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ABSTRACT We introduced the human genes HLA-B7 and
B2M encoding the heavy (HLA-B7) and light [82-microglobulin
(12m)] chains of a human major histocompatibility complex
class I antigen into separate lines of transgenic mice. The
tissue-specific pattern of HLA-B7 RNA expression was similar
to that of endogenous class I H-2 genes, although the HLA-B7
gene was about 10-fold underexpressed in liver. Identical
patterns ofRNA expression were detected whether theHLA-B7
gene contained 12 or 0.66 kilobase(s) (kb) of 5' flanking
sequence. The level of expression was copy number dependent
and as efficient as that of H-2 genes; y interferon enhanced
HLA-B7 RNA expression in parallel to that of H-2. In addition
to the mechanism(s) responsible for y interferon-enhanced
expression, there must be at least one other tissue-specific
mechanism controlling the constitutive levels of class I RNA.
Tissue-specific human (32m RNA expression was similar to that
of mouse J32m, including high-level expression in liver. Cell
surface HLA-B7 increased 10- to 17-fold on T cells and on a
subset of thymnocytes from HLA-B7/B2M doubly transgenic
mice compared to HLA-B7 singly transgenic mice. The pattern
ofexpression ofHLA-B7 on thymocytes resembled that ofH-2K
as opposed to H-2D. These results confim that coexpression of
both human chains is required for efficient surface expression
and that HLA-B7 may share a regulatory mechanism with
H-2K, which distinguishes it from H-2D.

The class I transplantation antigens encoded in the major
histocompatibility complex (MHC) of man (HLA-A, -B, and
-C) and mouse (H-2K, -D, and -L) are expressed at the cell
surface as heterodimers of a polymorphic Mr 43,000-45,000
glycoprotein heavy chain with a Mr 12,000 light chain called
,82-microglobulin (02m) (1). Class I gene expression is regu-
lated during development, between tissues and cell types in
the adult, and in response to various lymphokines and viruses
(1-3). The sequences and factors underlying expression of
these genes have recently come under scrutiny (4, 5). We
previously reported that HLA-B7 RNA and protein was
expressed in transgenic spleen cells and that cell surface
HLA-B7 was detectable on T cells from mice expressing
HLA-B7 RNA at a level exceeding total H-2 RNA (6). We
report here on the tissue-specific expression of HLA-B7 and
B2M, the gene encoding human f32m (hf32m), in transgenic
mice and on the role of h32m in the surface expression of
HLA-B7.

MATERIALS AND METHODS
DNA fragments of HLA-B7 (7) or B2M (8) genomic clones
were microinjected into male pronuclei of one-cell (B6/SJL)-

F1, (B6/SJL)F2, or (B6/D2)F2 mouse embryos and reim-
planted into pseudopregnant CD1 females (Charles River
Breeding Laboratories) (6, 9, 10). Transgenic mice were
mated with C57BL/6J mice to establish transgenic lines, and
progeny were named as described (6).

Tail DNA (9) was analyzed for transgene sequences by dot
(10) or Southern blotting (11). Tissue RNA was prepared by
guanidium isothiocyanate extraction (11). Denatured RNAs
(10 ,g) were electrophoresed in formaldehyde/agarose gels
and transferred to nitrocellulose (11) or were applied directly
by slot-blotting (12). Hybridization of DNA and RNA blots
was as described (6, 11, 12). The probes for HLA-B7 DNA
and RNA (probes 1 and 2 in Fig. 1) were as described (6). The
probe for H-2 RNA was from exon 8 of a H-2Kk cDNA clone
(13). The first 310 nucleotides of this probe correspond to
noncoding region 1 conserved among mouse class I genes.
The remaining 138 bp correspond to the H-2K locus-specific
noncoding region 2a (6, 14, 15). The probe for h,82mDNA and
RNA was a 0.54-kb Pst I fragment from a h/32m cDNA clone
(16). The probe for mouse 832m (m32m)RNA was a 0.6-kb Cfo
I fragment from a m,2m cDNA clone containing about 265 bp
of mf2m sequence (17). Densitometric analyses of autora-
diograms were carried out on Bioimage Visage 2000 and
Joyce Loebl Chromoscan III densitometers.
Thymocytes and splenic T cells were obtained as described

