mouse CD6 mRNA 
in lymphoid cells. Northern blots were hy- 
bridized  with a "P-labeled mouse CD6-4 
cDNA probe. The blots contain total RNA 
isolated from the following sources: A) heart 
(lane I ) ,  brain (lane 2), spleen (lane 31, lung 
(lane 4), liver  (lane 3, skeletal muscle (lane 
6), kidney (lane 7), and testis (lane 8); B) 
spleen (lane I ) ,  lymph node (lane 2), thy- 
mus (lane 3), bone marrow (lane 4), L1.2 
(lane 3, WEHI-231 (lane 6). BCL, (lane I), 
KKA (lane 8), KgV (lane 9), EL4 (lane IO), 
C6VL (lane I I ) ,  and Eb288 (lane 72). The 
migration positions of A) the  285 and 18s 
rRNA or B) sRNA size  markers (Kb) are in- 
dicated in the left margins. 

NB2-mCD6 

i io 100 ' 1 10 100 

FLUORESCENCE INTENSITY 

FIGURE 4. Flow cytometric analysis of NB2 cells transfected with 
the  mouse CD6-4  cDNA and cell-surface stained with  polyclonal rab- 
bit anti-mouse CD6 antiserum. Untransfected (A) and mouse CD6-4 
transfected ( B )  NB2 cells were  stained with preimmune rabbit serum 
(dashed  lines) or polyclonal mouse CD6-specific rabbit antiserum (sol- 
id lines), followed by FITC-conjugated  goat anti-rabbit Ig-specific  sec- 
ondary Ab. 
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FIGURE 5. Flow  cytometric analysis of 
mouse thymocyte  cell surface stained with 
rabbit  anti-mouse CD6 Ab.  A  single-cell sus- 
pension  of mouse thymocytes was stained 
with  protein  A-Sepharose-purified  rabbit  anti- 
mouse CD6  Ab (A, C, €, and 0 or  preim- 
mune rabbit Ab (Rlg) (B, 0, F, and H) followed 
by FITC-conjugated goat anti-rabbit Ig-specific 
secondary Ab. The thymocytes were then 
washed and stained with  phycoerythrin-conju- 
gated CD4- (A and B), CD8-  (Cand D), CD5- (E  
and f ) ,  or  CD3- (G and H) specific mAb. 

CD6 

and lymph node T cells was proportional to the level of CD5 
expression (Figs. 5 and 6) (data not shown). 

Immunoprecipitation of CD6 from NB2 cell transfectants 
expressing  the  mouse CD6-4 cDNA  with rabbit anti-mouse 
CD6 antiserum 

We performed immunoprecipitations from lysates of radioiodi- 
nated untransfected or mouse CD6-4 cDNA-transfected NB2  cells 
using the polyclonal rabbit anti-mouse CD6 antiserum (Fig. 7). 
When analyzed under reducing conditions, the polyclonal rabbit 
antiserum precipitated a major polypeptide band of 125 kDa and a 
minor polypeptide band of 100 kDa. When analyzed under non- 
reducing conditions, the polyclonal antiserum precipitated a major 
polypeptide band of 120 kDa and a minor polypeptide band of 95 
kDa. We believe these polypeptide bands represent mouse CD6 
based on the similarity of their m.w. to the observed m.w. of hu- 
man CD6 and the predicted m.w.  of the polypeptide encoded by 
the mouse CD6-4 cDNA. In addition, the precipitated polypeptides 
have similar properties to the human CD6 polypeptide in that the 
nonreduced polypeptide migrates faster than the reduced polypep- 
tide in SDS-polyacrylamide gel analysis, suggesting the presence 
of intrachain disulfide bonds (9, 13, 22). The polyclonal rabbit 
anti-mouse CD6 antiserum did  not  precipitate  any  specific bands from 
untransfected NB2 cells under  reducing  or nonreducing conditions. 

