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Abstract PCR is the method of choice for assessing
antigen receptor gene rearrangement in suspect cutane-
ous infiltrates. It is a powerful and robust technique, but
not without certain limitations and pitfalls. Of particular
importance in the analysis of lymphoproliferations in the
skin are the quality of DNA obtainable, an understand-
ing of how primer choice may influence sensitivity and
issues surrounding pseudoclonality. When interpreting
results, cognisance must also be taken of the well-
documented fact that monoclonal T-cell receptor and
immunoglobulin gene rearrangements are not infrequent-
ly encountered in benign reactive cutaneous disorders.
We discuss these issues in detail herein, and outline the
situations in which we believe clonality testing may add
value to assessing the biological nature of a cutaneous
lymphoid infiltrate. Lastly, we emphasize the importance
of interpreting any results derived from PCR assays in
the context of the clinical, histological and immunopheno-
typic findings.

Keywords Polymerase chain reaction . Skin . Cutaneous
infiltrates . Clonality . Reactive . Neoplastic

Introduction

The histological diagnosis of cutaneous lymphoid infiltrates
is challenging, particularly when it comes to differentiating
florid reactive proliferations from certain subtypes of lym-
phoma, especially in their early stages. Immunophenotypic
analysis is often helpful. Demonstration of aberrant antigen
expression or light chain restriction in B-cells, or abnormal
antigen expression, loss of pan-T-cell antigens or T-cell
subset imbalances can help render a diagnosis of lym-
phoma in the appropriate clinical setting [1–3]. Molec-
ular genetic findings are increasingly also incorporated
into the diagnostic process. When a lesion is already
thought to be lymphomatous on the basis of histological
and immunophenotypic findings, their role may be con-
firmatory. However, in a significant number of cases, it
remains difficult to differentiate between reactive and
neoplastic cutaneous infiltrates on the basis of the pathologi-
cal findings alone. In such instances, molecular clonality
studies are often employed in the hope that they will provide
sufficient additional information for a specific diagnosis to be
rendered.

Southern blot analysis was long considered the gold
standard for clonality assessment, but it has several disad-
vantages for use in routine diagnostic practice. These in-
clude a requirement for fresh or frozen tissue and the labour
intensiveness of the technique [4]. Southern blot analysis
has therefore been almost completely superseded by poly-
merase chain reaction (PCR), which can be applied relative-
ly easily and cheaply to formalin-fixed, paraffin-embedded
tissues. This review, therefore, focuses predominantly on the
role of PCR for clonality testing in the assessment of cuta-
neous lymphoid infiltrates. The theory underlying this tech-
nique and the limitations and pitfalls it is subject to are
discussed in more detail elsewhere [5]. This review will
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focus on issues that are particularly relevant to clonality
assays in skin biopsies, as outlined below:

& Technical issues

– Choice of primer: T-cell receptor assays
– Choice of primer: immunoglobulin assays
– Pseudoclonality

& Clonality in “benign” cutaneous infiltrates

– T-cell clones in benign dermatoses
– B-cell clones in benign cutaneous lymphoid infiltrates
– Possible explanations for “clonal” dermatoses

& PCR for clonality testing in routine practice

– Diagnosing early stage mycosis fungoides
– Evaluation of the erythrodermic patient
– PCR testing in cutaneous T-cell lymphomas other than

mycosis fungoides/Sezary syndrome
– Differentiating cutaneous B-cell lymphoma from reac-

tive mimics
– Antigen receptor gene rearrangements as an adjunct to

lymphoma classification

& Conclusions

Technical issues

There are a number of factors that influence the sensitivity
of PCR analysis when testing for clonality. Most of these,
including the quality and quantity of DNA available, and
method of PCR product detection [5], are discussed in detail
elsewhere within this issue and will not be further
addressed. This section will focus on technical aspects that
are particularly relevant to the study of cutaneous lymphoid
infiltrates.

Choice of primer: T-cell receptor assays

T-cells may express receptors comprising either an α/β or γ/δ
heterodimer. Thus, four genes are available as targets for T-
cell receptor (TCR) clonality assays. The TCR-gamma
(TCRG) gene has a relative paucity of variable (V) and joining
(J) segments. Consequently there are a limited number of
TCRG gene rearrangements that can take place, making it
feasible to cover all possible combinations with a relatively
limited number of primers. Also, TCRG gene rearrangement
occurs early in T-cell development and is present in most
αβT-cells (95%) as well as γδ T-cells [5]. Thus, the TCRG
gene is an attractive target for routine diagnostic use and is the
traditional method employed for clonality assessment in cuta-
neous T-cell infiltrates.

Varying sensitivities, defined as the percentage of cuta-
neous T-cell lymphoma cases in which a dominant mono-
clonal population of T-cells can be demonstrated, are
reported for TCRG clonality assays applied to the assess-
ment of lymphoid infiltrates in the skin. In cases of unequiv-
ocal cutaneous T-cell lymphoma, diagnosed on the basis of
histology, immunophenotype and clinical features, the
reported sensitivity varies from 50% to >90% [6–19].
Therefore, although good coverage of all possible rearrange-
ments is achievable for the TCRG gene, the possibility of
false negative results remains.