(6, 18). Single-color fluorescence-activated cell sorter
(FACS) analysis was done as described (6). Dual-color FACS
analysis was performed using fluorescein isothiocyanate-
labeled goat anti-mouse IgG (HyClone, Logan, UT) and
phycoerythrin-conjugated streptavidin (Becton Dickinson)
(20). Evaluation of immunofluorescence was done by ana-
lyzing 20,000 cells with a Becton Dickinson FACS IV. The
anti-HLA monoclonal antibodies (mAbs) used were ME-1
(anti-HLA-B7, -B22, -B27, and -B14) (21) and B9.12.1 (anti-
HLA class I heavy chain encoded by most HLA-A, -B, and
-C alleles in association with f32m) (22, 23). The epitopes
recognized by these mAbs are unaffected by the species of
origin of associated 32m (23). Other mAbs used were BBM.1
(anti-hf32m) (24), Y-3 (anti-H-2K of most haplotypes) (25),
B22/249 (anti-H-2Db) (26), and Y-19 (anti-Thy-1) (27).

RESULTS
Nine transgenic founder mice, representing 11 integration
events, were derived from microinjection of a 6.0-kb EcoRI-
BamHI fragment ofHLA-B7 genomic clone pJY150 (7) (frag-
ment a in Fig. 1). Two founders were derived from a 6.5-kb

Abbreviations: MHC, major histocompatibility complex; f82m, ,B2-
microglobulin; h,(2m and rn(2m, human and murine 82m; B2M, h(32m
gene; B2m, mf32m gene; IFN--y, y interferon; FACS, fluorescence-
activated cell sorter; mAb, monoclonal antibody.*To whom reprint requests should be addressed.
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FIG. 1. Structure of HLA-B7 DNA fragments used for microin-
jection. The uppermost line is a partial restriction map (B, BamHI;
D, Dra I; E, EcoRI; H, HindIll). The solid boxes represent exons 1
to 8. The open boxes mark the probes for DNA (probe 1) and RNA
(probe 2). Lines a, b, and c represent the fragments microinjected
into eggs. a and b were 6.0-kilobase (kb) EcoRI-BamHI and 6.5-kb
EcoRI fragments, respectively, and contained no vector DNA; c was
an 18-kb HindIl fragment and contained 24 bp of vector DNA
(represented by a short wavy line, not drawn to scale).

EcoRI fragment from pJY150 (fragment b in Fig. 1), and three
were derived from an 18-kb HindIII fragment subcloned from
the HLA-B7 cosmid clone cos30 (7) (fragment c in Fig. 1).
Injected fragments a, b, and c contained the intact gene with
0.66 kb (fragments a and b) or 12 kb (fragment c) of 5' flanking
sequence and 2.0 kb (fragment a) or 2.5 kb (fragments b and
c) of 3' flanking sequence. The copy number and intactness of
the HLA-B7 transgene were determined for each line by
Southern blot analysis ofDra I-digested tail-skin DNA (Table
1).

Expression ofHLA-B7 RNA in Transgenic Mice. RNA from
tissues of transgenic offspring was analyzed by blot hybrid-

Table 1. Transgene copy numbers and expression in HLA-B7
transgenic mice

Expression of HLA-B7

HLA-B7 DNA Line RNA ratiot Surface
fragment no.* Copy no.t (B7/H-2) protein§

a 18A 30 5.0 +
a 18B 25 3.6 +
a 34 3 0.4
a 35A 7 ND ND
a 35B 1 0.1
a 65 1 0.2
b 176 7 1.9 +
b 179 10 2.4 +
c 2 10 1.5 +
c 7 7 ND +
c 17 30 5.0 +

ND, not determined.
*The strains of the founder mice of each line were as follows:
18-(B6/SJL)F1; 34,65,176,179-(B6/D2)F2; 35,2,7,17-(B6/SJL)F2.