Immunoprecipitation of CD6 from normal mouse T lineage 
cells with rabbit anti-mouse CD6 antiserum 

We performed immunoprecipitations from lysates of radioiodi- 
nated resting or PMA- and FCS-activated thymocytes and lymph 
node T cells (Fig. 8). When analyzed under reducing conditions, 
the rabbit anti-mouse CD6 Ab precipitated a major polypeptide 
band of 128 kDa from resting and 130 kDa from activated thy- 
mocytes and lymph node cells. These reduced immunoprecipitates 
from resting and activated cells also contain minor polypeptide 
bands of 103 and 105 kDa, respectively. The CD6 polypeptide bands 
precipitated  from mouse thymocytes and  lymph node cells are slightly 
larger  than  the 125-kDa polypeptide immunoprecipitated from the 
NB2 cell transfectants expressing the CD6-4 cDNA. This is most 
likely due to differences  in  glycosylation  and/or  phosphorylation. 

Discussion 
We report isolation of cDNA  clones  encoding full-length mouse 
CD6 from a mouse thymic  cDNA library by cross-hybridization 
with the cDNA encoding human CD6. The sequence of our clones 
differs from a recently reported mouse CD6  cDNA sequence (24) 
in that it contains the complete leader sequence (encoding the sig- 
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FIGURE 6. Flow  cytometric analysis of mouse lymph  node  cells sur- 
face stained with rabbit  anti-mouse CD6 Ab. A single-cell suspension 
of mouse lymph  node  cells was stained with  protein A-Sepharose- 
purified  preimmune  rabbit  Ab  alone (6  and D) or  rabbit  anti-mouse 
CD6  Ab (A and 0, followed  by FITC-conjugated goat anti-rabbit  Ig- 
specific secondary Ab. The lymph  node  cells  were then washed and 
stained with phycoerythrin-conjugated  CD3- ( A  and 8) or  CD5-  (Cand 
D) specific  mAb. 

nal peptide) as well as part of the cytoplasmic domain that was 
apparently spliced out in the mRNA that gave rise to the reported 
cDNA sequence. As compared with the reported sequence, our 
cDNA  clones also possess 5' untranslated region sequence as well 
as additional 3' untranslated region sequence containing a poten- 
tial polyadenylation signal sequence. Northern blot analysis dem- 
onstrated expression of a 3.0-kb CD6 mRNA species in lymphoid 
tissues and thus our 2979-bp CD6-4  cDNA  clone  is likely to be 
representative of the full-length mouse CD6  mRNA expressed in 
these tissues. 

We found that mouse CD6  is expressed at the RNA level in 
thymus, lymph node, spleen, and the CD4+ T cell lymphoma line 
C6VL. Relative to the levels in lymphoid tissues, a very small 
amount of CD6 mRNA was detected in skeletal muscle and a small 
amount was detected in lung. To confirm that the CD6 mRNA 
detected in lung  was not due to spillage of the splenic mRNA 
sample (in the adjacent lane) at the time of loading the gel, we 
probed an independent Northern blot with the CD6  cDNA and 
obtained the same result. No expression of human CD6 has been 
reported in these tissues. Although it is possible that the cells com- 
posing these tissues express low levels of mouse CD6, we believe 
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FIGURE 7. Inlnitinol)re(-il)itdtion oi mouse CD6 
irom cells lysatcs oi Nl32 cell transiectants cxprcss- 
ing the mouse CDO-4 (-DNA. Untransfectcd NH2 

~11s (A and R, /,~nc~.s I and 3) and NH2 cells trans- 
I?ctcsd with the mouse CD&4 cDNA in thcl pBJ-neo 
cxprc,ssion vector (A and B, Ianc1.s 2 and 4) were 
surixe I;1kIccl with lz51, lysecl, and the lysates prc- 

clc~drecl twice with preimmunc rabbit serum (the 
seconcl preclenring is reprcscnted in A ,incl 6, LInc3 