Targeting the TCR-beta (TCRB) gene is more complex
and in terms of sensitivity, as defined above, only gives
comparable results at best, detection rates of between 60%
and 98% being reported [8, 12, 16, 19]. However, TCRB
assays may detect clonal TCR rearrangements in occasional
cases negative by TCRG assessment, resulting in a slightly
improved overall sensitivity when both assays are combined
[12, 18, 19]. For example, in a recent study using formalin-
fixed, paraffin-embedded tissues from cases of cutaneous T-
cell lymphoma together with BIOMED2 and in house pri-
mers, the sensitivity for TCRG gene analysis alone was 86%
and for TCRB it was 78%. Combining TCRG and TCRB
assays increased the sensitivity to 90% [3].

Choice of primer: immunoglobulin assays

Immunoglobulin (IG) molecules comprise two identical
heavy chains held together by disulphide bonds and com-
bined with two identical light chains of either kappa or
lambda type. Both heavy and light chain genes represent
potential targets for PCR amplification and assessment of
clonality. In addition, incomplete IG heavy chain gene rear-
rangements, in which initial DH-JH joining takes place but
without subsequent VH coupling, are found relatively fre-
quently in acute B-lymphoblastic leukaemias and can also
be found in some mature B-cell neoplasms. These DH-JH
rearrangements can also be successfully amplified by PCR
and constitute an addition target for clonality testing [5].

Early studies using PCR to assess B-cell clonality in skin
biopsies reported widely varying sensitivities, ranging from
34% to 86% [20–28]. As with T-cell clonality, much of this
variation can be attributed to differences in techniques
employed (including choice of primer), the nature of the
tissue under study (fresh/frozen material versus formalin-
fixed, paraffin-embedded tissues) and the study size. More
recent reports studying the efficacy of BIOMED-2 proto-
cols, although relatively limited in number, provide some
useful insights into developing an effective strategy for
studying B-cell clonality in cutaneous B-cell infiltrates.
The BIOMED-2 consortium developed eight reaction mix-
tures analysing IG gene rearrangement. Five multiplexed
reactions target the IG heavy chain gene. These contain
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primers for the framework (FR) 1 (IGH tube A), FR2 (IGH
tube B) and FR3 regions, as well as two tubes targeting
incomplete DH-JH IG heavy chain rearrangements (IGH
tubes D and E). There are also two reaction mixes designed
to amplify IG kappa (IGK) rearrangements, including one
targeted at the kappa deleting element (IGK tubes A and B
respectively), and one for IG lambda (IGL) light chain
rearrangements (IGL tube A) [5]. The various reaction mix-
tures and expected product sizes are listed in Table 1.

Sandberg and colleagues were the first to study
BIOMED-2 protocols in B-cell clonality assays in the skin
[12]. Monoclonality was demonstrated in 86% of known
primary cutaneous B-cell lymphomas (PCBCL), but the
study only included seven cases and used fresh/frozen tissue
as a source of DNA [12]. Subsequent studies on larger series
focusing on formalin-fixed, paraffin-embedded (FFPE) tis-
sues documented sensitivities of 56% [20], 62% [29], 85%
[30] and 94% [31]. Although the combinations of primers
used in these studies are not equivalent, all employed
BIOMED-2 protocols at least in part, and it is possible to
draw some useful conclusions by comparing the results of
this aspect of the investigations.

In general, the greater the number of primer combinations
used, the higher the detection rate of monoclonal B-cell
populations. In the two studies with the highest detection
rates, primers to both IG heavy chains and IG light chains
were employed. The complete set of BIOMED-2 primers
were used in one of these studies, whilst the other employed
all tubes targeting the IG heavy chain gene as well as IGK

directed primers [30, 31]. Considering the IG heavy chain
reaction mixes alone, on first inspection those containing
FR1 and FR2 primers (IGH tubes A and B) appear to be
much less useful for routine use with FFPE tissues than FR3
primer sets. No amplification was achieved using BIOMED-
2 IGH tubes A and/or B in two of the studies [29, 31], and
they were only informative in 10/43 and 14/43 cases respec-
tively in a third [20]. This is likely to be due largely to the
poor quality and fragmented nature of DNA available for
analysis following formalin fixation, since the expected
product sizes for BIOMED-2 tubes A and B are much larger
than for tube C (Table 1). However, other factors may also
be at work since even samples containing DNA fragments
of at least 400 bp failed to amplify [20]. If DNA can be
successfully amplified, FR1 and FR2 primers appear to be
highly sensitive for detecting clonal B-cell populations in
skin. In informative cases, the sensitivity of FR1 primers is
90%, compared with 80% for FR2 and only 54% for FR3
[20]. Despite this, FR3 primers are likely to prove more
effective in routine practice as they provide a result on a
larger proportion of cases, albeit with a significant false
negative rate.

