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Nonclassical  Behavior of the Mouse CDI Class I-Like 
Molecule’ 

Michael  leitell,’*  Hilda R. HoI~ombe,~*  Laurent Brossay,* Amy  Hagenbaugh,* 
Michael J. Jackson,+  Leslie  Pond,+  Steven P. Balk,* Cox Terhorst,§  Per A.  Peterson,+ and 
Mitchell Kronenberg4* 

The mouse CD1 (mCD1) molecule is a class I-like molecule that is encoded  outside  of the MHC. We show here that mCDl 
shares several properties with Ag-presenting class I molecules, including a requirement for fl,-microglobulin for  stable cell- 
surface  expression in T lymphocyte transfectants and thymocytes. mCDl is also capable of binding to mouse C D 8 4  het- 
erodimers participating in the activation of CD8+ T cells in a manner similar to classical  class I molecules. However, mCDl 
surface  expression is not decreased at high temperatures in cells that lack the transporter associated with Ag  processing  (TAP), 
including both RMA-S and Drosophila melanogaster cells. The data indicate that mCDl does not require TAP to be expressed 
in a stable  fashion at the cell surface. We speculate that the ability of mCDl to reach the cell surface in transporter-deficient 
cells may reflect its ability to present a distinct set of ligands. The properties of mCDl described here can  account, in part, for 
the selection of the diverse populations of T cells that are known to be mCDl reactive. The lournal oflmmunology, 1997,158: 
21  43-21 49. 

M embers of the  CD1  family of proteins  are  class I-like 
molecules  encoded by genes  outside of  the MHC (1). 
CDI  genes  and/or  proteins  have been  identified in 

mice, rats, rabbits,  and  humans (2-5). CDI  proteins  are usually 
expressed in association with &microglobulin (P2m),5 and they 
have some sequence  similarity, particularly in the a3 domain, with 
MHC-encoded  class I proteins (6, 7). They  are,  however,  much 
more  distantly related to  classical  class I molecules than are the 
MHC-encoded  nonclassical  class I molecules,  such  as the mouse 
thymus  leukemia  (TL)  Ag  and  human  HLA-G  (4). 

In mice, CDI surface  proteins are encoded by two  closely linked 
and  closely related genes  on  chromosome 3, designated mCD1.1 
and mCDI.2 (2, 4).  Mouse  CDI  (mCD1)  gene  transcription  has 
been reported in the thymus,  liver,  brain,  spleen,  and intestinal 
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epithelial  cells  (IEC) (2, X,  9); mCDl proteins  have been detected 
on  the surface of cortical  thymocytes  and  IEC (2,9). To date,  two 
populations of mCDI-autoreactive T lymphocytes  have been de- 
scribed ( IO ,  l l ) .  One  includes cells that express the NKI . l marker, 
have a  restricted TCR-a0 diversity,  and  can be either  CD4-posi- 
tive or  coreceptor  double-negative.  The  second  set of mCDI-au- 
toreactive T cells is derived  from the  residual CD4 ’ population in 
a class 11-deficient mouse;  these  lymphocytes have diverse a/3 
TCRs. In addition, it has been formally proven  that mCDl  can 
have an antigen-  presenting  function.  mCD I binds  peptides with  a 
hydrophobic  anchor  motif,  and  CD8-positive, peptide-specific, and 
mCDl  -restricted T cells  have been generated ( I  2). 

It is not known  how  mCDl  selects T lymphocytes with distinct 
patterns of coreceptor  expression. Although N K I .  I +, putatively 
mCDl  autoreactive.  and  mCDl peptide-specific T cell populations 
have been reported  to  require &m for their development, &m- 
independent  expression of mCDl  molecules  has  also been  reported 
( 1  3). To explain  how  the  properties of mCDl might account  for the 
diverse  sets of mCDl-reactive T cells, in this  report we  examined 
the mCDl  molecule  for  three  behaviors  characteristic of classical 
class I molecules. We determined  whether  mCDl 1-equired &rn for 
stable cell surface  expression,  whether  mCDl required  a functional 
transporter  associated with Ag  processing  (TAP) for stable  surface 
expression,  and  whether  mCDl  interacts  directly with CDX. We 
demonstrate  that  mCDl  requires P2m for  surface  expression in 
thymocytes  and T  cell transfectants  and that i t  does interact  with 
CDX. We use this data  to  provide an explanation  for the  selection 
of mCD1-reactive T cells.  With  regard to a requirement  for  TAP, 
mCDl  molecules are in  fact  distinct  from  those of classical class 
I molecules,  suggesting that mCDl  class I-like molecules  acquire 
Ag via a pathway  distinct  from  other  class I molecules. 

