
Butyrophilin-like 1 encodes an enterocyte protein that
selectively regulates functional interactions with
T lymphocytes
Anna Basa,1, Mahima Swamya,b, Lucie Abeler-Dörnera,b,c, Gareth Williamsd, Dick J. Panga,2, Susannah D. Barbeea,b,
and Adrian C. Haydaya,b,c,3

aPeter Gorer Department of Immunobiology, King’s College School of Medicine, Borough Wing, Guy’s Hospital, London SE1 9RT, United Kingdom; bLondon
Research Institute, Cancer Research United Kingdom, London WC2A 3PX, United Kingdom; cBiomedical Research Centre of Guy’s and St Thomas’ Hospitals at
King’s College, London SE1 9RT, United Kingdom; and dThe Wolfson Centre for Age-Related Diseases, King’s College, London SE1 1UL, United Kingdom

Edited* by Peter Cresswell, Yale University School of Medicine, New Haven, CT, and approved February 2, 2011 (received for review July 21, 2010)

Although local regulation of T-cell responses by epithelial cells is
increasingly viewed as important, few molecules mediating such
regulation have been identified. Skint1, a recently identified mem-
ber of the Ig-supergene family expressed by thymic epithelial cells
and keratinocytes, specifies the murine epidermal intraepithelial
lymphocyte (IEL) repertoire. Investigating whether Skint1-related
molecules might regulate IEL in other compartments, this study
focuses on buytrophilin-like 1 (Btnl1), which is conspicuously sim-
ilar to Skint1 and primarily restricted to small intestinal epithelium.
Btnl1 protein is mostly cytoplasmic, but surface expression can be
induced, and in vivo Btnl1 can be detected adjacent to the IEL. In
a newly developed culture system, enforced epithelial cell expres-
sion of Btnl1 attenuated the cells’ response to activated IEL, as
evidenced by suppression of IL-6 and other inflammatory media-
tors. These findings offer a unique perspective on emerging ge-
netic data that Btnl genes may comprise novel and important local
regulators of gut inflammation.
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Lymph nodes have been traditionally viewed as the sites for
priming lymphocyte responses and epithelial tissues have been

viewed as the sites where those responses are made manifest. Re-
cently, however, intense interest has developed as to how initial
events within epithelia influence lymphocyte priming, with signifi-
cant impact on the functional complexion of resulting effector
responses. Thus, particular attention has been paid to how micro-
bial products affect the capacity of tissue-associated dendritic cells
(DC) to induce specific differentiation programs in the T cells
that they subsequently activate (1). In contrast, much less attention
has been paid to the regulation of immune responses by epithelial
cells, despite their being primary targets of infection and dysregu-
laton, and despite their potential to producemyriad innate immune
effectors (2, 3). Furthermore, many epithelia are constitutively
populated by T-cell receptor (TCR)αβ+ and TCRγδ+ intraepi-
thelial lymphocytes (IEL) that compose a large T-cell subset whose
localization offers obvious opportunities for interactions with epi-
thelial cells (4). Indeed, mice lacking TCRγδ+ IEL show dyregu-
lated intestinal epithelial cell turnover and differentiation (5).
Hence, there is much interest in identifying epithelial molecules
that might regulate interactions of epithelial cells and IELs.
One recently identified axis involves Skint1, the founding

member of a hitherto undescribed Ig (Ig)-supergene family, all
of the members of which are expressed by thymic epithelial cells
and keratinocytes (6). Skint1 regulates epidermal γδ IEL de-
velopment, with such cells displaying an atypical TCR repertoire
in mice with dysfunctional Skint1 (6, 7). In seeking further epi-
thelial regulators of local immune interactions, we sought mol-
ecules strikingly similar to Skint1. Prominent among these are
members of the butyrophilin-like (Btnl) gene family (8, 9) that
exhibit various criteria of putative immune regulators. Among
the criteria are: they are conserved in mice and humans; several