tTransgene copy number was determined by dot- and Southern blot
analysis of offspring tail DNA. When more than one integration was
identified in a founder, the individual integrations were represented
as A, B, etc.
tThe ratio of the level of HLA-B7 RNA (B7 RNA) to total H-2 RNA
in spleen was determined by quantitating autoradiographic hybrid-
ization signal intensities. A ratio of 1 indicates a similar amount of
B7 and total H-2 RNA. An estimate of the amount of B7 RNA per
gene copy relative to H-2 RNA per gene copy is obtained by
multiplying the B7/H-2 ratio in the table by (X/the no. of transgene
copies), where X represents the number (four, five, or six) of H-2
class I genes per cell (H-2K, -D, and -L from both chromosomes).
Mice of b or s haplotype have four conventional class I genes
expressed, while mice of d haplotype have six class I genes
expressed.
§Cell surface HLA-B7 protein was detected by indirect immunofluo-
rescence of splenic T cells with the FACS. +, A significant shift in
fluorescence intensity with anti-HLA monoclonal antibodies ME-1
and B9.12.1; -, no shift in fluorescence intensity.

ization. The autoradiograms in Fig. 2 A and C were obtained
with tissue RNAs from mice of lines 17 and 18A, respectively
(see Table 1). A band of the expected size (1.6 kb) varying in
intensity between tissues was detected in RNA samples from
the transgenic mice and from human spleen (Fig. 2A, lane
Hu.Sp). The tissue-specific pattern ofHLA-B7 RNA expres-
sion generated with the fragments containing 12 or 0.66 kb of
5' flanking sequence was indistinguishable. Lymphoid tis-
sues and lung contained the highest level of B7 RNA.
Relative to spleen, small intestine contained 20-30%; liver,
heart, and kidney contained 5-10%; skeletal muscle and
brain contained 1-3%; and pancreas contained <1% of the
amount of B7 RNA. A similar pattern was observed for all
mice examined from all lines carrying three or more copies of
any of the three microinjected fragments. Corresponding
tissues from mice of independent lines carrying a different
number ofcopies of the same fragment contained levels ofB7
RNA that varied over a 30- to 50-fold range (Table 1).
Multiple offspring within a line (lines 18A, 34, and 65 were
examined) expressed similar levels of B7 RNA with a similar
tissue-specific distribution.
To compare HLA-B7 expression to endogenous H-2 class

I genes, the blot of Fig. 2A was stripped of the HLA-B7
cDNA probe and rehybridized with a H-2 class I probe (Fig.
2B). The highest levels of 1.6-kb H-2 transcripts were
detected in lymphoid tissues, liver, lung, and small intestine.
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FIG. 2. Blot-hybridization analysis of HLA-B7 RNA in trans-
genic mice. RNA samples were from tissues of transgenic mice 17-5
(fragment c) (A and B) and 18A-8-7 (fragment a) (C). Lanes: Sp,
spleen; Li, liver; Ki, kidney; Th, thymus; He, heart; Pa, pancreas;
In, small intestine; Mu, skeletal muscle; Br, brain; and Lu, lung.
Nontransgenic mouse spleen (lane Mo.Sp) and human spleen (lane
Hu.Sp) RNAs were also analyzed (A and B). The autoradiograms in
A and C were obtained by hybridization with HLA-B7 cDNA probe
2. The autoradiogram in B was obtained by stripping the blot in A and
rehybridizing with the H-2 class I cDNA probe. The exposure times
were 4 hr for all samples in A except Hu.Sp. RNA, which was for 10
hr; exposure times were 16 hr for samples in B and 4 hr for samples
in C.

Immunology: Chamberlain et al.



