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The Role of Molecular
Analysis in Cutaneous Lymphomas
Janyana M.D. Deonizio, MD,* and Joan Guitart, MD†

The purpose of this review is to summarize the most important molecular techniques for the
diagnosis of cutaneous lymphomas. When making a diagnosis, we are looking for the solid
clinicopathological correlation. Molecular analysis includes immunophenotyping and clon-
ality analysis, and is important for 2 principal reasons: (1) to confirm the diagnosis in cases
where the clinical and/or pathological presentations are nondiagnostic, and (2) to further
characterize the nature of the lymphoma. More specifically, we are trying to discern
whether the lymphoma is primarily cutaneous or systemic with secondary skin involvement,
and we are also attempting to subclassify the tumor. Recently, many techniques have
provided a more accurate diagnosis of cutaneous lymphomas and some prognostic impli-
cations, including polymerase chain reaction, fluorescence in situ hybridization, and flow
cytometry. Fluorescence in situ hybridization is not routinely used in the diagnosis of
cutaneous lymphoma, but many studies have shown potential future applications in various
areas. Other techniques, such as comparative genomic hybridization, are still confined to
the research arena, but have added some insight into the molecular pathogenesis of
cutaneous T-cell lymphoma.
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The gold standard in the diagnosis of cutaneous lympho-
mas is a solid clinicopathological correlation. Molecular

analysis includes immunophenotyping and clonality analy-
sis, and is important for 2 principal reasons: (1) to confirm
the diagnosis in cases where the clinical and/or pathological
presentations are nondiagnostic, and (2) to further character-
ize the nature of the lymphoma. The additional data are im-
portant because a more concrete diagnosis will help patients
and their relatives face the consequences of lymphoma diag-
nosis. Knowing whether the lymphoma is primarily cutane-
ous or systemic and the subclassification of the tumor will
allow the clinician to proceed with a more appropriate treat-
ment plan.
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The Importance of Clonality
Although cancer can be preceded by oligoclonal expansion of
premalignant cells, ultimately it is defined by the unrestricted
growth of cells derived from a single cell or a clonal expan-
sion. The detection of a monoclonal population may help
distinguish a lymphoma from a reactive process. However,
clonality by itself does not imply malignancy, and likewise, a
negative clonality result does not imply a benign process. On
exposure to antigen-presenting cells, lymphocytes are
primed to react against specific epitopes. During this process,
genes encoding the antigen receptor immunoglobulin (Ig) for
B cells and T-cell receptor (TCR) heterodimer genes for T
cells are rearranged. This process referred to as V(D)J recom-
bination involves stepwise rearrangement of variable (V), di-
versity (D), and joining (J) gene segments. During this pro-
cess, fragments of nucleotides are deleted and inserted,
resulting in an enormous diversity of unique antigen recep-
tors providing high specificity to a vast array of antigens.1

Because the evolution of mycosis fungoides (MF) is often
slow and early lesions are often characterized by a reactive
infiltrate with more benign reactive cells than malignant lym-

phocytes, the diagnosis of MF is often challenging for the
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Role of molecular analysis in cutaneous lymphomas 235
dermatopathologist. These unresolved cases are frustrating
for patients and physicians alike. The concept of cutaneous
lymphoid dyscrasias (CLD) was introduced to address these
circumstances. CLD encompasses a series of dermatoses,
which are characterized by a chronic course and lack of a
triggering event and often are recalcitrant to topical steroids.
The biopsy results display a chronic lymphoid infiltrate with-
out significant or only minimal atypia, but frequently a T-cell
clone is detected. Parapsoriasis, pigmented purpuric derma-
tosis, idiopathic follicular mucinosis, pityriasis lichenoides,
syringolymphoid hyperplasia with alopecia, and idiopathic
generalized erythroderma (preSézary) are some of these con-
ditions included in the CLD model. The importance of iden-
tifying CLD is that although most cases will never progress,
they have the potential to transform into bona fide cutaneous
T-cell lymphoma (CTCL).2 The frequent clonal nature of
hese conditions elicited some debate about the relevance of
-cell clonality testing in cutaneous infiltrates and the lack
f specificity of a T-cell clone in the diagnosis of CTCL. The
ecognition of these “premycotic” conditions should be taken
s an opportunity to characterize a group of dermatoses,
hich have been difficult to categorize in the past. This hy-
othesis of a multistep progression of CTCL frequently pre-
eded by a clinical and pathological benign stage is consistent
ith our modern understanding of the pathogenesis of can-

