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ABSTRACT The T-cell ¥ genes, structurally related to
immunoglobulin genes and the T-cell antigen-receptor a- and
B-chain genes, undergo somatic rearrangement in T-lineage
cells. However, the role of the T-cell y genes has not yet been
determined. To determine the potential for y gene expression
in a set of well-characterized, cloned T-cell lines, we cloned all
of the rearranged y genes from each cell line. The genes were
sequenced to determine if the junction of the variable and
joining regions maintained the proper translational reading
frame. We then attempted to correlate the presence of an
in-frame ¥y gene with a T-cell subset. We were unable to
establish such a correlation. We found evidence, however, that
allelic exclusion influences the rearrangement of the y gene.
This is consistent with the idea that the y gene product
participates in establishing a clonally diverse population of T
cells recognizing a polymorphic ligand. Isotypic exclusion does
not apply to the ¥ gene, however, suggesting different roles for
the different y gene isotypes.

Since the discovery of the T-cell y gene in the murine system
(1, 2), a wealth of information has accumulated about both the
murine and the human T-cell y genes, but it has been difficult
to ascribe a function to the y gene product. Because of
structural similarities (1-6) to the genes encoding immuno-
globulin and the a (7-12) and B (13-20) subunits of the T-cell
antigen receptor, the y gene has been presumed to encode a
molecule involved in recognizing a polymorphic ligand im-
portant to T-cell activity. However, recognition of antigen
associated with major histocompatibility complex (MHC)-
encoded molecules appears to be the function of the T-cell o
heterodimer (21, 22). Several results have directed attention
towards the idea that the y gene serves some function in the
immature thymocyte. Studies of the levels of y mRNA
throughout development (23, 24) revealed that expression is
greatest in the developing fetal thymus and in the CD8™,
CD4~ subpopulation of adult thymocytes; both populations
of cells are enriched in immature T cells (25). Mature
peripheral T cells of adult mice, in contrast, contain the
lowest level of y mRNA (23, 24). Although the number of vy
gene segments is not large, the greatest variety of y gene
segments has been found to be rearranged and expressed in
fetal thymocytes (5, 6). Furthermore, analyses of y gene
rearrangement and transcription indicated that expression of
the vy gene is unnecessary in at least some functional T cells
(2, 26, 28). Recent experiments using antibodies directed
against the receptor-associated T-cell surface antigen CD3 or
against the vy polypeptide have identified y gene products as
one subunit of a heterodimer on the surfaces of immature
thymocytes (29-31). A small fraction of adult human periph-
eral lymphocytes and cell lines derived from them also
express the y gene product (32-36). Thus, although the y gene

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked *‘advertisement’
in accordance with 18 U.S.C. §1734 solely to indicate this fact.

8070

may be involved in a developmental event common to all T
cells, it has been suggested (32, 36) that those cells expressing
the y gene product represent a distinct T-cell lineage. Reso-
lution of this question has been impeded by the lack of data
defining that population of cells in which the vy gene product
functions.

All T-cell lines studied contain at least one rearranged vy
gene (1,2, 26-28, 34, 35, 37, 38). We have questioned why the
v gene should be found to be rearranged in all T cells
representing the well-characterized T-cell subpopulations if it
functions only in an as yet unrecognized subset of T cells. We
have also sought to determine whether the y gene is subject
to allelic and isotypic exclusion—the mechanisms that pre-
vent lymphocyte receptors of multiple specificities from
being expressed in a single cell (39). We have addressed these
questions by studying a collection of cloned T-cell lines with
known function and specificity. From each cell line we have
cloned all of the rearranged y genes and determined the
sequence at the junction of the variable (V) and joining (J)
gene segments. From this study we hoped to determine
whether the capacity to produce a functional y gene product,
as revealed by the presence of a rearranged vy gene in which
the V-J junction maintains the proper translational reading
frame, correlated with a recognized T-cell subset. No such
correlation could be established. Evidence is presented that
although the allelic-exclusion principle applies to the vy gene,
isotypic exclusion does not. Although these data may also
support the premise that the y gene functions in an as yet
unrecognized population of T cells, alternative interpreta-
tions will be discussed below.

MATERIALS AND METHODS

T-Cell Lines. The cell lines used in this study are described
in Table 1. They were grown under the conditions indicated
in their original reports (see Table 1).

Southern Blot Analysis. Analysis was performed as de-
scribed (6).