are encoded within the MHC-locus; they share strong homolo-
gies with the B7-family of costimulators; and certain murine
and human Btnl/Btn gene products reportedly reduce the pro-
liferative responses of costimulated T cells, with human BTN2A1
reportedly modulating DCs by engaging the lectin DC-SIGN (9–
15). The potential importance of such interactions is further
implied by genetic associations of human Btnl2 and Btn2A1
polymorphisms with sarcoidosis, myositis, and inflammatory bowel
disease (16–18). Indeed, it has been proposed that Btnl proteins
might be particularly important in mediating immune regulation
in tissues, notably the gut (12), although the specific regulation
of IEL–epithelial cell interactions by any Btnl/Btn gene has not
hitherto been experimentally investigated.

Results
Btnl1, -4, and -6 Genes and Their Expression. Beyond the Skint
family, the genes most homologous to Skint1 are the murine
butyrophilin-like Btnl1, -4, and -6 genes that are almost equiva-
lently similar, closely followed by the butyrophilin Btn1a1 gene
(Table S1). Whereas Skint1and Skint2 are homologous across
their lengths, the similarity to Btnl genes is concentrated in the
predicted Ig (V and C) ectodomains (Fig. 1A). Skint1 shows
slightly less similarity to Btnl7, and conspicuously less to Btnl2
(Table S1), the focus of most previous investigations of murine
Btnl genes (9, 11, 12). Similarity to Skint1 declines further for
prototypic B7-family genes (Fig. 1A and Table S1). Hence,
a subfamily of Btnl genes is highly and specifically similar to
Skint1, meriting their biological comparison.
To better understand murine Btnl genes most closely related

to Skint1, intron-exon boundaries of predominant transcripts and
of rare splice variants were redefined by RACE-analysis and
cloning. A 5′ untranslated exon (U) initiates Btnl1 and possibly
Btnl4 and -6 mRNAs (Fig. 1B). The nine residual exons predict
Btnl1, -4, and -6 protein structures (Fig. 1C) featuring a cytoplas-
mic B30.2 domain: this combines a SPRY domain with a PRY
domain (19), and is to date unique to Btn/Btnl proteins and to
tripartite motif (TRIM) proteins, in which it facilitates multi-
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merisation (20, 21). In contrast, Btnl2 is predicted to comprise
three or four Ig ectodomains and to lack B30.2 (Fig. S1).
Btnl1, -4, and -6 transcripts were almost exclusively expressed

in the gut, with high levels in epithelial, CD45(−) cells of the
small intestine, and with lower and variable levels in the colon
(Fig. 2 A–C). Thus, Btnl1, -4, and -6 share with Skint1 high
structural similarity, and predominant expression in epithelia
constitutively rich in T cells. Interestingly, mouse strains in which
intestinal IELs include large numbers of Vδ4(+) cells usually
expressed lower levels of Btnl1 RNA than did strains with few
Vδ4(+) IELs (Fig. 2D). Intriguingly, such IEL repertoire varia-
tion maps to the MHC Class II, I-Eα region (22, 23), which also
contains the Btnl1 gene. No consistent variation in expression
was shown by Btnl4, -6, or -2 (Fig. S2).

Btnl1 Protein and Its Expression. To detect Btnl1 protein, a rabbit
polyclonal antibody was generated to a peptide from the putative
IgV region that was <54% conserved with other Btnl proteins
(Fig. 3A). Antibody fidelity was confirmed by stringent criteria.
Thus, peptide-purified antibody immunoprecipitated specific
proteins from human 293T cells transfected with a Btnl1 cDNA
that included a FLAG-epitope C terminal to the putative signal
cleavage site (Fig. S3A). The precipitated proteins migrated on
reducing and nonreducing gels at ∼53 kD (the predicted molec-
ular mass for FLAG-tagged Btnl1) and >150 kD, respectively;
they were not detected by preimmune serum and they comigrated
with proteins detected by anti-FLAG, albeit that anti-Btnl1
preferentially detected the 150 kD unreduced complex, perhaps
reflecting better reactivity toward conformational determinants
(Fig. S3B). Both anti-Btnl1 and anti-FLAG detected surface ex-
pression of FLAG-tagged Btnl1 following transfection of the
murine enterocyte cell line, MODE-K (24) or HEK293T cells
(neither ordinarily express surface Btnl1), with anti-Btnl1 re-
activity largely confined to GFP+ cells. Anti-Btnl1 did not detect