The addition of PCR reactions targeting IG light chain
genes can help circumvent the high false negative rate
encountered with FR3 primers. False negative results with
FR3 primers may arise for a variety of reasons. Using a
restricted number of primers increases the likelihood of
improper annealing, the limited number of consensus pri-
mers not containing a match for the sequence that requires
amplification. Incomplete IG heavy chain gene rearrange-
ments will also go undetected, as will some V-D-J rear-
rangements harbouring 3′ deletions of V-gene segments
[32–34]. Lastly, somatic hypermutation of the IG heavy
chain V-region gene may alter primer-binding sites and
create a false negative result. Somatic hypermutation is
particularly common in class switched or post-germinal
centre lymphomas. It is found with a high frequency in
primary cutaneous follicle centre lymphoma and primary
cutaneous marginal zone lymphoma [36]. IGK genes have
a lower rate of somatic hypermutation than IG heavy chain
genes [35, 36]. IG kappa analysis has been shown to be
superior to IGH analysis in systemic lymphoma [36] and
also improves clonality detection rates when added to other
IG gene assays in PCBCL [30, 31], presumably by increas-
ing the diversity of primers available for binding and by
circumventing some of the problems attributable to somatic
hypermutation.

Pseudoclonality

Pseudoclonality is defined as the erroneous detection of a
seemingly clonal lymphoid population. The concept of
pseudoclonality emerged from studies examining the

Table 1 Expected size ranges for BIOMED2 multiplex PCR products

Multiplex PCR Reaction tube Product size range (bp)

IGH VH-JH Tube A (FR1-JH) 310–360

Tube B (FR2-JH) 250–290

Tube C (FR3-JH) 100–170

IGH DH-JH Tube D 110–290

390–420

Tube E 100–130

IGK Tube A 120–160

190–210

260–300

Tube B (Vk-Kde) 210–250

270–300

IGL Tube A 140–165

TCRB Tube A 240–285

Tube B 240–285

Tube C 170–201

285–325

TCRG Tube A 145–255

Tube B 80–220

TCRD Tube A 120–280
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minimum number of cells, or the minimum quantity of
DNA, required to detect or confirm a truly polyclonal pop-
ulation of lymphocytes. In reactive conditions, DNA
extracted from whole tissue sections produces a polyclonal
pattern when amplified by PCR. When this extracted DNA
is serially diluted, a critical level of template DNA is
reached, below which apparent monoclonal bands or peaks
appear [5]. This is true for both immunoglobulin and T-cell
receptor assays [37–42]. Similarly, small numbers of lym-
phocytes microdissected from reactive lymphoproliferations
may give rise to single dominant bands or peaks following
PCR amplification [37, 41]. The minimum amount of DNA
or number of cells below which pseudoclonality becomes a
significant problem is difficult to define, but the threshold
has been estimated to be between 20 and 40 ng of DNA, or
from 800 to 2,000 lymphocytes [5, 37, 38, 40–43]. Formalin-
fixed, paraffin-embedded tissues also seem to be more prone
to pseudoclonal results than fresh or frozen tissue [5].

Pseudoclonality is also thought to arise as a consequence of
preferential binding of primers to certain immunoglobulin or
T-cell receptor gene sequences at the expense of other sites for
which they have lower affinity, particularly if this occurs in the
first few rounds of PCR amplification [5]. When only a few
lymphocytes are present in a sample, the DNA derived from
only one or two TCR or IG genes may be preferentially
amplified (Fig. 1). This gives rise to a single band/peak or

doublet, with little if any polyclonal background (Fig. 2), the
latter representing a useful clue to the occurrence of this
phenomenon. Moreover, because of the random nature of
primer binding, pseudoclonal peaks or bands are rarely, if
ever, reproducible on repeat testing (Figs. 1 and 2).

Skin biopsies often contain sparse lymphoid infiltrates,
are often of small size and are usually formalin fixed. Even
when relatively dense cutaneous lymphoid infiltrates are
present, these may be dominated by cells of one or other
lineage, with only a few lymphocytes of the opposite type
present. Therefore, pseudoclonality is an important pitfall
and a major consideration when performing PCR clonality
assays on cutaneous infiltrates. B-cell pseudoclones are said
to be more frequently encountered than T-cell ones, but either
lineage may be affected [44]. For example, T-cell pseudo-
clones have been detected in drug eruptions, insect bite reac-
tions, eczema and psoriasis [7, 44] and B-cell pseudoclones in
insect bite reactions, lupus erythematosus, drug eruptions, B-
cutaneous lymphoid hyperplasia and near normal skin biop-
sies containing only sparse perivascular B-cells [39, 44, 45].
Pseudoclonality has also been detected in bona fide cases of
cutaneous T-cell lymphoma [7, 9].

Thus, all suspected monoclonal results should be con-
firmed by demonstrating the same clone in two or more
PCR assays, irrespective of the clinical and pathological
impression.