Genomic Libraries. DNA was prepared from each cell line
and digested to completion with EcoRI. Between 50 and 100
pg of digested DNA was loaded onto a 0.75% low-melting-
point agarose gel prepared in TBE (0.05 M Tris borate/1 mM
EDTA, pH 8.2). Electrophoresis was carried out at 4°C and
35 V for =60 hr, after which the region of the gel containing
DNA fragments between 12 and 20 kilobases long was cut
out. The agarose slices containing DNA were melted at 65°C,
cooled to 42°C, and extracted with TE-equilibrated phenol
also at 42°C. After centrifugation, the aqueous phase was
extracted once more with phenol, then twice with phenol/

Abbreviations: V, variable-region gene; J, joining-region gene; C,

constant-region gene; Ty, cell, helper T lymphocyte; T, cell, cytolytic

T lymphocyte; T cell, suppressor T lymphocyte; MHC, major

histocompatibility complex.

*Present address: Department of Biochemistry, University of Cali-
fornia, Berkeley, CA 94720.
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Table 1. Description of cell lines and summary of analysis of y gene rearrangement
Description* v gene rearrangement’

Cell line Type Specificity Phenotype Ref. Vo JoC,y Vi JiCy ViJsCy Vs Vs
3D10 T, KLH CD5°8~ 40 ++ - ++ X d - D D D D
Al15.1.17 T, Allo/class 11 CD4+8~ 41 ++ + + - - - D - D -
20.2 Th Allo/class 11 CD4%8~ 2 - - + - - - D - D -
(0] (9 Ty HY /class 11 CD4+8~ ¥ + + - - - - - - - -
OH2 T, HY/class 1 CD4-8* i ++ + + - - - D - D -
OH8 T. HY/class 1 CD4-8* i + + + X - - D D D D
4K3 T, Allo/class 1 CD4-8* 27 + + + + - - D D D D
2C T. Allo/class 1 CD4-8* 1 ++ + + + - - D D D D

*From the indicated reference or source. The one T-suppressor (T;) cell line studied (3D10) is specific for keyhole limpet hemocyanin (KLH).
The specificities of the cytolytic T (T.) and T-helper (T,,) cell lines are given as antigen/MHC product.

TDetermined by Southern blot analysis (Fig. 2 and ref. 6). Minus sign () indicates unrearranged V gene allele; +, rearranged; ++, functionally
rearranged; D, deletion of gene from chromosome; X, absence of rearranged gene, presumably by chromosomal deletion (see text); d, presumed

local deletion not resulting in V,J4 juxtaposition (see text).

¥Characterized by, and gifts of, O. Kanagawa (Eli Lilly Research Laboratories, La Jolla, CA).

CHCl; (1:1, vol/vol) and twice with CHCIl;/isoamyl alcohol
(24:1). The DNA was precipitated with ethanol, treated with
calf intestinal alkaline phosphatase, and ligated with EcoRI-
digested X phage EMBL4 arms prepared and used as de-
scribed (42).

DNA Sequence Determination. DNA was prepared from
200-ml lysates of purified phage clones containing y gene
sequences as described (43). After complete digestion with
Rsa 1 (with one exception, see legend to Fig. 3) =15 ug of
DNA was subjected to the standard base-specific chemical
cleavage reactions of Maxam and Gilbert (44). Standard 8%
acrylamide sequencing gels were run and the DNA was
transferred to GeneScreen membrane (New England Nucle-
ar) and hybridized as described (45, 46). The probe, indicated
in the legend to Fig. 3, was radiolabeled as described by
Reilly et al. (47). The filters were washed three times in 0.3
M NaCl/0.03 M sodium citrate, pH 7/0.1% NaDodSO,
warmed to 65°C and three times in 0.15 M NaCl/0.015 M
sodium citrate, pH 7/0.1% NaDodSO, warmed to 65°C.
Sequences were read from films exposed overnight to the
filters. The V1J4C,4 clone was sequenced by conventional
Maxam and Gilbert methods (44).

RESULTS

Fig. 1 depicts the various y gene segments in their presumed
germ-line configuration. Only certain rearrangements seem
to occur. As indicated by arrows these are V1J4C4, VoJ,Cs,
V4J1Cy, VsJ1C1, and VeJ1Cy (1, 3-6). The rearrangement of
Vs to J3C5 can occur, but as Cj is defective the rearranged
gene is nonfunctional (3). In order to determine the pattern of
v gene rearrangement in the cell lines described in Table 1,
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Fi1G. 1. Organization of the y genes. The position of the three
gene clusters with respect to one another has not been determined.
The straight arrows above the V regions indicate direction of
transcription. The curved arrows below the lines indicate the
possible V-J rearrangements. C;-C, are constant-region genes.