Btnl4 or Btnl6-transfectants but they were detected with anti-
FLAG (Fig. S3 C–E).
In lysates of primary enterocytes, anti-Btnl1 (but not pre-

immmune sera) detected a diffuse nonreduced complex of >150
kD, that upon reduction migrated at ∼75 kD (Fig. 3B). The Btnl1
sequence predicts N-glycosylation, consistent with which the 75
kD form resolved to ∼54 kD upon N-glycosidase-F treatment
(Fig. 3C). Moreover, if as expected, the B30.2 motif acts as
a multimerisation domain, then the nonreduced complex may
include dimers of the 75-kD form. Finally, antibody reactivity
was consistent with the RNA analyses (Fig. 2) in detecting no
protein in liver or keratinocyte lysates (Fig. 3B and Fig. S3F).
Directly ex vivo, viable 7AAD(−) CD45(−) small intestinal cells

with side- and forward-scatter typical of enterocytes showed vari-
able levels of surface Btnl1 (∼15% to ∼60%) seemingly reflecting
variations in animal husbandry and environment (Fig. 3D). IFN-γ
treatment of enterocytes up-regulates several immunological
properties, including surface MHC Class II (25, 26). Conspicu-
ously, MHCII was almost exclusively induced on enterocytes
expressing surface Btnl1 (Fig. 3E). Whereas IFN-γ did not mark-
edly increase surface Btnl1, activated IEL supernatants strongly
up-regulated Btnl1 and MHCII, likely reflecting the combined
action of IFN-γ and other regulators, such as TNF (4, 27). Indeed,
human BTN3 was reportedly up-regulated by IFN-γ + TNF, but
not IFN-γ alone (28). Hence, the variable surface expression of
Btnl1 can be regulated by immunological mediators.

Btnl1 in Situ. In 5-μm sections of murine small intestine, Btnl1 was
detected in essentially all enterocytes (Fig. 4 A–C) but, consistent
with its variable surface expression on explanted enterocytes, it
was detected in either of two forms: a “lobular/reticular” pattern
(Fig. 4D, long arrows) or, less commonly, a uniform decoration,
evoking intercellular surface expression (Fig. 4D, short arrows).
Consistent data were obtained by immunochemistry (Fig. 4 E

Fig. 1. Structural analysis of Btnl1, -4, and -6. (A) Dot matrix comparison of Skint1 (y axis) with Btnl1, -4, and -6, and Skint2, and B7.1. (B) Full-length Btnl1, -4,
and -6 cDNA and minor splice variants. Hatched boxes depict exons with internal in-frame deletions. The 5′ untranslated exon, U, identified for Btnl1 remains
putative for Btnl4 and -6. SP, signal peptide; TM, transmembrane domain. (C) Inferred protein organization of Btnl1, -4, and -6, with predicted lengths of each
domain as predicted by Pfam, SMART, TMHMM, and SignalP databases.
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and F), with further instances of lateral expression (Fig. 4 E,
arrows). The lobular pattern is not easily attributed to apoptotic
cells, because it was not enriched in villus tip enterocytes, where
apoptosis is prevalent, and because enterocytes with this pattern
stained with fidelity for the surface protein A33 (29) (Fig. 4G).
Triple-staining for A33 (green), Btnl1 (red), and nuclei (blue;
DAPI) suggested that Btnl1 was most commonly perinuclear
(Fig. 4G), evocative of staining data presented for Btnl2 (12).
Nonetheless, double-staining for Btnl1 and the TCR (anti-CD3)
showed incidences of close juxtaposition when examined by ei-
ther of two techniques (Fig. 4 H–J). Enumeration of 20 sections
found ∼10% of IEL juxtaposed to Btnl1.