7692 Immunology: Chamberlain et al.

Relative to spleen, liver contained 80-90%, heart and kidney
contained 10-15%, brain and skeletal muscle contained 1-
2%, and pancreas contained <1% ofthe amount ofH-2 RNA.
Similar results were obtained for the nine lines analyzed
(Table 1) and for nontransgenic siblings (not shown). There
was less than a 2-fold difference in the ratios of the RNA blot
signal intensities for HLA-B7 relative to H-2 (i.e., B7 RNA/
H-2 RNA) for most tissues from mice for a given line.
However, B7 RNA was about 10-fold under-represented
relative to H-2 RNA in liver compared with other tissues and
3-fold under-represented relative to H-2 RNA in small intes-
tine. The B7 RNA/H-2 RNA ratios for spleen RNA for most
lines are given in Table 1. There was an almost linear
relationship between the HLA-B7 gene copy number and the
level of B7 RNA detected. If all H-2 class I genes contribute
equally to the hybridization signals detected with the H-2
probe, then the level of B7 RNA in spleen from most lines is
similar to the level of H-2 RNA on a per gene copy basis.
The effect of y interferon (IFN-y) on HLA-B7 and H-2

RNA expression was analyzed for line 65 (Fig. 3). The levels
of enhancement of B7 and H-2 RNA after IFN-y treatment
were similar within a factor of 2 in each tissue examined
except skeletal muscle and brain. The low level of expression
of B7 RNA in this single copy line is likely responsible for
these apparent exceptions. Similar results were obtained with
offspring of line 34, including a similar enhancement of B7
and H-2 RNA in skeletal muscle (not shown) (see the legend
to Fig. 3). After IFN-y treatment, B7 RNA was still under-
represented in liver by a factor of about 10 relative to H-2
RNA, and the relative enhancement of both was approxi-
mately the same.
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Generation and Analysis of B2M Transgenic Mice. Cell
surface HLA-B7 was detected only on cells from transgenic
lines that expressed a 1.5- to 5-fold excess of HLA-B7
compared with total H-2 RNA (Table 1). The level of surface
B7 for these lines was estimated to be less than H-2K or
H-2Db by factors of 2-8. This implies that some posttran-
scriptional event(s) is limiting cell-surface expression of the
human heavy chain. To examine whether altered association
of HLA-B7 with m/32m was in part responsible for this, we
generated transgenic mice carrying B2M, the gene for h,32m,
and crossed these with HLA-B7 mice. Nine B2M transgenic
mice were produced from microinjection ofa 14-kb Pvu I-Sal
I fragment that contained the intact gene with about 2.9 and
1.2 kb of 5' and 3' flanking sequence, respectively, and 120
bp of pEMBL9 vector DNA at the 3' end (8). Mouse 14
carried about 30 copies of the transgene and transmitted this
in a Mendelian fashion (not shown). To examine the tran-
scriptional activity of B2M in this line, tissue RNAs were
examined as above (Fig. 4A). A band of about 1 kb was
detected in human JY cell RNA (JY) and in transgenic tissue
RNAs. The tissue-specific pattern of endogenous B2m (the
gene encoding mf32m) expression was very similar to that of
the B2M transgene (Fig. 4B). Densitometric analysis indi-
cated that there was about 2 times more hp82m RNA than
mP32m RNA in tissues of line 14 mice.

Cell surface expression of hP2m was analyzed by flow
cytometry (FACS) with anti-h/32m mAb BBM.1. Significant
shifts in fluorescence intensity were obtained with T cells
from mice of line 14 (Fig. SA) and the three other B2M lines
analyzed (not shown) but not with nontransgenic cells (not
shown). The relative staining intensity with line 14 T cells was
similar to that for human JY cells (not shown). These data
suggest that hf32m protein was efficiently expressed at the
surface of transgenic cells.

Cell Surface Expression of HLA-B7 and h182m in Doubly
Transgenic Mice. To determine whether coexpression of
hf2m would affect cell surface expression of the human
heavy chain, T cells from doubly transgenic offspring from

>- ca CI-._ UI-m_
- nU) F.1- i mxcc CL

14--5-.
A

28 S --

lBS -

0
IFN-v. IFN-1.

H-2

.*# H4
et

0

FIG. 3. Slot-blot analysis of HLA-B7 RNA expression after in
vivo treatment of transgenic mice with IFN-y. Transgenic siblings of
line 65 were injected i.p. daily for 7 days with phosphate-buffered
saline (PBS) containing 5 x 104 units of recombinant murine IFN-y
(Genentech, South San Francisco, CA) (mouse 65-2-18, +IFN-y) or
PBS without IFN-,y (mouse 65-2-15, - IFN-y) (3). On day 8, RNA
was prepared from the indicated tissues. (Left) Hybridization with
the HLA-B7 probe 2 (film exposure time 24 hr). (Right) Hybridiza-
tion with the H-2 class I probe (film exposure time 8 hr). The average
enhancement ofHLA-B7 RNA relative to H-2 RNA caused by IFN-y