Materials and Methods 
Gene  cloning  and transfection 

A 1.7-kb mCDl. 1 c D N A  has been previously described ( 6 ) .  For expression 
i n  mammalian cells,  the mCDI.1 c D N A  was inserted into the unique Sol1 
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and BamHl sites of the mammalian expression vector pHPAprneo, 
which contains the human p-actin promoter (14). The resulting construct 
was designated pHPAprmCDI. I neo. Twenty micrograms of 
pHPAprmCD 1 .  I neo was linearized and electroporated (Gene Transfector 
300; BTX Corp., San Diego,  CA) into IO' CIR human B lymphoblastoid 
cells, TAP2-deficient RMA-S mouse T lymphoma cells, &m- RI .E mouse 
pre-T lymphoblast cells, or the &mf R. 1. I parent cells of  R1 .E. Geneticin 
(G418; Life Technologies, Gaithersburg, MD) selection was begun 24 h 
postelectroporation. Stable transfectants were chosen at 3 to 4  wk, grown 
in drug-free RPMl 1640 medium supplemented with 10% FCS, and stained 
with mAb to detect CD1 surface expression. Stable transfectants of CIR 
cells that express HLA-A2, the TL Ag encoded by the TIP gene, Ld/TL, 
which is a chimeric class I molecule that contains the otl and a 2  domains 
of  Ld and the remainder from  TIS", and LO3, a chimeric Ld class I molecule 
that contains the Q7h ( ~ 3  domain, have been described previously (15-17). 
For expression in Drosophila rnelanogaster cells, the mCDI , I  cDNA was 
inserted into the EcoRI polylinker site of the Cu2+-inducible expression 
vector pRMHa-3. This vector contains the D. melanogaster metallothio- 
nein promoter and alcohol dehydrogenase (ADH) poly(A) addition signal 
sequence (1 8). The resulting construct was designated pRMHa-3 mCDl. 1. 
Schneider-2  (SC-2) D. melanogaster cells were cultured at room temper- 
ature (23°C) in Schneider's Drosophila medium (Life Technologies) sup- 
plemented with  10% FCS. Cotransfections were conducted with 24 pg  of 
the pRMHa-3 mCD1.l DNA mixed with I pg  of pUChsneo plasmid DNA, 
containing the neor gene (19), and 10 pg of pRMHa-3P2m, containing the 
mouse @,m gene  (20).  The  mixture was transfected into SC-2 cells by the 
Ca,(PO,), method (20). Forty-eight hours post-transfection, G418 selec- 
tion was begun at 500  pg/ml of active drug. After 4 wk  of selection, 
G418-resistant clones were identified and switched to the serum-free 
growth medium EXCELL 400  (JRH Biosciences, Lenexa, KS) in the pres- 
ence of G418. Insect cell transfectants that express the Kh molecule gen- 
erated by similar methods have been described previously (20). 

RNA isolation and Northern  blotting 

Tissue culture cells were lysed in 0.5% Nonidet P-40 lysis buffer, the nuclei 
were pelleted out by centrifugation, and the proteins denatured in a  7  M 
urea/l% SDS-containing solution.  The resultant supematant was extracted 
three to four times with phenol and chloroform, and the cytoplasmic RNA 
was ethanol precipitated. Thirty micrograms of total cytoplasmic RNA was 
electrophoresed on a 1% formaldehyde agarose gel and transferred to a 
Sure Blot nylon membrane (Oncor, Gaithersburg. MD). The filter was hy- 
bridized at 68°C overnight with a random-primer radiolabeled mCD1.l 
cDNA fragment. 

Flow cytometry 

Detection of mCDl expression in transfectant cell lines and cells from 
tissues was accomplished using the rat IgM antiLCD1 mAbs 3C11 or 1H1 
(8), followed by a FITC-conjugated goat anti-rat IgM secondary reagent 
(Caltag, South San Francisco, CA) or using the rat IgG2b anti-CD1 mAbs 
1B1 or 9C7 (L. Brossay et al., manuscript in preparation) followed by 
phycoerythrin-conjugated goat anti-rat IgG (Caltag). Pzm -/- mice were 
bred from a stock obtained from The Jackson Laboratory (Bar Harbor, 
ME), while TAP1 -/- mice were obtained from Dr. Lnc van Kaer 
(Vanderbilt University, Nashville, TN). Kb and Db were detected together 
in RMA-S cells using mouse alloantibody 28-8-6s (21) (a kind gift of Dr. 
Rita EEros, Department of Pathology, UCLA). RMA-S cells were cultured 
at 3 7 T ,  and for temperature shift experiments, they were cultured at 23°C 
for 2 to 24 h before the addition of Abs. Comparison of the level of class 
I and class Ib surface expression between individual transfectant CIR 
clones expressing different class I genes was made by staining with 
BBM. 1 ,  a mouse anti-human pzm  mAb (22), followed by FITC-conjugated 
goat anti-mouse Ig secondary reagent. D. melanogaster mCDl surface ex- 
pression was detected by staining G418-resistant transfectants after incu- 
bation for 24 h in 1.5  mM CuS0,-containing medium. Kb surface expres- 
sion by transfected insect cells was detected using the Y-3 alloantibody 
(23). In temperature shift experiments, SC-2  cells were cultured at 37°C for 
at least 2  h before Ab staining. In  an attempt to stabilize surface class I 
expression, transfected insect cells were preincubated for I h before stain- 
ing with 50 pg/ml of the following synthetic peptides: I )  amino  acids 
257-264  of chicken OVA; 2) amino acids 278-286 from the lymphocytic 
choriomeningitis virus (LCMV) glycoprotein recognized in the context of 
D" (= GP2); and  3) a random mixture of nanomers. Propidium iodide was 
added to all cell suspensions just before analysis in a FACScan instrument 
(Becton Dickinson, Mountain View, CA). Flow cytometry analysis was 
conducted at the UCLA Flow Cytometry Core Facility. 