er as a stepwise process, which evolves after an initial clonal
vent, with selection of more proliferative subclones as the
ancer advances. The progressive nature of the T-cell clone
ith emergence and selection of more aggressive subclones
as been demonstrated in MF by studying the genealogic
volution of the T-cell clone with microsatellite instability
arkers.3 B-cell-rich variants of cutaneous lymphoid hyper-

lasia including nodular infiltrates after arthropod bite, tat-
oo, and vaccination have also been reported in exceptional
ases of primary cutaneous B-cell lymphomas.4,5

T- and B-Cell Clonality Methods
T-cell clonality studies are based on the detection of specific
T-cell receptor gene rearrangements (TCR-GR) by Southern
blot analysis (SBA) or polymerase chain reaction (PCR).6 Be-
ause lymphomas and leukemias are believed to be derived
rom a single transformed cell, we should expect that the
umor cells contain identical TCR-GRs, reflecting a monoclo-
al T-cell population. Conversely, heterogeneity of TCR-GRs

n polyclonal reactive cases presents with a smear of DNA
ragments without a dominant band.1,7

SBA used to be the gold standard for detection of T-cell
clonality, but this procedure is laborious and lengthy, with
the additional inconveniences of the need of fresh or frozen
tissue and the use of radioactive probes. Besides, this method
requires that the clonal population represents at least 5% of
the total DNA extracted, which includes cells other than T
cells, thus greatly decreasing the sensitivity of the test.8-11

Presently, few laboratories rely on SBA for clonal detection.
The SBA has been gradually replaced by the PCR tech-

niques. The overall sensitivity of PCR-based methods for the

detection of T-cell clonality ranges approximately between
70% and 90%, with variable specificity depending on the
sample population.6 Clonal population representing as little
as 0.001%-1.0% of the infiltrate can be detected using such
methods. Other characteristics give greater applicability to
the method, including speed, lower amount of DNA re-
quired, and new techniques allowing sufficient DNA extrac-
tion from formalin-fixed paraffin-embedded (FFPE) tissue.1,7

The test amplifies extracted DNA using primers directed
against the TCR beta, gamma, and delta chains.7 The gamma
hain gene is most commonly used because of the lower
omplexity of the gene with limited number of V and J region
egments and lack of D segments, thereby requiring fewer
pecific primers and an optimal PCR product of � 400 bp.

In 2003, the EuroClonality (BIOMED-2 Concerted Action
onsortium) gathered many institutes from 7 European coun-
ries to develop and standardize PCR protocols and PCR primer
ets for detection of Ig and TCR gene rearrangements, as well as
uidelines for interpretation of the results. Following the new
rotocols, therewasamarkedincrease inthedetectionrateofclonal
earrangements. Using 107 different primers in only 18 multiplex
CR tubes, it is possible to detect virtually all clonal B- and T-cell
roliferations.7 ThegammaTCRprimersare run in2separate tubes
A and B) and detect most combinations of TCR genes. Most labo-
atories only check the gamma TCR gene, but adding probes to the
eta TCR gene allows for a higher sensitivity and specificity of clon-
lity analysis. Approximately 10% of the false-positive results have
een reported with both gene panels, but again, the specificity will
ary depending on the characteristics and quality of the sample.