in various tissues, B7 RNA (+ IFN-y) /H-2 RNA (+ IFN-Vy)
B7 RNA (- IFN-^y)/ H-2 RNA (- IFN-y),

for lines 65 and 34 offspring were as follows: liver (6.5/5.8), kidney
(31.7/42.9), pancreas (28.3/32.2), heart (24.5/44.1), small intestine
(6.0/8.3), brain (-/4.7), skeletal muscle (13.2/14.0), lung (7.5/5.4),
thymus (1.3/1.8), and spleen (2.6/2.8). For RNAs from nontreated
mice with no apparent hybridization signal, a value was assigned
based on longer exposures of the same blot (H-2), or on the relative
level of expression in the same tissue(s) of higher-expressing lines
(HLA-B7).
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FIG. 4. Blot-hybridization analysis of h/82m RNA in transgenic
mice. RNA samples were from the following tissues from mouse
14-5: spleen (lane Sp), liver (lane Li), thymus (lane Th), heart (lane
He), lung (lane Lu), kidney (lane Ki), brain (lane Br), small intestine
(lane In), skeletal muscle (lane Mu), and pancreas (lane Pa). RNA
from nontransgenic mouse spleen [lane Sp (Ctl)] and human B
lymphoblastoid cell line JY (lane JY) were also analyzed. The
autoradiogram in A was obtained by hybridization with a h132m
cDNA probe. The autoradiogram in B was obtained by stripping the
blot in A and rehybridizing with a mf32m cDNA probe. Exposure
times were 6 hr for samples in A and 12 hr for those in B.
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crosses of line 18A HLA-B7 females with line 14 B2M males
were analyzed by FACS (Fig. 5). The level of HLA-B7 cell
surface fluorescence was 10-17 times greater for T cells from
doubly transgenic mice (Fig. SB) compared with HLA-B7
singly transgenic mice (Fig. SC) (compare corresponding
curves). The level of h,32m on T cells was about 2 times
greater for doubly transgenic mice than for B2M singly
transgenic mice (Fig. 5 A and B). The levels of H-2K and
H-2Db were similar for T cells from HLA-B7/B2M doubly
and B2M singly transgenic mice (Fig. 5 A and B). This was
1.8-2.5 times greater than detected on T cells from HLA-B7
singly transgenic (Fig. SC) and control mice (not shown).
Thymocytes from 4- to 6-week-old transgenic mice were

analyzed by FACS (Fig. 6). Thymocytes from HLA-B7 singly
transgenic mice of line 18A gave bimodal distributions when
stained with mAbs for HLA-B7, H-2K, or H-2Db (Fig. 6A).
About 15% of the population stained positively for HLA-B7
or H-2K at an intensity similar to splenic T cells, while the
remaining 85% was negative (Fig. 6A). Two positive peaks
representing -20% and 80% of the total population were
obtained for H-2Db (Fig. 6A). Similar distributions for H-2K
or H-2Db were obtained for nontransgenic thymocytes (not
shown). Dual-color FACS analysis of thymocytes from
HLA-B7 mice with anti-HLA-B7 and anti-H-2K mAb showed
that 15-20% of the population coexpressed both antigens,
while the remaining 80-85% expressed neither (Fig. 6C).

All thymocytes (100%) from HLA-B7/B2M doubly orB2M
singly transgenic mice (not shown) stained positively for
hJ82m (Fig. 6B). About 15% of the cells stained as intensely
as T cells from B2M mice, while the remaining 85% stained
less intensely. Thymocytes from doubly transgenic mice
stained for HLA-B7 generated a large negative peak repre-
senting -85% of the population. However, 10-15% of the
cells were stained for HLA-B7 at an average level of intensity
6-7 times greater than that detected on thymocytes from
HLA-B7 singly transgenic mice (compare curves in Fig. 6 A
and B). The level of fluorescence intensity of the most
positive peak of B7-expressing thymocytes was similar to
that for T cells from doubly transgenic mice (Fig. 5B). The
level of expression of Thy-1 was similar for T cells (Fig. 5) or
thymocytes (not shown) from all of the above mice.