Fig. 1 One possible
explanation for pseudoclonal
results. When PCR is
performed on DNA extracted
from biopsies containing few
lymphocytes, preferential
binding of primers to certain
TCR or IG gene sequences may
occur at the expense of others. a
Successful amplification of one
rearranged antigen receptor
gene results in abundant
product (pink) compared to
others in which one or more
amplification rounds have
failed (blue, red). b Analysis of
the products of such a reaction
may give the erroneous
impression that a clonal
population of lymphocytes is
present (pink peak). A clue to
this phenomenon is the absence
of a polyclonal background
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Clonality in “benign” cutaneous infiltrates

Historically, the presence of a monoclonal TCR or IG gene
rearrangement has been taken as strong evidence that a
particular lymphoid infiltrate is neoplastic in nature [46,
47]. More recently, it has become increasingly evident that
clonal rearrangements of the antigen receptor genes can be
found in morphologically reactive lymphoid proliferations,
some studies documenting their presence in up to 10% of
cases [48]. This may be because of partial involvement by a
lymphoma or leukaemia that is missed or undetectable
on initial inspection because of low tumour content in
the biopsy. However, it has become increasingly evident
that truly reactive proliferations, both clinically and
pathologically, may also harbour dominant clones of
B-cells or T-cells.

T-cell clones in benign dermatoses

In the skin, monoclonal T-cell populations have been docu-
mented in a variety of benign dermatoses (Table 2). These
include lichen planus [49, 50], lichen sclerosus et atrophicus
[50], pityriasis lichenoides chronica [51, 52], pityriasis
lichenoides et varioliformis acuta [53–55], pigmented pur-
puric dermatoses [55–57], discoid lupus erythematosus [55],
systemic sclerosis [58], erythema nodosum [59], lupus pro-
fundus [60], reversible drug-induced hypersensitivity reac-
tions [55, 61, 62], psoriasis [59] and even chronic eczema
[15]. The reported incidences of clonality in these disorders
are variable, but relatively high if the results of selected
series are combined; 24% of lichen planus [49, 50], 67%
of PLEVA [53–55], 48% of PLC [51, 52, 55], 49% of lichen
sclerosus et atrophicus [50], 22% of drug-induced

Fig. 2 a PCR using primers for
the TCRγ gene show no
amplification in a first reaction.
b When repeated, a peak of 185
base pair size is present. c A
third amplification using the
same set of primers shows a
small peak of 192 base pair
size, but no peak of 185 base
pairs. The non-reproducibility
of the peaks means that they
should be regarded as “pseudo-
clonal”. The general absence of
a polyclonal background is an-
other clue as to their spurious
nature
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hypersensitivity reactions [55, 62], 42% of lupus profundus
[52], 48% of pigmented purpuric dermatoses [55–57], 45%
of systemic sclerosis [58] and 38% of chronic eczema [15].
The cases of clonal discoid lupus erythematosus (1/2) and
erythema nodusum (1/1) have been incidental findings
amongst larger collections comprising a variety of different
benign dermatoses [55, 59]. In addition, in one large series
including 72 patients with a variety of benign dermatoses,
17 (24%) harboured a monoclonal T-cell population [63].

B-cell clones in benign cutaneous lymphoid infitrates

Monoclonal IG gene rearrangements have also been docu-
mented in otherwise apparently benign reactive cutaneous
lymphoid proliferations. Most cases correspond to dense
nodular and/or diffuse dermal infiltrates that typically con-
tain follicular B-cell aggregates that may or may not possess
germinal centres, surrounded by a predominance of T lym-
phocytes [64, 65]. A confusing array of terminology has
been used to refer to such lesions, including lymphadenosis
benegna cutis, lymphocytoma cutis, Spiegler–Fendt sarcoid
and cutaneous B-cell pseudolymphoma [65]. However, cu-
taneous lymphoid hyperplasia (CLH) is probably a more
descriptively accurate moniker and is the one preferred for
use in this review. In a proportion of cases a precipitating

stimulus may be evident for the lymphoid hyperplasia, but
the majority are idiopathic in nature [65].

Monoclonal IG gene rearrangements have been docu-
mented in approximately 34% of idiopathic CLH by South-
ern blot analysis [66–69], and in around 21% of cases using
PCR techniques [31, 70–72]. In addition, clonality has been
demonstrated by PCR analysis in 2/33 (6%) of borrelia
associated CLH [73], 3/31 (9%) cases of borrelia associated
erythema chronica migrans [45], a single case of Jessner’s
lymphocytic infiltrate (1/2 included in the series of Fletch et
al.) [31] and one case of morphoea [30]. The details of these
studies are summarised in Table 3.