Southern blot analyses were performed. Fig. 2 a and b display
the rearrangement patterns seen using the Vg and C, probes,
respectively; the results with probes for the other genes have
been reported (6). The results of the Southern blot analyses
are tabulated in Table 1. With this information we were able
to isolate, from genomic DNA libraries, clones representing
each of the rearranged y genes of each cell line. We then
determined the nucleotide sequence spanning the junction of
the V and J regions of a number of clones from each library
until unique sequences were obtained for each rearranged
gene (Fig. 3). These sequences were then evaluated for the
maintenance of the reading frame through the V-J region that
would permit translation of the complete y gene. Those genes
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FiG. 2. Southern blot analyses of T-cell lines included in this
study. (Line A15.1.17 is mistakenly labeled as A15.17.1.) (a) EcoRI-
digested DNA hybridized with a probe detecting V. (b) Kpn
I-digested DNA hybridized with a V, probe. Results of these blots
and those described in ref, 6 are tabulated in Table 1. Markers at right
indicate the positions and sizes (kilobase pairs) of the HindIII
fragments of phage A DNA used as molecular size markers.
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demonstrating this capacity are referred to as functionally
rearranged and are noted in Fig. 3.

Because the goal of our study was to determine if a correla-
tion exists between T-cell subsets and the potential for y gene
expression, we chose cells representing a cross-section of the
T-cell subsets. Two T}, cell lines were studied, OI6 and 20-2, and
were found to contain no functionally rearranged y genes. These
cells both express CD4, but not CD8, and both are specific for
class II MHC molecules. Line 20-2 is an alloreactive cell line,
whereas OI6 is specific for the male-specific antigen HY.
Another of the cell lines we studied, A15.1.17, shares many of
these characteristics—i.e., allospecificity, class II specificity,
and CD4 expression—but is a T, cell line. It contains a single,
functionally rearranged V,J,C, gene. In A15.1.17 the other
V>J,C, gene is not functionally rearranged, and the one V,;J,C;
rearranged gene is also nonfunctional.

Four additional T, cell lines were studied, all class I-
specific and CD8*, CD4~. Two of these (2C and 4K3) are
allospecific and two (OH2 and OHS8) recognize the HY
antigen. Cell lines 2C and OH2 each contain a single func-
tional V,J,C, rearrangement. As in AlS5.1.17, all other
rearranged genes in these two cell lines are nonfunctional. In
cell lines 4K3 and OH8, however, no functionally rearranged
v genes are present. In 4K3 four unique nonfunctional
sequences were found. In OHS8 all V,J,C; clones contained
the same sequence, which is nonfunctional; possible expla-
nations of this will be discussed below. A single T cell line,

germline V4 --- TCC TAC GGC T
germline V, --- GTC TGG ATG AG . . .
Cell
Vg --- TCC TAC GGC T T T AGC
3010
V2 --- GTC TGG ATG A AT AGC
V4 --- TCC TAC GGC T CC AT AT AGC
A15-17-1
V2 --- GTC TGG ATG AG C GAA AGC
V2 --- GTC TCG AT AGC
Vg4 --- TCC TAC GGC T AA TAT G GC
OH2
V2 --- GTC TGG TGA AGC
V2 --- GTC TG CCAA T AT AGC
Vg --- TCC TAC GGC T AA T AT AGC
OH38
V2 --- GTC TGG A GG GT AT AGC
Vo --- GTC TGG ATG TC AGC
0I6 Vo --- GTC TGG AT GGT TCA T AT AGC
V2 --- GTC TGG TAA TT T AGC
20.2 Vq --- TCC TAC GGC T CC AT AT AGC
V4 --- TCC TAC GGC T AA CGT AC AGC
Vg4 --- TCC TAC GGC T AGC
4K3
V2 --- GTC TGG ATG AG GGT AT AGC
V2 --- GTC TGG ATG AG AGC
Vg4 --- TCC TA T TAG AT AT AGC
V4 --- TCC TAC GGC GC AT AGC
2C
Vo --- GTC TGG ATG AG AT AT AGC
V2 --- GTC TGG CCC AT AT AGC
1
germline J2 --- AT AGC