C r

4-f'

log10 Relative Fluorescence

Intensity

FIG. 5. FACS analysis of
cell surface expression of h,32m
and HLA-B7 in transgenic mice.
Splenic T cells from B2M singly
(A), HLA-B7/B2M doubly (B),
and HLA-B7 singly (C) trans-
genic mice were analyzed by
staining with specific mAb by
FACS. The three panels show
the results obtained with T cells
stained with anti-HLA mAb
B9.12.1 (-), anti-h,82m mAb
BBM.i (-), anti-H-2K mAb
Y-3 ----), anti-Thy-1 mAb
Y-19 (.-.-.-) and with no primary
antibody (. ). The x axes are
divided into 256 channels span-
ning 5 log1o units.
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FIG. 6. FACS analysis with spe-
cific mAbs of surface expression of
HLA-B7 on thymocytes from singly
HLA-B7 (A and C) and doubly HLA-
B7/B2M (B) transgenic mice. (A and
B) Results obtained with thymo-
cytes stained with anti-HLA mAb
B9.12.1 (-), anti-h,82m mAb
BBM.1 (-), anti-H-2K mAb Y-3
(----), anti-H-2D'b mAb B22/249
(- -), and no primary antibody
(-). The x axis is divided into 256
channels spanning 5 log1o units. (C)
Results obtained with thymocytes
dual-labeled with biotin-conjugated
anti-HLA-B7 mAb ME-1 (detect-
ed with phycoerythrin-conjugated
streptavidin) and anti-H-2K mAb
Y-3 [detected with fluorescein iso-
thiocyanate (FITC)-conjugated goat
anti-mouse IgG]. The axes labeled
red (phycoerythrin) fluorescence
and green (FITC) fluorescence cor-
respond to ME-1 and Y-3 staining,
respectively. The x and y axes are
divided into 64 channels, spanning
3.8 log1o units. Contour lines were
drawn around areas containing 7, 14,
21, and 28 cells, respectively.

DISCUSSION
A DNA fragment encoding the human MHC class I antigen
HLA-B7, with as little as 660 bp of 5' flanking sequence, was
expressed in transgenic mice with a tissue specificity similar
to that of endogenous murine MHC class I genes. Indepen-
dent lines varied in the level ofHLA-B7RNA in a given tissue
but not in the qualitative pattern of expression between
tissues. The most obvious exception to this parallel pattern of
tissue-specific expression was in liver. In all HLA-B7 lines
analyzed, including two with 12 kb of 5' flanking sequence,
HLA-B7 RNA was under-expressed by about a factor of 10
relative to H-2 class I RNA in liver compared to most other
tissues. In contrast, the relative tissue-specific pattern of
hp2m RNA expression was similar to mJ82m for all tissues.

Expression of the HLA-B7 transgene was enhanced in vivo
by murine IFN-y with a tissue specificity similar to that of
H-2. Tissues that constitutively expressed higher levels of
HLA-B7 and H-2 RNA were affected only slightly (i.e., 1.5-
to 6-fold enhancement), while tissues that constitutively
expressed lower levels ofB7 and H-2 were affected to a much
greater degree (i.e., 10- to 40-fold enhancement). Therefore,
with the possible exception of liver and small intestine, the
6.0-kb HLA-B7 transgene fragment contained the cis-active
sequences required for appropriate tissue-specific constitu-
tive and IFN-y-enhanced expression.