Possible explanations for “clonal” dermatoses

There are a number of possible explanations why clonal
populations may be encountered in reactive disorders, al-
though they are not mutually exclusive and a clear role for
one or more of them have yet to be established. Clearly, the
possibility of pseudoclonality must be excluded. This has
been done in a number of the quoted PCR studies by
demonstration of the same dominant clone on repeat testing
[30, 31, 45], and the fact that clones can also be demon-
strated by Southern blot [66–69] argues in favour of them
being bona fide. Moreover, in some cases, identical T-cell

Table 2 Previous studies dem-
onstrating clonal T-cell receptor
gene rearrangements in benign
cutaneous infiltrates

FFPE formalin-fixed, paraffin-
embedded, PCR polymerase
chain reaction, TCRG T-cell
receptor-gamma, DGGE dena-
turing gradient gel electrophore-
sis, HD heteroduplex gel
electrophoresis, PLC pityriasis
lichenoides chronic, TCRB T-
cell receptor-beta, PLEVA pity-
riasis lichenoides et variolifor-
mis acuta, PPD pigmented
purpuric dermatosis, PAGE
polyacrylamide gel electropho-
resis, DLE discoid lupus erythe-
matosus, HSR hypersensitivity
reaction
aIncludes cases in which same
clone was demonstrated in
more than one biopsy from the
same patient
bIncludes definite statement that
all clonal results were confirmed
on repeat testing

Authors Dermatosis Tissue Techniques Number of
cases clonal

Schiller et al. [49] Lichen planus FFPE PCR-TCRG/DGGE and
Genescan

9/36a

Lukowsky et al. [50] Lichen planus FFPE PCR-TCRG/HD and
GeneScan

3/14

Lukowsky et al. [50] Lichen sclerosus FFPE PCR-TCRG/HD and
GeneScan

19/39

Shieh et al. [51] PLC Fresh/frozen PCR-TCRG/DGGE 3/6a

Plaza et al. [55] PLC FFPE PCR-TCRB/GeneScan 2/9

Magro et al. [52] PLC FFPE PCR-TCRB/GeneScan 24/46a

Weis et al. [53] PLEVA Fresh/frozen Southern blot 3/3a

Dereure et al. [54] PLEVA FFPE PCR-TCRG/HD 13/20b

Plaza et al. [55] PLEVA FFPE PCR-TCRB/GeneScan 2/4a

Toro et al. [56] PPD FFPE PCR-TCRG/PAGE 12/17b

Plaza et al. [55] PPD FFPE PCR-TCRB/GeneScan 3/11a

Crowson et al. [57] PPD FFPE PCR-TCRG/Agarose gels 4/12

Kreuter et al. [58] Systemic sclerosis Fresh/frozen PCR-TCRG/GeneScan 20/44

Magro et al. [60] Lupus profundus FFPE PCR-TCRG/PAGE 8/19

Plaza et al. [55] DLE FFPE PCR-TCRG/GeneScan 1/2

Choi et al. [62] Drug induced HSR FFPE PCR-TCRG/PAGE 1/8

Brady et al. [61] Drug induced HSR FFPE PCR-TCRG/DGGE 2/14

Plaza et al. [55] Drug induced HSR FFPE PCR-TCRG/GeneScan 5/15a

Thurber et al. [59] Erythema nodosum Not stated PCR-TCRG/GeneScan 1/1

Thurber et al. [59] Psoriasis Not stated PCR-TCRG/GeneScan 1/8

Ponti et al. [15] Chronic eczema Fresh/frozen PCR-TCRG/HD 3/8
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clonal T-cell populations have been demonstrated in differ-
ent lesions from the same patient [49, 55, 59].

It is possible that, in some instances, dominant clones
arise as a consequence of chronic antigen driven selection,
particularly when a restricted number of epitopes are pres-
ent. This phenomenon is well described for both T-cell and
B-cell populations in a variety of situations. Examples
include progressively transformed and typically reactive
germinal centres, the latter being derived from between
one and five lymphocyte clones [5, 74, 75], and lymph
node and blood samples from patients with active Epstein–
Barr virus or cytomegalovirus infection which can show a
restricted TCR repertoire or TCR gene oligoclonality [76,
77]. Caution should also be exercised in interpreting results
in immunosuppressed patients, as these are also frequently
associated with restricted TCR repertoires [78–80]. It is
also well documented that autoreactive T cells may undergo
clonal activation and expansion in T-cell mediated autoim-
mune disease [81]. This may contribute to the incidence of
monoclonality in skin lesions of lupus profundus, discoid
lupus erythematosus and a high percentage of patients with
systemic sclerosis [56, 59, 62].

Circulating T-cell and B-cell clones are well documented
in the peripheral blood of healthy individuals [82–84]. The
incidence increases with age; for example, T-cell clones can
be found in 55% of healthy subjects aged >65 years [83,
85], whilst monoclonal B-cell lymphocytosis (MBL) is rare
in volunteers aged less than 40 years but is found in 50–75%

of the population aged 90 or over [84, 86]. If these lympho-
cyte populations also visit sites of inflammation in the skin,
it is quite possible that they could account for some of the
clonal dermatoses uncovered by molecular techniques [67].