The genes encoding the antigen receptors for B cell or immu-
oglobulins include a heavy-chain gene (14q32), a kappa light-
hain gene (2p12), and a lambda light-chain gene (22q11).
here are 4 conserved framework regions that are reliable targets

or immunoglobulin heavy-chain primers for PCR: 3 within the
ariable region (VH) and 1 within the join region (JH) (FR 1, 2,
nd 3) and 1 within the JH region. BIOMED-2 probes target all
hese regions, with oligonucleotides covering the entire poten-
ial repertoire of rearrangements.7

In our experience, the sensitivity of PCR for immunoglob-
ulin heavy chain is lower than for TCR. Other researchers
have noted the lower sensitivity, which they attribute to FFPE
tissue usage and alterations in the DNA sequence, leading to
a failure of primer annealing.12 As an alternative, kappa and
ambda Ig light-chain expression can be assessed in the cyto-
lasm of plasma cells on FFPE tissue sections using immu-
ohistochemistry (IHC) and in situ hybridization tech-
iques. The detection of light-chain restriction often referred
s monotypic immunoglobulin expression is consistent with
onoclonality.12 However, there is one exception: in rare

ases of monotypical expression not associated with clonal
ene rearrangement, light-chain restriction is rarely found in
ertain benign B-cell infiltrates.13 Monoclonality can also be

demonstrated with flow cytometry targeting kappa and
lambda light-chain expression at the cell membrane. In con-
trast, immunomarker methods are not practical for T-cell
clonal detection and are mostly used as research tools.

PCR products are analyzed by different techniques. In
most of the conventional PCR methods, monoclonality is

defined by the presence of a discrete band after gel electro-



t
t
s
s

s
s
a
h

a
i
t

a

a
s
m
p
c
t
r
w
u
a

5
t
G
d
o
c
h
a
5

e

236 J.M.D. Deonizio and J. Guitart
phoresis of the PCR product. Separation of the DNA products
can be enhanced by using temperature- or a chemical-gradi-
ent gel. A smear pattern without specific bands indicates a
polyclonal T-cell population.14,15 Single-stranded confirma-
ion polymorphism is another electrophoresis-based method
hat has been used for the analysis of clonality in skin biop-
ies, which separates fragments according to the unique
hape of the single-stranded PCR products.16

Fluorescent fragment analysis using consensus primers for
the TCR gene is becoming the standard method for T-cell
clone detection in clinical pathology. The PCR product is
denatured and separated by high-resolution capillary electro-
phoresis, and the fluorescence output is analyzed using Ge-
neScan software (PE/Applied Biosystems, Foster City, CA).
This method allows a base-pair measurement of the PCR
product, providing a precise identification of the T-cell clone.
Furthermore, clonal definition can be complemented using
multiple PCR probes labeled with different fluorochromes.
This allows for a more precise definition of the clone within a
given variable region family.15,17 This latest method is based
on the same principle of molecular separation (charge, size,
and hydrophobicity) as gel electrophoresis;18 and it has the
advantages of being faster, more accurate, sensitive, and easy
to interpret.8 Defining the clone is important for several rea-
ons. The detection of a dominant T-cell clone, defined as the
ame PCR product at different sites, implies dissemination of
prevailing T-cell clone, and it has been associated with a
igher incidence of tumor progression.14 A dominant clone

can be established by comparing the size, the variable region
family usage, or the sequence of the PCR product obtained
from more than one site (ie, 2 skin biopsies, skin and blood,
skin and lymph node, etc.). Likewise, a nonreproducible
clone or “pseudoclone” is infrequently associated with a truly
malignant T-cell process. Clonal heterogeneity within 1 bi-
opsy sample and at different sites supports the presence of
various persistent and expanded T-cell clones, and has been
reported in patients with early stages or indolent MF and in
patients with CLD without a malignant process.15

The prognostic and diagnostic value of the detection of circu-
lating clonal T cells in peripheral blood has been debated. De-
tection of circulating clonal T cells was uncommon among MF
patients (12.5%), but much more common in those with ery-
thodermic MF (42%).19 Defining a circulating T-cell clone may
lso help in distinguishing a dominant CTCL clone from the
nnocent cytotoxic T-cell clones, which are occasionally de-
ected in the peripheral blood of elderly patients.20