.j and 4) beiore immunol,rccil,itation with gc’ne 
gun-gcncratccl polyc-lonal rabbit anti-mouse, CD6 
antiserum (A ancl 5, /.Ines I and 2). Sdmplcs werr 

eIectrophoresecl on 8% SDS-poly,icryl,imicIc gels 
unclrr reducing (A) or nonrecluc-ing (8) conditions. 
The) migration positions oi co-migrated “‘C-labclccl 
M, stdntl,ircls (X 10 ‘1 are shown in the kit margin. 
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FIGURE 8. Immunoprecil,it,ition oi mouse’ CD6 from cells lysdtcs of mouse thymocytes and lymph node ccIIs. NB2 transfcctants expressinK the 
mouse’ CD&4 cDNA (/J~CY 7 antI ;‘), thymoc-ytcs xtivatcd with PMA and KS (/,~nc~ 3 and 41, resting thymocytes (/a/~ .5 ~ncl 61, resting lymph 
notk cc11s (Lmes 7 ancl R in A, ancl Lines 0 ~~ntl 10 in B), ancl lymph neck cells activated with PMA and FCS (Iaries 9 and 10 in A, and I.~no 7 
dncl R in 8) were suriac-c Iabclccl with ‘.!;I lysccl, ancl the lysnte preckxrcd twice with protein A-Sephnrose-puriiiecl prcimmunc‘ rabbit Al) (the , 
s~~~~ncl prcclearinp, is represented in A and B, /,~nc~.s 7, .‘I, 5, 7, and 9) beiore immunoprctipitdtion with protein A-Srl,harosc,-l,uriii~(l rabbit 

anti-mouse CD6 Al) (A and U, /,~nc~s 1, 4, 6, H, XVI 10). Samples were c,lec-trol)horc,sccl on 8% SDS-polyacryl,lmicle gels unckr recluc-ing (A) or 

nonreducing (B) conclitions. The migration positions oi co-migratecl “‘C-~.~bckd M, standards (X 10 ‘) are shown in the kit margin. 

it mo\t likely that the CDh mRNA dctcctcd in lung and skclctal 
muscle ;trc derived from lymphoid cells associated with or prcscnt 
in the blood within thcsc tissues, ss no specific attempt was made 
to free thcsc organs of blood prior to RNA isolation. In addition, 
it small amount of :I shorter 2.2-kb CD6 mRNA is prcscnt in brain. 
Human CD0 protein is cxprcsscd in brain (7), and it is possible that 
an altcrnativcly spliced form of CD0 mRNA (and possibly the 
cncodcd protein) is expressed in mouse brain. The faint band rcp- 
rcscnting a 7-kb RNA \pccics in kidney most likely dots not rcp- 
rcscnt cxprcssion of an alternative CD6 mRNA due to the large 
disparity in the Gzc of this band as compared with that of the CD6 
mRNA cxprcsscd in lymphoid tissues; this band could rcprcscnt 

artifactual cross-hybridization of the CD(, cDNA probe to a larger, 
diiTcrcnt mRNA species cxprcsscd in kidney, or perhaps an only 
partially spliced CD6 transcript. It is thcrcforc unlikely that this 
mRNA species would encode CD(> protein. 

Using gcnc gun plasmid DNA immunization of rabbits with the 
mouse CD&4 cDNA in an expression vector. WC gcncratcd ;I poly- 
clonal antiserum spccifc for mouse CD(,. This antiserum posi- 
tively stained NB2 cells transfcctcd with the mouse CD6-4 cDNA 
in an expression vector and did not stain untransfcctcd NB2 cells. 
Using this antiserum WC dcmonstratcd that CD6 protein is cx- 
prcsscd on the cell surf&c of most mouse thymocytcs and is ex- 

prcsscd at the highest lcvcls on the mature CD3”@’ population. In 
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addition, most or all peripheral lymph node and splenic T cells 
express CD6. Few or no lymph node or splenic B cells  express 
mouse CD6. This pattern of expression is consistent with that de- 
scribed for human CD6, which is expressed at highest levels on 
mature medullary thymocytes and peripheral T cells (1-5). We 
also found that the level of CD6 expression on most mouse thy- 
mocytes and peripheral T cells  is proportional to the level of ex- 
pression of the homologous CD5 protein. Nevertheless, Northern 
blot analysis of various mouse T and B cell lines demonstrated that 
expression of CD6 does not necessarily correlate precisely with 
expression of CD5. 