A subset of dermatoses, in which clonality has been
demonstrated, are characterised by a chronic, often recalci-
trant clinical course that is usually benign, but in a minority
of cases is associated with subsequent development of overt
cutaneous lymphoma [87]. Examples include pigmented
purpuric dermatoses and pityriasis lichnoides, both of which
have been associated with mycosis fungoides [52, 55, 87],
lupus profundus, which has been linked to subcutaneous
panniculitis like T-cell lymphoma [60], and idiopathic eryth-
roderma, which has been postulated a precursor of Sezary
syndrome [87]. It has been hypothesized that T-cell clones
develop in these conditions as a consequence of chronic
antigenic stimulation and that acquisition of genetic abnor-
malities by an expanded clone may result in an ability for
autonomous growth in a minority of cases [87]. The main
protagonists for this theory draw analogies with monoclonal
gammopathy of uncertain significance and MBL, and pro-
pose the term “cutaneous T-cell lymphoid dyscrasias” for
this group of dermatoses [55, 87]. They also include other
entities such as hypopigmented mycosis fungoides, idio-
pathic follicular mucinosis and large plaque parapsoriasis
under this rubric although these conditions are probably
better regarded as early or limited stages of mycosis fun-
goides and its variants [65, 88, 89].

Table 3 Previous studies demonstrating clonal immunoglobulin gene rearrangements in benign cutaneous infiltrates

Authors Dermatosis Tissue Techniques Clonal Comment

Hammer et al. [68] CLH Fresh/frozen Southern blot 2/11 2/2 clonal progressed
to lymphoma

Wood et al. [66] CLH Fresh/frozen Southern blot 5/14 1/5 clonal progressed
to lymphoma

Rijlaarsdam et al. [67] CLH Fresh/frozen Southern blot 4/7

Dubus et al. [70] CLH Fresh/frozen
and FFPE

PCR-Ca1, FR2/DGGE 3/6

Bouloc et al. [71] CLH Fresh/frozen PCR-FR3, FR4/PAGE 1/24

Nihal et al. [72] CLH Fresh/frozen PCR-FR1, FR2, FR3/Agarose gels 12/44 Confirmed on repeat
testing. 1/12 progressed
to lymphoma

Felcht et al. [31] CLH FFPE PCR-BIOMED2 IGH tubes A-E,
BIOMED2 IGK tubes A&B/GeneScan

1/6 Also 1/2 Jessner’s clonal

Colli et al. [73] CLHa FFPE PCR-FR3A/Agarose gels 2/33

Boer et al. [45] EMa FFPE PCR-FR1, FR3/GeneScan 3/30 Confirmed on repeat testing

Morales et al. [30] Various BLI FFPE PCR-BIOMED2 IGH tubes A-E,
BIOMED2 IGK tubes A&B/GeneScan

1/23 Clonal case 0 morphoea

Ritter et al. [26] Various BLI FFPE PCR-FR3A/PAGE 4/39 Confirmed on repeat testing

CLH cutaneous lymphoid hyperplasia, PCR polymerase chain reaction, FR framework, PAGE polyacrylamide gel electrophoresis, FFPE formalin-
fixed, paraffin-embedded, DGGE denaturing gradient gel electrophoresis, IGH immunoglubulin heavy chain gene, IGK immunoglobulin kappa
gene, EM erythema migrans, BLI benign lymphocytic infiltrates
a All secondary to Borrelia burgdorferi infection
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A stepwise progression from reactive lymphoid hyper-
plasia, through clonal but pathologically benign infiltrates to
overt lymphoma is probably better established for cutaneous
B-cell lymphoproliferations. Examples of CLH evolving to
overt B-cell lymphoma are well documented [66–68, 72, 90]
and the same clonal IG gene rearrangement has been dem-
onstrated in cases of CLH and the lymphoma that followed
[66, 73, 90]. In addition, a common aetiology, namely
infection with Borrelia burgdorferi, has been documented
for some cases of CLH and PCBCL [90–92]. However, the
majority of “clonal CLH” show no progression to overt
lymphoma and the presence or absence of B-cell clonality
does not appear to predict outcome for patients with dense
cutaneous infiltrates, irrespective of whether or not they
display histological features of malignancy [66, 68, 70,
71, 93]. Thus, whilst these results are consistent with
the hypothesis that clonal B-cell populations may evolve
in chronic antigenically stimulated lymphoid tissue in
the skin, they also indicate that clonality does not nec-
essarily equate with lymphoma and that it may be
reversible, acquisition of additional genetic abnormalities be-
ing required in order for the clone to assume a malignant
phenotype.

PCR for clonality testing in routine practice

Taking cognizance of the foregoing discussion, it is clear
that molecular testing for clonality is unlikely to be a pan-
acea for resolving the true biology of all cutaneous infil-
trates of a suspect nature. This raises the questions of
whether PCR has a role to play in the diagnostic process
and, if so, what that role might be? We will attempt to
address these questions with specific reference to a number
of different scenarios.