Epithelial–T-Cell Communication. Given claims that Btnl genes
suppress T-cell activation (11–13, 15), we sought an analogous
effect of Btnl1 on IELs by exploiting a culture system (SI Mate-
rials and Methods) that overcomes the rapid apoptosis of IELs ex
vivo (30, 31). This system permits IELs to be rested as viable cells
that rapidly reactivate IFN-γ when stimulated via the TCR (Fig.
5A). The induction of IFN-γ and other major IEL cytokines (e.g.,
TNF, IL-3) was largely unaffected when IELs were activated in
the presence of MODE-K enterocytes expressing either trans-
fected gfp or gfp + Btnl1 (compare columns 2, 4, and 6 in Fig. 5A

and Fig. S4A). Other cytokines (e.g., IL-4, IL-5, IL-10, IL-13,
and IL-17) were produced by activated IELs at negligible levels
and not reproducibly affected by coculture with MODE-K.gfp or
MODE-K.Btnl1.
Despite recording no clear suppression of IEL activation,

a clear and unanticipated effect of Btnl1 expression on IEL-
enterocyte cocultures was observed as follows: cocultures of ac-
tivated IEL with primary enterocytes or MODE-K cells sub-
stantially up-regulate IL-6 (Fig. 5B), the key source of which is
the enterocytes, because induction occurs when transwells sep-
arate the IEL and enterocytes; when activated IEL supernatants
are added to enterocytes; and when enterocyte RNA is examined
(Fig. 5 C–E). The same was true for RANTES (regulated upon
activation, normal T cell expressed and secreted) (CCL5) (Fig.
5F). The nature of the activated IEL cytokine that strongly up-

Fig. 2. Quantitative RT-PCR analysis of Btnl1, -4, and -6 mRNA (A) in normal
mouse tissues; (B) in CD45(−) small intestinal epithelial cells (IECs) versus
CD45(+) small intestinal IEL; (C) in large intestines harvested from three mice;
and (D) in the small intestines of two mice of each of three strains having
low (Balb/CJ, DBA/2J, C57L/J) or high numbers of Vδ4(+) IEL (B10.BR, CBA/J,
C58/J) (different symbols depict different strains). **P < 0.005 for compari-
son by unpaired two-tailed t test of means and data-points distribution.
Error bars in B and C indicate SEM.

Fig. 3. Btnl1 Protein. (A) A Btnl1-reactive antibody was raised against
a synthetic peptide (residues 82–96); peptide alignment across Btnl1, -4, and
-6 is shown. (B) Cleared lysates of enterocytes (lane 1) and liver (lane 2) re-
solved on nonreducing or reducing SDS/PAGE were Western-blotted with
preimmune rabbit serum or peptide-purified anti-Btnl1 antibody. The
GAPDH immunoblot acts as a loading control; size markers are in kilo-
daltons; specific antibody-reactive species are shown by arrows. (C) Btnl1
immunopurified from enterocyte lysates, was treated with N-glycosidase F
(degly) as indicated, and the protein resolved as in B. (D) IECs derived from
different mice at different times from different colonies, gated on CD45(−)

