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T Cell Receptor B-Chain Gene Rearrangement without y-Chain
Gene Rearrangement in Cutaneous T Cell Lymphoma:
An Unusual Finding'
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T cells from the blood and skin of a patient with cutaneous T celi lymphoma demon-
strated rearrangement of the T cell receptor B-chain gene in the absence of rearrange-
ment of the y-chain gene. To our knowledge, this has not been previously reported. This
finding was unexpected in light of prevailing concepts of T cell ontogeny. Potential
explanations for it are discussed. © 1990 Academic Press, Inc.

INTRODUCTION

T cells express antigen-specific receptors on their surface. The T cell receptor
(TCR) expressed by most mature peripheral T cells has been characterized as a
heterodimer consisting of a and B chains. The cDNAs encoding these chains have
been cloned and are composed of variable-, diversity-, joining-, and constant-
region gene segments. These segments undergo rearrangement during thymic de-
velopment of T cells, analogous to the immunoglobulin rearrangement character-
istic of B cells. This process generates a unique receptor for each clonally derived
T cell population.

In addition to genes encoding for the o and B subunits of the TCR, additional
genes have been discovered to encode for a -y chain and its partner 8 chain. Each
of these genes consists of variable-, joining-, and constant-region genes which also
rearrange during T cell development, albeit with less potential for diversity.

Studies of fetal thymocytes demonstrate that the TCR-y/3 heterodimer is the
first receptor to appear in thymic ontogeny, preceding the TCR-a/8 by 2-3 days
(1). Analysis of TCR gene rearrangements in human T cell leukemias and lym-
phomas has shown TCR-y gene rearrangements in the absence of TCR-B gene
rearrangements (2-6). These data have been used to support the prevailing con-
cept that y-chain gene rearrangements precede B-chain gene rearrangements in T
cell ontogeny. It has been proposed that T cells initially rearrange the y- and
d-chain genes. If successful, and functional protein is made, rearrangements of a-
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and B- chain genes do not occur, and a y/3-chain TCR is expressed. If a functional
protein is not produced, T cells will then go on to rearrange the a- and B- chain
genes.

We report here a case of cutaneous T cell lymphoma in which the malignant T
cells demonstrated a TCR-B gene rearrangement in the absence of a TCR-y gene
rearrangement. Thus, this experiment of nature is in apparent contradiction to the
existing concept of T cell ontogeny. Potential explanations for this unusual finding
will be discussed.

PATIENTS AND METHODS

Case Report

A 70-year-old man presented with an 11-year history of erythematous, scaly
patches on the face and back. At the time of presentation, the eruption had
become more widespread and he had developed several plaques on the back. The
physical examination was otherwise unremarkable. In particular, there were no
lymphadenopathy or organomegaly. Investigations revealed marked leukocytosis
(50.0 x 10°Mliter; normal range 3.0-9.0 X 10%/liter) with greater than 90% atypical
leukemic Sezary cells. The following tests were within normal limits: hemoblobin,
red cell indices, platelet count, prothrombin time, partial thromboplastin time,
blood urea nitrogen, serum creatinine, total protein, serum protein electrophore-
sis, serum immunogiobulins, serum albumin, total bilirubin, lactate dehydroge-
nase, alkaline phosphatase, aspartate aminotransferase, alanine aminotrans-
ferase, uric acid, triglycerides, cholesterol, calcium, phosphorus, magnesium,
urinalysis, and chest radiograph. Multiple skin biopsy specimens showed the
same histological pattern of a dense dermal infiltrate consisting of atypical lym-
phocytes and multiple Pautrier microabscesses. These histological findings were
diagnostic of cutaneous T cell lymphoma. Immunohistochemical studies revealed
that the malignant infiltrate was entirely of the T helper (CD3*CD4*CD8 ™) phe-
notype.