TCA
TCA

TCA
TCG
TCG
TCA
TCG
TcG
TCA
TCG
TCG

TCG
TCG

TCG
TCA
TCA
TCG
TCG
TCA
TCA

TCG
TCG

A C
TC_GG_ TTT . . . .
G T

Proc. Natl. Acad. Sci. USA 84 (1987)

3D10, was available for our study and it was found to contain
two functionally rearranged genes: one is a V,J,C, rearrange-
ment, the other a V,J,C, rearrangement. In this cell an
aberrant rearrangement appears to have occurred at one of
the V1J,4,C4 loci. We presume that a deletion has resulted in
the shortening of the distance between V; and C,, although
this has not resulted in union of V; and J;. Whatever the
mechanism of this deletion, it did not involve the hepatamer/
nonamer nucleotide sequences recognized as being involved
in lymphocyte receptor gene rearrangement (48-51). As was
the case with OHS, only one V4J,C; sequence was obtained
from 3D10. The Southern blot analyses of OH8 and 3D10 (see
Table 1 and ref. 6) indicated that no V, or C; genes remain in
the germ-line configuration. Because we sequenced five
V4J1C1 clones from 3D10 and ten from OHS8, we believe that
only one V,J,C; gene remains in these cell lines. As all y gene
segments are located on chromosome 13 (52) and each cell
contains two V; and two C, gene segments, we conclude that
at least the V3J,C;-containing region of one chromosome 13
has been deleted in both 3D10 and OHS.

DISCUSSION
Functional ¥ Gene Is Unnecessary in Mature T Cells. It is
apparent from our study that none of the recognized T-cell
subsets can be shown to consistently contain cells in which
the y gene is functionally rearranged. While this may lend
credence to the hypothesis that y gene product is necessary

In Frame ?
- yes
---J2 yes
---J no
---J2 yes
-==J2 no
--=J1 no
--=J no
.- J% yes
Fi1G. 3. Sequences of the V-J
junctions of rearranged y genes.
- no The sequence of each rearranged
-y no v gene of each cell line is indicat-
. no ed. (Line A15.1.17 is mistakenly
labeled as A15-17-1.) Only the se-
quence flanking the junction is
o jz :g given. The germ-line sequences of
2 V, and V, are at the top; those of
J, and J, are at the bottom. V,
--- 0 no sequence is from ref. 3; the precise
3’ end of the V, coding region is
g no not l_mqwn. anctional junctions
- Ji no are indicated in bold type. The
upper V, sequence from cell line
---J2 no 4K3 was sequenced from a Cla 1
--=J2 no site in the V, region (see ref. 6)
because of the Rsa I site created at
J the V-J junction. The probe used
--=-J1 no .
—- 3 no to determine these sequences was
a synthetic tetracontamer corre-
---J2 yes sponding to the 34 nucleotides at
---J2 no the 3’ end of the J region and 6

noncoding nucleotides (see ref. 3).
Its sequence, 5’ to 3', is GCA
GAA GGA ACT AAG CTC ATA
GTA ATT CCC TCC G
GTAAGT.
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only to members of a novel subset of T cells (32, 36), at least
two other explanations can be offered. Additional members
of the y gene family may exist that have not yet been
discovered and hence are not included in our survey. Initial-
ly, only a single combination of y gene segments, V,J,C,, was
shown to be expressed (1, 2), although two other V gene
segments, V; and V3, and two C segments, C; and C;, were
recognized and cloned by virtue of their cross-hybridization
to the V,J,C, probe (3). Subsequently, the y gene repertoire
was found to be larger, when the V,, Vs, and Vg gene
segments were found by virtue of their rearrangement to C;
(5, 6, 28, 37). An additional C region, C,, was detected (4)
because of its rearrangement to V;. Although an extensive
search has not been made, preliminary results of Southern
analyses performed at low stringency suggest that other vy
gene segments may in fact exist (unpublished data). An
alternative explanation for the absence of functional y genes
in some mature-T-cell lines is that secondary rearrangements
have occurred. If the v gene is not required beyond a certain
developmental stage, a functionally rearranged y gene could
be displaced by subsequent rearrangement of another vari-
able gene segment, resulting in a nonfunctional y gene.
Although evidence for such events has not been found for the
v gene, neither has it been sought. Approximately 20% of the
rearranged y gene clones obtained from a genomic library
made from day-17 fetal thymocytes contained VsJ,C; or
VeJ1C1 sequences, and all of those sequenced were functional
(ref. S; K. Sizer and D. Raulet, personal communication). In
the functional T-cell clones examined here, and in peripheral
T cells (5), however, the Vs and Vg gene segments are either
deleted or in the germ-line (unrearranged) configuration.
Therefore, genes having primary functional rearrangements
to Vs or Vg could undergo secondary rearrangements to Vy,
yielding nonfunctional genes. If such events occur in cells
between the time the vy gene functions in its hypothetical role
in the thymus and the mature stage represented by the T-cell
lines studied here, the dearth of functional V4J,C; rearrange-
ments observed in this study could be explained. There is
evidence that secondary rearrangements occur in the immu-
noglobulin system (53, 54), and the heptamer sequence
thought to be required for such rearrangement is present in
the Vs and Vg gene segments (5).