cells (Upper), were stained with peptide-purified Btnl1-specific antibody
(solid black line) or preimmune serum (shaded histogram). (E) Cultured
enterocytes were treated with IFN-γ or activated IEL supernatant diluted
1:10 in enterocyte medium, or left untreated for 24 h, and then stained for
Btnl1 and MHCII. Two independent experiments are shown. Differences in
Btnl1 staining levels are partly because of different secondary reagents used,
labeled with either AlexaFluor 488 or APC.
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regulates enterocyte cytokine expression is being investigated.
Germane to this study, however, IL-6 but not RANTES in-
duction was significantly inhibited (>50%) when independent
lines of MODE-K enterocytes expressed Btnl1 introduced using
different vectors (Fig. 5 B–G). Btnl1 likewise impaired IL-6 up-
regulation when MODE-K cells were cocultured with activated
CD8αβ+ TCRαβ+ IEL [often regarded as conventional, effector-
memory T cells (4)], with activated CD8αα+ γδ IEL [prototypic
unconventional T cells (4)] (Fig. 5G), or with activated systemic
T cells (Fig. S4B).
IL-6 is a uniquely important regulator of intestinal biology

(32). Nonetheless, the effects of dysregulated Btnl1 expression
were not unique to IL-6, as the up-regulation by MODE-K cells
of proteins and RNA for KC/CXCL1, MIP1β/CCL4, and IL-15
was also inhibited (from ∼33% to >90%), whereas MCP1/CCL2
(like CCL5) was not (Fig. S5). Hence, Btnl1 can selectively
regulate how enterocytes respond to activated T cells.

Discussion
Epithelia are common sites of infection and dysregulation, where
immuno-protection must be rapid, effective, and durable, but not
develop into inflammatory disease and associated carcinoma.
Hence, there is intense interest in how epithelial cells may reg-

ulate immune responses (2, 3). A recently elucidated member of
the Ig-superfamily, Skint1, expressed exclusively by thymic and
skin epithelium, regulates intraepidermal γδ T-cell development
(6, 7). Investigating whether Skint-related genes might share

Fig. 4. Localization of Btnl1 in murine small intestine. Small intestinal sec-
tions were immunostained with peptide-purified anti-Btnl1 antibody (red in
B–D and G–I; brown in E and J), with antibody (anti-A33) to a well-estab-
lished enterocyte surface marker (green in G) or with anti-CD3 (green in H
and I; blue in J). Btnl1+ epithelial cells were detected in most villi, equally
distributed from crypts to tips (B and C). Btnl1 adopted either a lobular/re-
ticular pattern, exemplified by long arrows in D, or a lateral pattern, ex-
emplified by arrowheads in D and arrows in E. Triple-staining for A33, Btnl1,
and nuclei indicated that Btnl1 most commonly localized to a perinuclear
region (G). Sections stained for Btnl1 and CD3 indicated prominent inci-
dences of close juxtaposition, as depicted by arrows in H to J. No staining
was detected using preimmune serum (A and F). Sections A to D and G and H
were counterstained with DAPI (blue) to visualize nuclei.

Fig. 5. Btnl1 selectively modulates cytokine expression. Culture of total IEL
(A–C) or TCRγδ and TCRαβ IEL subsets (G) with (+) or without (−) anti-CD3,
and with or without MODE-K cells transfected with gfp, or Btnl1-IRES-gfp,
respectively, as indicated. In C, transwells separated IELs and MODE-K. Al-
ternatively, MODE-K.gfp or MODE-K.gfp.Btnl1 cells were cultured with
supernatants (SN) from activated or unactivated IEL (D–F). IFN-γ, IL-6, and
RANTES were assessed by ELISA (A–D, F) and Luminex (G). Relative expres-
sion of il6 mRNA was determined by quantitative RT-PCR (E). *P < 0.05,
**P ≤ 0.005, and ***P ≤ 0.0001 as calculated for means and SD by unpaired
two-tailed t test.
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a similar biology, we found that Btnl1, -4, and -6 show striking
sequence similarity to Skint1; are also largely restricted to an ep-
ithelial tissue (the small intestine) replete with T cells; and that
at least one, Btnl1, can act as a novel immune regulator. In this
regard, it may be appropriate to distinguish those Btnl genes that
are essentially restricted to specific epithelia from others that may
be more broadly expressed and that may have properties more
akin to inhibitory B-7 family members.
This unique study of the effect of a Btnl gene on IEL–enter-