Cytolytic assay for CD8 class I binding 

This assay takes advantage of the increased avidity of CD8  for  class I 
molecules following ligation of the TCR (16, 24). CTL  clone lines C30 and 
C35, both specific for the Kb alloantigen, were obtained from Dr. M. 
Mescher (Department of Pathology, University of Minnesota, Minneapolis, 
MN). These clones were grown in HEPES-supplemented RPMI 1640 me- 
dium with 10% FCS, and they were stimulated once  a week with irradiated 
C57BL/6 splenocytes and twice each week with rIL-2. CTL clones were rid 
of debris I day before use by separation on  a Lympholyte-M (Cedarlane. 
Hornby, Ontario,  Canada) flotation gradient. Clones were activated by in- 
cubation with either 10 pg/ml of fluid phase mAb 2C11 (anti-CD36, both 
clones) or 10 yglml of mAb F23. I (anti-Vp8, clone C35  only). Untreated 
cells, or mAb-preincubated cells, were immediately added to 96-well V- 
bottom plates containing 10" "Cr-loaded target CIR cells in various E:T 
ratios. Then 20 pg of anti-CD8 mAb (clone 41-3.48) or anti-mCDI mAb 
was added to some wells at the time addition of the T cells to block the 
lysis of chromium-loaded targets. The assay plate was spun at 160 X g for 
3 min to initiate E:T contact, and lysis allowed to proceed at 37°C in 5% 
CO, for 8 h. Following incubation, 100 pl of supernatant per well  was 
removed for assessment of "Cr release. 

Results 
P,m-Dependent mCDl expression in mouse T lymphocytes 
and thymocytes 

Mouse pre-T cell leukemic line R1 .E is defective for &m expres- 
sion, and consequently, class I and class Ib  MHC Ags are not 
detectable on its cell surface following staining with mAbs (25). 
R1.E cells were transfected with the mCDl expression construct 
pHPAprmCD 1. lneo, and a large number of stable, G4 18-resistant 
cloned lines were established. None of these, however, was posi- 
tive for surface mCDl expression when analyzed by flow cytom- 
etry. A representative staining profile of one these transfected lines 
is shown in Figure 1A. To determine whether the (3418-resistant 
cells were truly transfected and synthesizing mCDI.1 heavy (H) 
chain mRNA, total cellular RNA was isolated from four R1.E 
transfectant lines, as well as from an RMA-S transfectant line ex- 
pressing high levels of surface mCD1. RNA from the Daudi hu- 
man B cell line provided a negative control. When hybridized with 
a radiolabeled mCD 1.1 cDNA fragment, all four R1 .E transfectant 
lines expressed mCDl . I  mRNA as indicated by the presence of a 
hybridizing band of RNA of approximately 1.9 kb. Transfected 
lines B, C, and E expressed steady state levels of mCDl.1 tran- 
scripts greater than or equal to the RMA-S-6 (Fig. lB), which 
expresses high levels of mCD1 on its surface (data not shown). 
Equal loading of RNA onto different lanes of the gel was ascer- 
tained by staining with ethidium bromide. Despite the negative 
results in  R1 .E cells, numerous transfectants of the &mt R1.l 
parent cell of R1.E are  capable of expressing mCDl on their sur- 
face. A representative flow cytometry profile is shown in Figure 
1A. To confirm and extend these results, thymocytes from wild- 
type and &m-deficient mice were analyzed by  flow cytometry 
using IgG2b anti-mCD1 mAbs. As seen in Figure 2, nearly all 
thymocytes in a control C57BL/6 thymus are mCDl positive. In 
contrast, there is no detectable mCDl expression on the surface of 
thymocytes from the &m-deficient mice. In summary, we con- 
clude that P,?m is required for stable surface expression of mCDl 
in at least some cell types, including mouse T lymphocytes and 
thymocytes. 

Stable  surface  expression of mCDl by TAP-deficient mouse 
cells 

RMA-S cells, which are defective for the TAP2 subunit of the 
peptide transporter (26, 27). were transfected with a  p-actin pro- 
moter-driven mCDl. 1 expression construct. Following (3418 se- 
lection, 29 stable G418-resistant clone lines were identified. Using 
two anti-CD1 mAbs, cell surface staining was conducted on 8 of 
these clones following overnight culture at either 23°C or 37°C. 
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