DNA Blot Hybridization Analysis

High molecular weight DNA was extracted from a 6-mm punch biopsy speci-
men of a CTCL skin tumor and from peripheral blood mononuclear cells isolated
by Ficoll-Hypaque centrifugation and purified by detergent lysis, proteinase K
digestion, and phenol extraction as previously described (7). For each sample, 7.5
png of DNA was digested with EcoR1, HindlIl, or BamHI restriction endonu-
cleases, size-fractionated by electrophoresis on a 0.8% agarose gel, and then
transferred to nylon filters (Zeta Probe, Bio-Rad) by the technique of Southern
(8). *?P-labeled cDNA probes were prepared by random priming (9) and the filters
were hybridized under stringent conditions and autoradiographed as previously
described (10). DNA isolated from the T cell lymphoblastic leukemia cell lines,
Jurkat and Molt-4, and from Scl-1, a squamous cell carcinoma cell line, were used
as internal controls for rearranged and germline DNA, respectively.
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DNA Probes

Rearrangements of the TCR-B-chain gene were detected by a 400 basepair (bp)
Ava 1/Pstl fragment of the cDNA clone YT35 (11) (a gift of Dr. T. Mak). This
probe, designated cf1, hybridizes to both constant regions of the TCR-B gene.

TCR-y gene rearrangements were mapped by hybrization with a 700-bp
HindIIl/EcoR1 fragment of human genomic DNA clone M13H60 (12) (a gift of Dr.
T. H. Rabbitts). This probe, designated jyl, can detect hybridizations to both
joining regions 1 and 2 of the TCR-y-chain gene.

Rearrangements of the immunoglobulin heavy chain (Ig H) gene were detected
with a jH probe; this probe consists of a 6.0-kb BamHI/HindIII fragment contain-
ing the joining region of the Ig H chain, as previously described (13).

RESULTS

DNA blots of EcoR1, Hindlll, and BamHI digests of the patient’s genomic
DNA were hybridized against the TCR-B constant region probe and demonstrate
rearrangement of the TCR-B-chain gene of the malignant T cells in the blood (Fig.
1, panels III, V) and skin (Fig. 1, panel IV) of this patient. The absence of the
11.0-kb EcoR1 band (Fig. 1, panel I) and the marked reduction in the intensity of
the 4.0-kb HindllII band (Fig. 1, panel III} in the blood specimen suggest that both
chromosomes have rearranged and that the malignant clone comprises a large
proportion of the peripheral blood mononuclear cells. DNA isolated from the skin
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Fi1G. 1. Southern blot hybridization analysis of the T cell receptor B chain genes (TCR-B). DNA
analysis of the patient’s blood (I, I1I, V) and skin lesion (Il and IV) with the TCR-B probe, cpl1, after
digestion with EcoR1, Hindlll, and BamHI. P represents the patient’s specimen and C represents the
control specimen. Dashes indicate germline bands in kilobases. Arrows point to the rearranged bands.
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displays the same pattern as that detected in the blood specimen, except the
intensity of the 11.0-kb EcoR1 and 4.0-kb HindIIl bands (Fig. 1, panels II, IV) is
increased, reflecting the presence of keratinocytes and other cell types in the
tissue sample.

The fact that the same rearranged pattern has been generated on both the skin
and blood specimens in three separate experiments indicates that the rearrange-
ment is real and not likely to be an artefact of partial digestion. Moreover, the
absence of the 11.0-kb EcoR1 fragment (Fig. 1, panel I) and the near absence of
the 4.0-kb Hindlll fragment (Fig. 1, panel III) are consistent with a deletional
rearrangement of the ¢l locus and indicate that DNA digestion had been com-
plete. The presence of a rearranged band in the BamHI digest (Fig. 1, panel V)
provides further evidence that rearrangement of the TCR-B gene was indeed
present.

In contrast, when the filters were hybridized to a TCR-y joining region probe to
detect rearrangement of the TCR-vy gene, no rearrangement was detected by any
of the three restriction enzymes (Fig. 2). No rearrangement of the Ig H chain gene
in the patient’s blood specimen could be detected (Fig. 3).