ocyte interactions has revealed a previously unidentified immuno-
regulatory mechanism: namely suppression of proinflammatory
mediators, such as IL-6, CXCL1, IL-15, and CCL4, that are
ordinarily up-regulated by epithelial cells in response to acti-
vated T-cell cytokines. Because all such mediators are regulated
by NFκB (33–36), the possibility exists that Btnl1 inhibits this
pathway. Nonetheless, any effects must be selective, because
NFκB also contributes to the up-regulation of genes (e.g., CCL5
and CCL2) unaffected by Btnl1 (37, 38).
There may be additional targets of Btnl1 regulation, but those

so far identified are provocative in their major contributions to
intestinal immuno-pathobiology. CXCL1, IL-6, and CCL4 pro-
mote the influx of neutrophils, monocytes, and CD8+ memory T
cells, respectively (39–41), and IL-15 promotes the growth and
cytolytic potential of CD8+ memory cells and of intestinal IEL.
Although each of these functions may be host-protective, at-
tenuation by Btnl1may limit progression to chronic inflammation
(40). IL-6 also directs intestinal CD4 T-cell differentiation to-
ward IL-17 production, particularly in response to specific bac-
terial colonization (42–44). Although such IL-6 is commonly
attributed to intestinal DCs (45, 46), its production by enter-
ocytes may reinforce IL-17 production by infiltrating systemic T
cells. Hence, attenuation of IL-6 expression may limit immuno-
pathologies involving IL17-dependent neutrophilic infiltrates,
consistent with the genetic associations of Btnl genes with colitis
and sarcoidosis (16, 18).
IL-6 and IL-15 also contribute to epithelial growth (32), in

part by rescuing cells from apoptosis. In the steady state, this may
promote wound healing and barrier integrity, and it is note-
worthy that intestinal epithelial turnover and differentiation is
dysregulated in mice lacking γδ IELs that may up-regulate IL-6
production by enterocytes (Fig. 5) (5). However, the same
actions of IL-6 in the chronic phase can contribute to colitis-
associated colorectal cancer (47): hence, attenuation by Btnl
genes may pose an important barrier to dysplasia and neoplasia.
Each of these scenarios starkly highlights the power of the epi-
thelial cell to regulate local immune responses and their con-
sequences. By regulating how epithelial cells respond to neigh-
boring activated IEL, Btnl1 may attenuate local responses to day-
to-day infection, whereas by attenuating responsiveness to systemic
T cells, Btnl1 may also antagonize the pathologic consequences of
inflammatory T-cell infiltrates.
The mode of action of Btnl1 examined in this study departs

from the cited capacity of Btnl2, Btn1A1, Btn2A2, B7S3, and, very
recently, Btnl1 to directly suppress protagonist T cells by counter
receptor engagement (11–13, 15, 48). Indeed, despite initially
investigating such a capacity, we found no reproducible signifi-
cant suppression of T-cell cytokine production by Btnl1, just as
we could not confirm the broad expression pattern for Btnl1 cited
in the same recent report. Likewise, we could not confirm the
same group’s claims for a broad expression pattern of B7S3 (48)
that corresponds to Skint2, a gene largely restricted to thymic
and skin epithelium. Hence, although evidence for immunoreg-
ulation by Btnl genes is clearly growing, it seems premature to
attempt to capture this with a single mechanism of action.
This finding is certainly not to preclude that some functions of

Btnl1 are effected by engaging a counter receptor, onT cells, and/or
neighboring epithelial cells. However, given the largely intracellular
distribution of Btnl1 in vivo, this aspect of the protein’s properties
seems likely to be important. Upon T-cell activation, there is
a regulated movement of CTLA4 from a perinuclear pool to the
cell surface, facilitating T-cell down-regulation (49, 50). Surface

Btnl1 expression can also be up-regulated following T-cell activa-
tion, possibly to attenuate the sensitivity of local cells to activatedT-
cell effectors. It is also provocative that Btnl1 expression shows
interstrain variation that correlates with IEL repertoire variation.
Clearly, the regulation of Btnl1 protein and the elucidation of
interacting proteins promise to shed new light on local immune
regulation in the gut. This form of regulation resonates with the
emerging perspective that tissues can intrinsically regulate their
sensitivity to immune effectors (51). The genetic data attest to the
importance of the Btnl genes, and the potential clinical utility of
tissue-associated regulators of inflammation.