Diagnosing early stage mycosis fungoides

Mycosis fungoides is the most common form of cutaneous
lymphoma but is possibly one of the hardest to diagnose,
particularly early on in the course of the disease. The histo-
logical and clinical features may show overlap with those
seen in benign dermatoses resulting, in some series, in a
40% false negative rate (mycosis fungoides diagnosed as
inflammatory dermatoses) and a 44% false positive rate
(benign infiltrates mislabelled as mycosis fungoides) [94,
95]. More than one biopsy is often required before a defin-
itive diagnosis is reached [94].

With the advent of sophisticated molecular techniques, it
could be anticipated that demonstration of clonality in a
lesion clinically or histologically suspicious of mycosis
fungoides would facilitate a robust diagnosis. However,
the sensitivity of PCR in detecting clonality is lower in the

early stages of mycosis fungoides than in more fully estab-
lished disease, precisely the type of lesions with which
diagnostic problems arise [15, 17]. Also, cases of early stage
mycosis fungoides in which clonality can be demonstrated
frequently display diagnostic histological features, render-
ing the analysis somewhat redundant [15, 17, 59]. In addi-
tion, as discussed above, benign dermatoses often harbour
dominant T-cell clones, including entities that may be con-
sidered in the differential diagnosis with mycosis fungoides
of patch or plaque stage. Although the presence of identical
clones in multiple skin lesions is strongly associated with a
diagnosis of mycosis fungoides [96], this phenomenon has
also been reported in benign dermatoses [49, 55, 59].

It is therefore evident that the results of PCR analysis
should not be used as the sole arbitrator in diagnosing
mycosis fungoides. The limitations of clonality assays have
been recognized in a diagnostic algorithm, recently pro-
posed by the International Cutaneous Lymphoma Study
Group [97]. This algorithm considers clinical, histopatho-
logical, immunophenotypic and molecular features in the
diagnostic process but assigns a relatively low weighting
to immunophenotypic and genetic criteria in view of their
lack of sensitivity and specificity. Thus, a diagnosis of early
mycosis fungoides can be made reliably on the basis of
clinical and histological features alone, but not solely on
molecular genetic and/or immunophenotypic findings.
This approach mirrors our beliefs and current practice,
in which we only consider the results of PCR analysis
in the context of clinicopathologcal findings. We do not
routinely test for T-cell clonality in lesions that are not
pathologically suspicious of lymphoma or when the
clinical and pathological features are typical for mycosis
fungoides, only in lesions that are highly suspicious on
clinical and/or histological grounds. We never use the
presence or absence of clonality as the final discriminator
between a reactive and neoplastic diagnosis, and give more
weight to the presence of identical clones in more than one
biopsy.

Evaluation of the erythrodermic patient

Skin biopsies in erythrodermic patients often display non-
specific histological features whether the erythroderma is a
consequence of Sezary syndrome or is idiopathic in nature
[98, 99]. We do not advocate using PCR to make a diagnosis
of Sezary syndrome from a skin biopsy. However, we do
employ the technique to determine whether the same clone
is present in peripheral blood and skin, but only as part of a
multiparameter work up of erythodermic patients that
includes a Sezary cell count and flow cytometry on periph-
eral blood, the latter to determine the CD4 to CD8 ratio and
assess for loss of T-cell antigens, as proposed in internation-
al classification systems [99–101].
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PCR testing in cutaneous T-cell lymphomas
other than mycosis fungoides/Sezary syndrome

We rarely test for T-cell clonality in other subtypes of
cutaneous T-cell lymphoma. Entities such as subcutaneous
panniculitis-like T-cell lymphoma, primary cutaneous ana-
plastic large cell lymphoma, primary cutaneous gamma-
delta T-cell lymphoma and primary cutaneous CD8-
positive aggressive epidermotropic cytotoxic T-cell lympho-
ma can usually be diagnosed with confidence on the basis of
clinical, histologic and immunophenotypic features without
recourse to demonstrating a dominant T-cell clone, although it
may be reassuring to do so in cases with atypical presentations
or pathological features [65]. However, the role of clonality
testing in primary cutaneous CD4-positive small/medium T-
cell lymphoma (SMTCL) merits further discussion.

CD4+ SMTCL is characterized by a dense dermal infil-
trate of small to medium pleomorphic lymphocytes that are
CD4 positive, admixed with small reactive lymphocytes
(many CD8 positive), histiocytes and, in some cases, eosi-
nophils [102–105]. Localized lesions have an excellent
prognosis and are adequately treated by locally directed
therapies, including excision alone [102, 106]. Such cases
are morphologically very similar to many of the lesions
previously described under the rubric of cutaneous T-cell
pseudolymphoma [107, 108]. Demonstration of clonality
and expression of T follicular helper cell antigens (e.g.,
PD.1, CXCL13) have been recommended as a means of
differentiating CD4+ SMTCL from cutaneous T-cell pseu-
dolymphoma [104, 109]. However, the limited utility of

clonality as a discriminator of reactive and lymphomatous
cutaneous lymphoproliferations, suggests that dependence
on this method may not be a reliable approach for separating
these entities. In addition, the specificity of T follicular
helper cell antigen expression has been questioned at recent
cutaneous lymphoma workshops. Although the purported
contradictory findings for the use of antibodies directed
towards T follicular helper cells has yet to be published,
the true nature of CD4+ SMPTCL as a bona fide lymphoma,
a precursor to or early stage of lymphoma, or an unusual
reactive condition remains an open question.