Transcriptional enhancers have been identified within a
few hundred base pairs of the 5' ends of murine H-2 class I
and B2m genes (4). A short stretch of nucleotides in this
region is conserved among genes responsive to IFNs (28).
Sequences similar to the H-2 5' enhancers and IFN-
responsive elements are found 5' of the HLA-B7 gene.
Regulatory mechanisms mediating IFN enhancement ofclass
I gene expression may also involve sequences 3' of the
transcription start site (29, 30).
One possible explanation for the low HLA-B7 expression

in liver is that an additional regulatory element(s) is located
more than 12 kb upstream and/or 2.5 kb downstream of the
gene. However, an H-2Dd gene with 2.5 kb of 5' sequence and
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a hybrid H-2Kb-growth hormone gene with 2.0 kb of 5'
sequence gave tissue-specific expression in transgenic mice,
including significant expression in liver (31, 32). Alterna-
tively, sequence divergence between cis-active human and
murine regulatory elements may impair recognition of the
human element by murine liver-specific trans-acting factors,
in contrast to the cis elements and trans factors regulating the
HLA-B7 transgene in most other tissues and the B2M
transgene in liver. Finally, some or all HLA class I genes may
not be expressed at the same relative level in adult human
liver as H-2 class I genes in adult mouse liver. Species-
specific tissue differences in class I expression have been
reported (1, 2). In particular, human liver has been shown to
express HLA class I antigens at -9% of the level detected in
spleen (2). Therefore, our results may reflect appropriate cis
and trans regulation ofHLA-B7 expression. Further, as both
HLA-B7 and H-2 RNA levels were enhanced -6-fold by
IFN-y, in addition to the mechanism(s) responsible for
IFN-y-enhanced expression, there must be at least one other
tissue-specific mechanism controlling the constitutive levels
of class I RNA in different tissues.

In doubly transgenic mice coexpressing HLA-B7 and
hP2m, the level of cell surface B7 increased 10- to 17-fold on
100% of T cells. This indicates that inefficient cell surface
representation of B7 in singly transgenic mice is probably
caused by altered association with m,32m. We estimate that
the amount of cell surface B7 exceeds H-2K or H-2Db by 5-
to 10-fold in HLA-B7 (line 18A)/B2M (line 14) doubly
transgenic mice. There was no evidence of any dosage
compensation leading to decreased production of H-2 RNA
or surface protein. As the level of B7 RNA was proportional
to the gene copy number, there was no indication of auto-
regulation of the HLA-B7 gene. Quantitative variation in
class I expression may play a role in determining the degree
of T-cell activity in various types of immune responses (1, 2).
It will be of interest to determine whether these doubly
transgenic mice display a heightened immune response to
particular foreign antigens, immune tolerance to conserved
human class I epitopes, or altered thymic selection of the
T-cell receptor repertoire.

Subpopulations ofthymocytes display a cell surface antigenic
phenotype that reflects their stage of differentiation (33). One
antigen that appears to be regulated in this regard is H-2K (33).
The majority of cortical thymocytes are H-2K-/H-2D+, while
the remaining 15% of the total population, which is found in the
medulla, are H-2K+/H-2D+. The human HLA-B7 gene is
expressed at the surface ofthymocytes with a pattern that closely
resembles that of H-2K. Cell surface coexpression of HLA-B7
and H-2K on a subpopulation of thymocytes suggests that these
two genes share a regulatory mechanism that distinguishes them
from H-2D.

Variations in expression levels of introduced genes in
transgenic animals have been interpreted to be due to
position effects (19). One exception to this has been with a
human f3-globin construct containing distal erythroid-specific
DNase I-hypersensitive sites (34). Our results show that the
level of HLA-B7 RNA correlates with transgene copy num-
ber and is similar to endogenous class I RNA on a per-copy
basis. It is unknown whether the dominant regulatory ele-
ments conferring position-independent expression of /B-
globin are fundamentally different from conventional tissue-
specific enhancers, and if so, whether such elements are also
present in a gene such as HLA-B7 that is expressed at
comparatively low levels.

In summary, the present results argue that HLA-B7 is an
autonomous expression unit, relatively independent of the
flanking sequences in which it is inserted and not subject to
feedback regulation either by competition for scarce tran-
scription factors or by other, more specific, mechanisms. At
least with respect to this gene, it appears unlikely that its

expression is significantly modified by more remote cis-
active MHC sequences; therefore, its position in the MHC is
either a reflection only of evolutionary history or of selection
mechanisms that do not operate by effects on the levels of
expression of the gene.
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