Materials and Methods
Methods related to animals, cell lines, expression vectors, PCR, cytokine
measurements, and flow cytometry are in SI Materials and Methods.

Cloning.Murine Btnl1, -4, and -6 (accession nos. NM_001111094, NM_030746,
and NM_030747) were identified from the National Centre for Bio-
technology Information database. GeneRacer Kit (Invitrogen) was used for
3′ RACE PCR of RNA from C57BL/6 small intestine. Protein domains were
predicted with TMHMM (www.cbs.dtu.dk/services/TMHMM), SignalP (www.
cbs.dtu.dk/services/SignalP-2.0), SMART (http://smart.embl-heidelberg.de/),
and Pfam (pfam.sanger.ac.uk).

Generation of Stably-Transfected N-FLAG-Btnl1-pMX-IRES-GFP MODE-K Cells.
HEK293 cells were transfected using polyethylenimine (Polysciences) by
standard procedures. MODE-K cells were transduced with viral supernatants
and sorted for GFPhi cells (SI Materials and Methods).

Generation of Btnl1 Polyclonal Antibody. A KLH-conjugated synthetic peptide
from the extracellular murine Btnl1 protein sequence was injected into New
Zealand White rabbits. Preimmune sera was collected from each rabbit as
a negative control. Antisera were collected postimmunization, and reactivity
tested by ELISA against the original peptide. The antibody was purified on
a peptide column, and preimmune sera were purified over protein A.

Isolation and Culture of Intestinal Cells. IECs and IEL from murine small bowel
were isolated according to previously described procedures (52–54), and
either analyzed directly or cultured as described in SI Materials and Methods.

Protein Purifications, SDS/PAGE and Immunoblotting. Purified mouse IECs or
MODE-K cells were lysed in buffer [20 mM TrisHCl, pH 8, 137 mM NaCl, 2 mM
EDTA, 10% glycerol, 0.1% Triton-X 100 with protease-inhibitor mixture
(Roche)], and clarified by centrifugation. Immunopurification was performed
using the anti-Btnl1 antibody covalently coupled to beads using the Ami-
noLink plus Immobilization kit (Pierce). Purified Btnl1 was treated with 1 U of
N-glycosidase F (Roche) according to manufacturer’s instructions. SDS/PAGE
and blotting onto PVDF membranes were performed according to standard
protocols, and the membranes developed with either Rabbit preimmune Ig,
or the anti-Btnl1 antibody, as indicated. As loading and transfer controls,
membranes were blotted against GAPDH (6C5; Millipore); the secondary
antibodies used were HRPO-labeled anti-rabbit and anti-mouse antisera
from Thermo Scientific.

Immunohistochemistry. Acetone-fixed frozen sections or Methanol-Carnoy’s
fixed and paraffin-embedded sections were stained with anti-Btnl1 only or
double stained for expression of Btnl1 and CD3. The alkaline phosphatase
conjugated anti-CD3 staining was developed with Vector Blue Alkaline
Phosphatase Substrate Kit III (Vector Laboratories) and peroxidase stained
Btnl1 sections developed using the 3, 3′-diaminobenzidine substrate kit
(Vector Laboratories). Staining is described in SI Materials and Methods.

Confocal Microscopy. Frozen sections or Methanol-Carnoy’s fixed and par-
affin embedded sections were double stained for Btnl1 and CD3 or Btnl1 and
A33. Staining is described in SI Materials and Methods.
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