DISCUSSION

Our finding of the presence of TCR-B-chain gene rearrangement in the absence
of TCR-y-chain gene rearrangement in this case was unexpected. In search of
possible explanations, we first considered the possibility that the TCR-y joining
region probe used in this case might not detect all possible rearrangements of the
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FiG. 2. Southern blot hybridization analysis of the T cell receptor vy chain genes (TCR-vy). DNA
analysis of the patient’s blood with the TCR-v joining region probe, jyl. after digestion with EcoR1,
HindIll and BamHI. P represents the patient’s specimen and C represents the control specimen.
Dashes indicate germline bands in kilobases. No rearranged band is present. Two control lanes with
HindIIl are shown and represent a polymorphism site at the HindIII sequence in the TCR-v joining
region.
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FiG. 3. Southern blot hybridization analysis of immunoglobulin heavy chain gene. DNA analysis of
the patient’s blood with the immunoglobulin heavy chain joining region probe, jH, after digestion with
BamHI. P represents the patient’s specimen and C represents the control specimen. No rearranged
band is present in the patient’s specimen.

TCR-y gene. However, this is very unlikely, especially when three restriction
enzymes were used. In particular, BamHI digestion generates large DNA frag-
ments which envelop all the known joining regions so that any rearrangement of
the TCR-y-chain gene should be detectable by our probe (14).

Another explanation is that the malignant transformation of the T cells in our
patient might have deleted the TCR-y-chain genes. Our experimental evidence,
however, indicates that this has not occurred. As mentioned earlier, the malignant
T cells constitute a large fraction of the peripheral blood mononuclear cell pop-
ulation. If the TCR-y-chain genes were deleted from these cells, we would expect
a marked decrease in the amount of DNA that would hybridize with the TCR-y
probe resulting in a significant reduction in the intensity of the bands on our blots.
The fact that dense bands were present indicates that the TCR-y-chain genes in
the CTCL cell population were intact, and that the TCR~y-chain region was in a
germ line configuration.

Our patient has cutaneous T cell lymphoma. In this disease, it is believed that
the malignant T cells originate from T cells with affinity for the skin. Whether
these ‘‘cutaneous’ T cells are the same as other T cells is not known. As the skin
is capable of producing various thymic hormones (15-18) and cytokines (19, 20),
it has been suggested that the skin may be an extrathymic site for T cell devel-
opment (16, 21-23). It is conceivable that the cutaneous T cells may have devel-
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oped and matured in the skin, bypassing the thymus, as has been suggested for
murine Thy-1" dendritic epidermal cells (24, 25). T cell ontogeny in this cutane-
ous microenvironment may not be as well regulated as in the thymus. Thus, the
malignant T cells in our patient, having developed in the skin, may exhibit unusual
patterns of gene rearrangement.

So far, there has not been an extended, systematic study of both TCR-B- and
v-chain gene rearrangements in CTCL; most reported series have examined
B-chain gene rearrangements only. Our limited experience on six other cases of
CTCL has revealed a variety of rearrangement patterns. Four cases have rear-
rangements of both B- and y-chain genes; one case rearranged the y-chain genes
without rearrangement of the B-chain genes; and another case showed a y-chain
gene rearrangement and an equivocal B-chain gene rearrangement (data not
shown).

A fourth possibility is that T cells need not sequentially rearrange the TCR-y
gene followed by the TCR- gene, as the current concepts of T cell ontogeny hold.
Recently, some in vitro evidence has accumulated to suggest that TCR-+y receptor-
bearing cells belong to a separate lineage distinct from the TCR-a/B receptor-
bearing cells (25, 26). Our finding in this case suggests that there are TCR-a/p
receptor-binding cells that may totally bypass the vy gene rearrangement process,
thus lending support to the separate lineage concept.

In conclusion, our case demonstrates that TCR-B-chain gene rearrangement can
occur in the absence of TCR-y-chain gene rearrangement. This raises doubts in
our current understanding of T cell ontogeny which depicts an orderly sequence
of v/3 gene rearrangements followed by «/B-chain gene rearrangements. It also
raises the interesting possibility that T cells residing in the skin may undergo an
altered sequence of TCR rearrangements and T cell differentiation.
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