Differentiating cutaneous B-cell lymphoma from reactive
mimics

B-cell lymphomas that not infrequently involve the skin as
part of a more widespread disease process include mantle
cell lymphoma, B-chronic lymphocytic leukaemia/small
lymphocytic lymphoma, lymphomatoid granulomatosis, in-
travascular large B-cell lymphoma and diffuse large B-cell
lymphoma. All of these entities usually display characteris-
tic morphologic and/or phenotypic features that permit a
confident diagnosis of lymphoma without recourse to clon-
ality assays [65]. The same can be said of primary cutaneous
diffuse large B-cell lymphoma, leg type, and some cases of
primary cutaneous follicle centre lymphoma.

On the other hand, differentiating CLH from primary
cutaneous marginal zone lymphoma of MALT type (CMZL)
is a particularly problematic area in dermatopathology. In
theory, the presence or absence of clonality should be of

Fig. 3 A case of primay
cutaneous marginal zone
lymphoma of MALT type
displaying prominent
plasmacytic differentiation (a).
The plasmacytic cells express
cytoplasmic kappa (b), rather
than lambda (c), making it easy
to demonstrate light chain
restriction
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diagnostic value in such a situation. However, there is a
well-documented incidence of clonal B-cell populations in
CLH [31, 66–72] and a relatively high false negative rate
(up to 55% in some series) of PCR in CMZL, particularly if
restricted primer sets are employed [20, 30, 31]. Also,
several studies have shown no correlation between the pres-
ence of a B-cell clone and clinical presentation, develop-
ment of further lesions or progression to overt lymphoma
[71, 72, 93].

When diagnosing CMZL we place more emphasis on the
presence or absence of light chain restriction by immuno-
histochemical techniques as the main discriminating factor.
This is usually relatively straightforward as the vast majority
of CMZL encountered in our practice, and seemingly in the
practice of others [65, 110–113], display plasmacytic differ-
entiation (Fig. 3). PCR may be of more use in the less
commonly encountered cases consisting predominantly of
small lymphocytes and/or marginal zone cells, in which it is
often more difficult to demonstrate clonality using light
chain immunohistochemistry.

A subset of primary cutaneous follicle centre lymphoma
have a predominantly follicular growth pattern and an ab-
sence, or low level of bcl2 expression, and these can also be
difficult to distinguish from CLH. The presence of numer-
ous B-cells in the interfollicular areas and/or CD10-positive
interfollicular lymphocytes can support a diagnosis of lym-
phoma in such cases, but demonstration of clonality by PCR
may also provide useful supporting evidence.

Antigen receptor gene rearrangements as an adjunct
to lymphoma subclassification

Antigen receptor rearrangements cannot be used to reliably
assign a B-cell or T-cell lineage to the cells in a lymphomatous
infiltrate. TCR gene rearrangements may be seen occasionally
in neoplasms of B-lineage, and IG gene rearrangements may
be present in T-cell neoplasms [114–116]. Also, TCR gene
rearrangement analysis cannot be used to differentiate α/β
from γ/δ T-cells, since many TCR α/β positive T-cell malig-
nancies also have TCRG rearrangements (usually biallelic)
and TCR γ/δ positive T-cell neoplasms may have TCRB
rearrangements [117–119].

However, in certain situations, the absence of clonality
may provide useful supporting evidence when trying to
diagnose haematolymphoid neoplasms other than B-cell or
T-cell lymphomas in the skin. Examples include NK-cell
lymphoma, histiocytic sarcoma, plasmacytoid dendritic cell
neoplasms and myeloid sarcomas. All may display some
pathological features of T-cell or B-cell lymphoma, includ-
ing expression of certain antigens, but harbour germline
antigen receptor genes in most instances [65]. Although a
negative result may be of value in supporting such a diag-
nosis, clonality is not an absolute discriminator due to the

possibility of false negative results as well as the fact that IG
or TCR gene rearrangements may occasionally be seen in
non-lymphoid neoplasms, either because of so-called “trans-
differentiation” or “lineage promiscuity” [120–123].

Conclusions

In experienced hands, PCR-based clonality testing is a reli-
able and reproducible methodology than can be incorporat-
ed into routine diagnostic practice. In certain situations, it
may contribute the differentiation of reactive from neoplas-
tic cutaneous lymphoid infiltrates. However, safe and ap-
propriate interpretation of the results of such studies requires
an awareness of the well-documented limitations and poten-
tial pitfalls of the technique. It is also important that the test
results are only interpreted in the full knowledge of the
pathological features of the biopsied lesion, including the
phenotype and the relative T-cell to B-cell ratio. We strongly
advocate that any clonality results should be subject to
multidisciplinary review and integrated into a common final
report that includes the clinical, morphological and pheno-
typic data.
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