Detection of lymphoma by routine morphological exami-
nation (histologic score of LN3 or LN4) on palpable lymph
nodes raises the tumor, node, metastasis, blood involvement
stage to IVa, justifying a more aggressive therapeutic ap-
proach possibly including chemotherapy. The significance of
a T-cell clonal detection in a palpable node with dermato-
pathic changes, but without obvious lymphoma (LN1 or
LN2), is less clear. In 1 study using comprehensive gamma
and beta TCR probes, a poor prognosis was detected in sub-
sets of patients with nodal T-cell clonality despite negative
histology results.21 In the context of palpable lymphadenop-

thy, detection of the same T-cell clone in the lymph node
nd the skin CTCL lesions may indicate a poor prognosis,
imilar to the identification of lymphoma by histology (tu-
or, node, metastasis [staging system] stage IVa). The poor
rognosis noted in patients with T-cell clonality by SBA is
onsistent with the lower sensitivity and higher specificity of
he method. In other words, a substantial tumor burden is
equired for a positive test, which by itself tends to correlate
ith a poor outcome. T-cell clonal detection in skin biopsies
sing SBA was found to correlate with high tumor burden
nd poor survival in patients with CTCL.9

When Should We
Check for T-Cell Clonality?
Ideally, TCR clonality should be checked at the time of diagnosis
in the skin and blood. As previously mentioned, the detection of
a dominant clone is important not only to confirm diagnosis but
also for some prognostic guidance. T-cell clonality is particularly
helpful when early stage MF is being considered in the differen-
tial diagnosis, which does not include sufficient clinical or mi-
croscopic evidence to reach a definitive diagnosis. The detection
of a T-cell clone may lead us to a more definitive diagnostic call
when the diagnosis is otherwise uncertain. The correlation of
clonality and diagnosis is understandable, considering that in
the more challenging early cases, there are relatively fewer ma-
lignant lymphocytes due to a less dilative effect of reactive T
cells, and PCR detection may be more sensitive than histomor-
phology.22 In one study, TCR gamma clonality was positive in
3% of the patch stage cases and in 100% of the plaque stage or
umor stage.22 The TCR gamma-chain rearrangement using the
eneScan method was demonstrated in 100% of Sézary syn-
rome (SS) cases and in 84% of the MF cases. An increased rate
f clonality was observed in connection with more advanced
utaneous disease burden (79% T1/T2; 100% T3/T4) and a
igher histopathological diagnostic score (histopathological di-
gnostic score � 5%: 76%; histopathological diagnostic score �
: 94%, with more than 5 points consistent with MF).23

It is also important to be aware of the limitations of T-cell
clonality tests. False positive monoclonal or oligoclonal bands
may be identified in inflammatory dermatoses, where the T-cell
infiltrate is sparse. Amplification of few TCR-GRs derived from a
limited number of T cells may result in a false positive nonre-
producible clone or “pseudomonoclonality.” A pseudoclone is
infrequently associated with a malignant T-cell process.15 Re-
peating the analysis using the same DNA template or fresh DNA
extraction may solve the problem because in reactive condi-
tions, the predominant PCR product typically vary in repeated
PCR analyses of the same sample. In contrast, in neoplasic T-cell
proliferations, dominant TCR clones are reproducible and
should be routinely verified to confirm monoclonality.24

A correlation between TCR clonality by PCR methods and
response to treatment has been suggested in some studies.
The absence of a detectable clone in CTCL was associated
with a higher rate of complete remission,19 but was not nec-
ssarily associated to improved survival.25

To improve assessment of disease activity, immunopheno-

typic and immunogenotypic assays have been used to mon-
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Role of molecular analysis in cutaneous lymphomas 237
itor the response of CTCL to therapy, define remission, and
detect early relapse.11,20,23,26-28 Detection of the dominant
clone appears to be associated with a high relapse rate in a
similar way that a persistent pemphigus titer is likely to her-
ald a flare of blisters.29 The concept of minimal residual dis-
ase is defined as the persistence of the tumor T-cell clone in
he tissue or blood despite clinical complete remission sta-
us.28,30 One-third of MF patients in complete clinical remis-

sion have molecular residual disease.28 Minimal residual dis-
ease may help identify patients at risk for relapses even when
complete clinical and histological remission is achieved,20

but the real prognosis implications of this finding are still
uncertain.26,28 It is well known that even on achievement of
omplete remission, patients with MF often relapse, which
ighlights the need to establish maintenance protocols to
elay or prevent relapse. However, how fast the therapy
hould be tapered or when should it be discontinued has
een an art more than a science. It is conceivable that in the
uture, the presence or absence of the dominant clone will
uide our approach, allowing for more durable remissions
hile minimizing the adverse effects of therapy.