The rabbit anti-mouse CD6  Ab immunoprecipitated under re- 
ducing conditions a major polypeptide band of 128 kDa from rest- 
ing thymocytes and lymph node T  cells and 125 kDa from the NB2 
cell transfectants expressing the CD6-4 cDNA. This small differ- 
ence in size is most likely due to differences in glycosylation 
and/or phosphorylation. The mouse CD6 immunoprecipitates each 
contain a minor polypeptide band of 95 to 105 kDa under reducing 
conditions, which could represent the product of an alternatively 
spliced form of mouse CD6 mRNA (e.g., corresponding to the 
CD6-6 or another cDNA) or a form of CD6 that differs in its 
degree of phosphorylation, glycosylation, and/or degradation. Two 
forms of human CD6,  130, and  1051110 kDa, have been described 
and their difference in size can be accounted for by phosphoryla- 
tion  of the larger relative to the smaller form (14). Activation of 
human PBL with PMA and FCS results in phosphorylation of CD6 
on serine and tyrosine and  a concomitant 20- to 25-kDa increase in 
the apparent molecular mass (9, 13-15). Activation of mouse thy- 
mocytes or lymph node cells with PMA and FCS resulted in only 
a 2-kDa increase in size of the CD6 polypeptide, which is most 
likely due to phosphorylation of the larger relative to the smaller 
form. It is important to note that FCS induces phosphorylation of 
human CD6 in PBL  (14) and that the “resting” mouse thymocytes 
and lymph node cells  were kept in 5% FCS  on ice for 2  h before 
radioiodination and immunoprecipitation. FCS-induced phosphor- 
ylation of human CD6 required incubation at 37°C for 2  h with 
10%  FCS to transform 50% of the CD6 polypeptide to the larger 
130-kDa species (14). Nevertheless, it  is possible that treatment of 
mouse cells with 5% FCS on ice for 2  h could induce phosphor- 
ylation of the majority of CD6, and that true resting mouse cells 
actually possess a less-phosphorylated major CD6 polypeptide of 
100 to 105 kDa. It is  also possible that mouse CD6 possesses a 
constitutive level of phosphorylation much higher than that of hu- 
man CD6, which would be represented by the observed 128-kDa 
CD6 polypeptide band immunoprecipitated from thymocytes and 
lymph node cells kept in 5% FCS  on  ice for 2 h. Regardless, our 
immunoprecipitations demonstrate that activation of mouse thy- 
mocytes and lymph node cells with PMA and 10% FCS for  2  h  at 
37°C  induces in a 2-kDa increase in size of the major CD6 
polypeptide band as compared with incubation in 5% FCS on ice; 
it is likely that this difference in size is  due to phosphorylation. 

There is a 199 amino acid difference in the size of the predicted 
cytoplasmic domain encoded by the mouse CD6-4 cDNA clone as 
compared with the reported human CD6-15 cDNA clone (22). In 
nucleotide sequence comparisons we found a high degree of nu- 
cleotide identity in the mouse CD6-4 cDNA region encoding the 
cytoplasmic domain as compared with the 3’ untranslated region 
of the reported human CD6-15 cDNA, suggesting that the 3‘ un- 
translated region of human CD6-15 might, in fact, represent cod- 
ing sequence. The predicted m.w. of the unmodified human 
CD6-15 polypeptide chain of 48 kDa is 40 kDa smaller than the 
observed m.w. of 88 kDa for nascent CD6 polypeptide in both 
thymocytes and peripheral blood T cells (13, 22). In addition, the 
observed m.w. of 90 kDa for cell-surface human CD6-15 polypep- 