Allelic Exclusion of the y Gene. Our study has revealed that
although mature functional T cells always include at least one
rearranged y gene, they may exhibit a variety of rearrange-
ment patterns for the y gene segments, including many
segments that remain in the unrearranged, germ-line config-
uration (e.g., line 20.2). We have found that mature T cells
may contain no functional rearrangements, but we have
never found a cell exhibiting more than one functional
rearrangement at a particular y gene locus. At least three
other groups have reported similar results (27, 28, 38). These
results suggest that y gene rearrangement is subject to
pressure to avoid multiple functional rearrangements. This is
consistent with the idea that the y gene is subject to allelic
exclusion (39). For both immunoglobulin and T-cell recep-
tors, allelic exclusion restricts functional rearrangement of
the appropriate receptor gene to a single allele. This ensures
that only receptor of a single specificity will be assembled in
any one cell. Allelic exclusion is a rare phenomenon; both
alleles of most autosomal genes are generally expressed.
Allelic exclusion seems to have evolved under the pressure
to ensure monospecificity of lymphocytes and seems to be
tightly coupled with clonal diversity of these cells. Hence, the
demonstration of allelic exclusion of the y gene strongly
suggests that the putative y8 heterodimeric receptor, wher-
ever expressed, displays clonal diversity. This supports the
prediction that the ligand for the 6 receptor is polymorphic.

The ¥ Gene Is Not Subject to Isotypic Exclusion. By virtue
of its multiple C-region genes, the y gene family can be

Proc. Natl. Acad. Sci. USA 84 (1987) 8073

considered to most closely resemble the A\ light chain gene
family of murine immunoglobulin (see ref. 55 for review). As
in the A gene family, there are multiple C, gene segments each.
associated with a single J gene segment. In the case of the
immunoglobulin light chain, there are four functional loci at
which a light chain gene may be productively rearranged:
three A loci and the single « locus. Presumably to prevent a
single B cell from producing receptors of multiple specificity,
isotypic exclusion ensures that only one isotype is produc-
tive; allelic exclusion ensures that only one allele of the
isotype is productive. This follows from the fact that all four
light chain loci provide the equivalent function to the B cell.
In cell line 3D10 we find functional rearrangements at both
the V1J4C4 locus and the V,J,C; locus. This is in apparent
violation of isotypic exclusion. This may mean that the C, and
C, vy gene segments are not isotypic in the strict sense and that
they are involved in different T-cell functions. What these
functions are remains unclear.

The absence of isotype exclusion in the vy genes is curious
in light of information available about the y gene product. By
use of antibodies directed against either CD3 or the vy gene

product, a protein has been detected on the surfaces of

immature T cells in both the human (29, 32-36) and the mouse
(30, 31). There is also evidence that human peripheral T cells
express a product of the y gene (34-36). The human y gene
family, although organized differently than in mouse, con-
tains two C-region gene segments (56-61). Two distinct
forms of human y polypeptide have been reported (32, 34, 35)
and are distinguished by whether or not they are members of
a disulfide-linked heterodimer. The nucleotide sequences of
the C gene segments (56—61) clearly account for this differ-
ence and indicate that the two forms of y polypeptide are the
products of different genes. Differential expression of these
genes in the development of the different human T-cell
subsets has not been studied. Studies with the mouse indicate
that the expression of C; and C, differ in that the C; gene
segment (as detected by V, probe) is not expressed in
peripheral T cells or cloned T-cell lines (5, 6, 23, 24), whereas
the C, gene segment often is expressed in T-cell lines (1, 2,
6). Using an antibody directed against the murine vy polypep-
tide, Lew et al. (30) determined that only C; is expressed by
immature thymocytes. The differential expression of the C;
and C, gene segments in mouse and the identification of
significantly different forms of the vy protein in humans
suggest that, rather than being isotypic, the different y genes

-provide different functions.
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