Flow Cytometry Analysis
in Cutaneous Lymphomas
Flow cytometry analysis (FCA) is an efficient and sensitive
method to detect and enumerate abnormal cells in the pe-
ripheral blood or any other cell suspension. Blood FCA is
routinely performed in erythrodermic patients to rule out SS.
This method is based on the abnormal expression of various
surface markers of malignant T cells compared with normal T
cells. Other helpful findings are the demonstration of over-
whelming dominance of specific T-cell subsets (clusters of
differentiation CD4 vs CD8) and the loss of one or more
pan-T-cell antigens (ie, CD2, CD3, CD5, and CD7).29 How-
ever, as previously stated, the presence of many reactive lym-
phocytes in early MF may limit the sensitivity and specificity
of immunomarker-based assays. A high CD4:CD8 ratio of
more than 10:1 and loss of CD7 and CD26 are the most
reliable findings in SS. CD7 is the most commonly reported
T-cell antigen to be lost in MF. However, low CD7 expression
has low specificity because many inflammatory skin condi-
tions also show low expression.31,32 Deletion of CD2 and
CD5 has been described as specific but with low sensitivity,
and in our experience, these deletions tend to be associated
with more advanced disease.33 CD26 negativity was found in
59.3% of SS cases, in 33.3% of MF, in 14.2% of benign
dermatoses, and in no control cases. The specificity of a
CD26 result was inferior to that of T-cell antigen loss in
differentiating SS from MF. The addition of CD26 to standard
T-cell panels enhances the sensitivity of FCA in the diagnosis
of SS.34

A simplified flow cytometric assessment using markers for
CD3, CD4, CD26, and CD7 was sufficient to detect an abnormal
T-cell population in 46% of patients with MF/SS and to correlate
with disease extent.35 The immunophenotypic correlation be-

ween a skin biopsy and a peripheral blood finding in patients p
ith MF and blood involvement showed discrepancies in 55%
f the cases. Compared with flow cytometry in blood, IHC anal-
sis of the skin samples failed to detect partial deletion of CD2
45%), CD3 (27%), and CD5 (27%) and overrepresented dele-
ion of CD7 (18%). Additionally, CD8 � MF was not detected

by IHC analysis, suggesting that CD 8� MF might be more
common than usually described.33

FCA can also be performed on leukocyte suspensions re-
trieved from skin biopsies. The main challenge of FCA in the
analysis of MF is the difficulties in the extraction of viable
tumor cells from the skin sample, which is a labor-intense
process of mincing the skin biopsy and filtering the fragments
with a pestle to obtain a cell suspension. Because immuno-
phenotypic aberrations in MF can easily be detected by tissue
IHC, this procedure is not routinely done. A dim expression
of T-cell markers is a common finding in CTCL, which can be
detected by FCA, but only rarely noted by IHC analysis. Flow
cytometry not only allows for detection of surface antigens,
but also provides important information about the size and
complexity of the lymphocyte’s nuclear membrane. In the
early stages, MF and Sézary cells are characterized by a slight
increase in nuclear size with increased complexity or convo-
lution of the nuclear membrane or high scatter.36 Flow cy-
tometry can also be used to detect a clonal population by
using a battery of antibodies against different subsets of T
lymphocytes based on the expression of V beta family anti-
bodies. This is used mainly as a research tool because the
extensive panel of antibodies is expensive, incomplete, and
does not include the entire spectrum of V beta families.37

FCA assessment of T-cell clonality by V beta repertoire anal-
ysis has also been used to detect minimal residual disease in
research protocols.38 FCA can also provide prognostic infor-

ation. Lower counts of circulating CD8 � lymphocytes and
igher white cell counts in CTCL patients are associated with
less favorable prognosis.39