tide immunoprecipitated from transiently transfected Cos cells is 
15 and 40 kDa smaller, respectively, than the 105-1110- and 130- 
kDa m.w. observed for cell-surface human CD6 immunoprecipi- 
tated from thymocytes, PBLs, and the HPB-ALL cell line (13, 14, 
22). These large discrepancies led us to clone the 3’ region of 
human CD6  cDNA from RNA isolated from PBLs. We found a 
small insertion that results in a frame shift as well as  a second 
larger insertion relative to the reported sequence of human CD6- 
15; these changes together result in a predicted cytoplasmic do- 
main highly identical to that of mouse CD6 (42a). We anticipate 
that this long cytoplasmic domain in mouse and human CD6 plays 
an important role in signal transduction by this protein. Based on 
the exon1intron boundaries that they have identified in the mouse 
CD6 gene, Whitney et al. (24) predicted that the human CD6-15 
clone might have resulted from alternative mRNA splicing, and 
our sequence of human CD6 from PBLs indicates that this is likely 
to be the case (42a). 

The mouse CD6-6  cDNA  lacks 462 nucleotides present in the 
CD6-4 cDNA and encodes  a  143-amino acid cytoplasmic domain 
with nine distinct  amino  acids  at  its  carboxyl terminus, as  compared 
with  the 243-amino acid cytoplasmic domain of CD6-4 (Figs. 1 and 
3). Based on the  preliminary genomic organization of the mouse CD6 
gene in  which “at least  ten exons” were  identified by Whitney  et al. 
(24),  the boundaries of the sequence missing  in CD6-6 do not corre- 
spond  to  any of  the identified  exon-intron junctions, The CD6-6 
cDNA may  therefore  result  from a cloning artifact, an alternatively 
spliced mRNA transcript  making  use of exon/intron junctions not  pre- 
viously  identified or conceivably  the  product of a second CD6 gene. 
Minor  polypeptide bands potentially  representing  the CD6-6 species 
of protein are present in CD6 immunoprecipitates from  thymocytes 
and  lymph  node cells, although a similar  band is also  present in the 
NB2  transfectants expressing the CD6-4 cDNA. If the  minor  band in 
the NB2 transfectants  represents  the same protein species as seen in 
lymphoid  cells,  it  would  have to represent  post-translational  modifi- 
cation of  the CD6 protein  (e.g.,  differences in phosphorylation, gly- 
cosylation, or  potentially  protein  degradation). 

We compared the predicted amino acid sequence of mouse CD6 
with all the protein sequences available in the National Biomedical 
Research Foundation database (Georgetown University, Washing- 
ton, DC) using the FASTA program (43). Mouse CD6 is homol- 
ogous to human CD6, mouse and human CD5, as well as the other 
members of the SRCR family. We also compared the predicted 
amino acid sequence of the cytoplasmic domain of mouse CD6 
with the National Biomedical Research Foundation database and 
found no significant homologies. Using the Quest program and the 
Prosite 12 database (IntelliGenetics, Mountain View, CA) to 
search for amino acid sequence motifs in the full-length cytoplas- 
mic domain of mouse CD6 we found three motifs containing the 
PKC phosphorylation site consensus sequence Sermhr-X-Arg/Lys 
(where X represents a nonconserved residue, and serine or threo- 
nine is phosphorylated) (39) and nine motifs containing the casein 
kinase-2 phosphorylation site consensus sequence Sernhr-X-X- 
Asp/Glu (where  X represents a nonconserved residue, and serine 
or threonine is phosphorylated) (40). These motifs represent po- 
tential sites  for phosphorylation of the cytoplasmic domain of 
mouse CD6 by PKC, casein kinase-2, or a different, related kinase. 
PKC and casein kinase-2 phosphorylate several different trans- 
membrane protein receptors (39, 40), and it is intriguing that ac- 
tivation of human PBL with PMA, an activator of PKC, induces 
hyperphosphorylation of serine residues in human CD6 (14). 

The cytoplasmic tail of mouse CD6 contains the serine-threo- 
nine-rich motif Asp-Ser-Ser-Sernhr-Y-Ser-X-X-Glu-X-Tyr in 
triplicate (X represents a nonconserved residue, and Y represents 
a nonconserved residue or a gap in the alignment). These motifs 
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are potential sites for phosphorylation of the cytoplasmic tail on 
serine, threonine, and/or tyrosine as  well  as  for interaction of CD6 
with cytoplasmic signaling or structural proteins. The predicted 
cytoplasmic domain of CD6-4 also possesses the proline-rich se- 
quences Cys-Pro-Gly-Pro-Pro-Gly-Pro at position 641 and Gln- 
Pro-Pro-Pro-Gln-His-Pro-Pro at position 628, which contain the 
class I SH3 domain-binding consensus motif X-Pro-X-Pro-Y-X- 
Pro (X represents a nonconserved residue, and Y represents proline 
or a nonconserved residue) (41). This second proline-rich sequence 
at position 628 is closely related to the Gln-Pro-Pro-Pro-Leu-Ala- 
Pro SH3-domain binding motif  of chicken YAP65 (41). These 
proline-rich motifs are potential recognition sites for SH3-domain 
containing structural or signaling proteins involved  in CD6 function. 
The  mouse CD6 cytoplasmic region also possesses the  proline-rich 
sequence Asp-Pro-Ser-Ser-Lys-Pro-Pro-Pro-Trp at  position 571 (Figs. 
1 and  2), although this sequence does not possess significant  identity 
to  the SH3 domain-binding consensus sequences (41). 

We also observed the amino acid motif Tyr-Asp-Asp-Ile at po- 
sition 659 in the cytoplasmic domain of mouse CD6, and this motif 
has been designated as  a possible recognition specificity of the 
SH2 domain of c-fgr based on the screening of phosphopeptide 
libraries using affinity columns containing the c-jgr SH2 domain 
(42). c-jgr is expressed in normal differentiated bone marrow-de- 
rived myeloid cells including granulocytes, monocytes, and alve- 
olar macrophages (44). Although EBV-transformed human B cells 
also express c-jgr, no c-jgr expression has been observed in T 
cells, NK cells, and untransformed B cells (44), and thus c$gr is 
not likely to be involved in CD6-mediated signaling in T  cells 
although a different src family member may be. 

Our data demonstrate that mouse T  cells express a previously 
undescribed 130-kDa protein representing the mouse homologue 
to human CD6. In addition to the homology of the extracellular 
domains of CD5 and CD6, both CD5 and human CD6 can provide 
signals to costimulate T cell proliferation, and both are phosphor- 
ylated on tyrosine and serine upon T cell activation (8-12, 14,  15, 
45-47). CD5 binds to the B cell surface protein CD72 (48). Re- 
cently human CD6  was  shown to bind ALCAM, a molecule ex- 
pressed on thymic epithelial cells (20). We demonstrated that the 
cytoplasmic domain of mouse CD6 contains 243 amino acids, 
which is significantly larger than the 94-amino acid cytoplasmic 
domains of mouse and human CD5 (49, 50). 

We also found that the pattern of expression of mouse CD6  does 
not correlate entirely with that of mouse CD5 on T cell lines. 
Together these data suggest that CD5 and CD6 may transduce 
different context-dependent signals to T cells. Better understanding 
of the pattern of expression of CD5 and CD6 relative to each other 
as well as delineation of the cytoplasmic and cell-surface mole- 
cules with which they interact is critical to generating further hy- 
potheses regarding the potential different functional roles of these 
molecules in T cell development and activation. 
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