Fluorescence
In Situ Hybridization
Fluorescence in situ hybridization (FISH) involves annealing
of fluorescence-labeled nucleic acid probes with complemen-
tary DNA or RNA sequences and the subsequent detection of
these probes within fixed cells. FISH is used to detect major
chromosomal gains or losses, as well as specific transloca-
tions, and requires a target-specific probe. FISH can be per-
formed with fresh-frozen or FFPE tissue, and the probes used
will vary depending on the lymphomas under investigation.
Nucleic acid probes are applied to the slide and incubated at
a high temperature and high humidity to facilitate hybridiza-
tion of the probe to its complementary sequence. After the
excess probe is washed away, the slide is analyzed using
fluorescence microscopy. FISH allows for the correlation be-
tween the location of the probe signal and the location of the
probe within the cell/tissue of interest.40 Although FISH is

ot routinely used in the diagnosis of cutaneous lymphomas,
ecent publications have shown the potential for future ap-

lications in various areas.
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A high frequency of aberrant-gene expression of the
cyclin-dependent kinase inhibitor gene 2A (CDKN2A) local-
ized on chromosome 9p21 has been found in primary cuta-
neous large B-cell lymphoma, leg type (PCLBCL-LT). This
gene locus encodes for p16 (INK4A), an inhibitor of the
CDK4/retinoblastoma cell proliferation pathway, and for p14
(alternate reading frame), which controls p53-dependent
pathways. The inactivation of p16 is associated with a worse
prognosis in PCLBCL-LT. In most PCLBCL-LT, alterations of
CDKN2A, deletion of p53, and deletion of Rb are found.
Neither primary cutaneous follicle center lymphoma
(PCFCL) nor primary cutaneous marginal zone lymphoma
(PCMZL) shows alterations of CDKN2A.41,42 The FOX-P1
(forkhead box P1 protein) is expressed in normal activated B
cells and overexpressed in a subset of diffuse large B-cell
lymphoma. FOX-P1 gene (3p14.1) gains by FISH analysis

ere observed in 82% of the samples of PCLBCL-LT and in
7% of PCFCL.43 This molecular analysis may become im-

portant in view of the poor prognosis of the PCLBCL-LT and
the frequent clinical and pathological overlap with PCFCL.

The hallmark of nodal follicular lymphoma is the t(14;
18)(q32;q21) chromosomal translocations, which lead to in-
creased expression of the proapoptotic protein B-cell lymphoma
2 (BCL2) in the tumor cells. Not all cases of nodal follicle center
lymphoma harbor this translocation, and among those cases
that do, BCL2 protein is expressed in at least 50%.44 The t(14;
18) translocation may be detected by FISH or PCR, and it can be
used to monitor the response to therapy and assess for residual
disease. Approximately two-thirds of the cases with t(14;18)
translocation detected by FISH express the BCL2 protein, as
detected by IHC. Therefore, FISH analysis may become an im-
portant tool in the diagnosis, treatment, and follow-up of these
malignancies.45 Usually PCFCLs are BCL2 negative, and the
FISH analysis of tumor cells fails to detect t(14;18) transloca-
tion.46 The expression of BCL2 in PCFCL raises the possibility of
secondary skin involvement from a nodal lymphoma and war-
rants a complete investigation to exclude a primary systemic
lymphoma.

PCMZL is the skin counterpart of mucosa-associated lym-
phoid tissue (MALT) lymphomas with similar histopatholog-
ical features, which may suggest a common pathogenic
mechanism. The t(11;18)(q21;q21) translocation involving
API2 and MALT1 genes occurs in 20%-30% of gastric MALT
ymphomas and is associated with resistance to Helicobacter
ylori eradication therapy and lack of progression.47

The implication of MALT1 gene defects in the pathogenesis
f PCMZL has been a matter of controversy. Using the FISH
echnique, the t(11;18) translocation was not found in
CMZL cases. The only MALT lymphoma translocation that
ould be identified in some PCMZL cases (3/12) was t(14;
8)(q32;q21) translocation. These 3 cases were characterized
y monocytoid morphology without blastic transformation
nd had an equally indolent course.47 Other studies failed to

demonstrate this translocation in PCMZL using FISH and
reverse transcriptase PCR techniques.48-50

PCMZLs are entirely indolent, and although clonality by

light-chain restriction and IgH analysis is detected in the
majority of the cases, the low aggressive behavior raises the
appropriateness of classifying such lesions as lymphomas.

Systemic anaplastic large-cell lymphoma (ALCL) is an ag-
gressive CD30-positive lymphoma that can initially present
with skin lesions or other extranodal sites.51 Approximately
ne-half of the ALCL cases harbor the translocation t(2;
)(p23;q35), which leads to fusion of the nucleophosmin
ene with the anaplastic lymphoma kinase (ALK), leading to
ts constitutive activation. Considering these facts, many ef-
orts have been made to develop ALK inhibitors to treat this
ype of lymphoma.52 The t(2;5)(p23;q35) translocation is

detected in ALCL but not in lymphomatoid papulosis, an-
other CD30-positive disorder. Although systemic ALCL can
be ALK positive or negative, primary cutaneous ALCL and
lymphomatoid papulosis are ALK negative.53 However, some
primary cutaneous ALK-positive ALCL cases have been re-
cently described in children.54

Adult T-cell leukemia/lymphoma is associated with viral
infection by human T-cell lymphotropic virus type 1 exhib-
iting clonal integration of the viral genome, which can be
detected by SBA and long-inverse PCR.18,55

Genomic Analysis by Microarray
Assays or Comparative
Genomic Hybridization
In the context of research, new gene analysis techniques are
providing more insight into the molecular events in CTCL.
Although abnormal findings are identified in most cases, pre-
dictable and reproducible findings with clinical relevance are
still scarce.

Conventional comparative genomic hybridization (CGH)
allows for the identification of chromosomal imbalances but
does not allow for the identification of specific genes involved
owing to its low resolution.56 The microarray-based CGH is

ore precise, and chromosomal imbalances can be quanti-
ed and defined appositionally.40 Using array-based CGH for

the identification of genomic differences between SS and MF,
a high frequency of gains in chromosomes 1, 7, 8, and 17 and
losses of chromosomes 5, 9, and 13 was demonstrated.57

Cytogenetic analysis in CTCL has shown a variety of gene
defects without predictable findings.58,59 This wide variation
of findings has been attributed to geno-traumatic events,
meaning genetic instability predisposes the tumor cells to
further gene alterations and transformation. Even when mul-
tiple samples are obtained from a single MF plaque lesion,
different cell subpopulations with complex chromosomal ab-
errations have been reported, reflecting genomic instabil-
ity.3,59 The cases of tumor-stage MF that have unstable ge-

omes with a high number of chromosomal abnormalities
ave a statistically shorter survival.56

Chromosome abnormalities, mostly complex karyotypes,
are seen in approximately 50% of patients with MF/SS. The
most common abnormalities (7/9 cases) involved chromo-
some 10, followed by chromosome 6, although no recurrent
translocation has been established so far.60

Cytogenetic features of large-cell transformation in MF were

analyzed, and more gains were demonstrated than losses. Re-



c
C
r
p

S

lympho

Role of molecular analysis in cutaneous lymphomas 239
current chromosome alterations were noted for chromosomes
1, 2, 7, 9, 17, and 19. The most common imbalances were the
gain of chromosome regions 1p36, 7, 9q34, 17q24-qter, 19 and
the loss of 2p36-qter, 9p21, and 17p.61

Recent molecular studies are suggesting MF and SS are patho-
genetically distinct entities and should not be considered a con-
tinuum for clinical trials or other studies. While using the CGH,
it was demonstrated that numerical chromosomal alterations in
MF include the gain of 7q21-36 and 1p36.2 and the loss of 5q13
and 9p21. On the other hand, in SS, the gain of 17q22-25 and
8q22-24 and the loss of 17p13 and 10q25 were observed. Be-
sides amplification of the locus-containing MYC gene on 8q24,
which is recognized as the important regulator of proliferation,
growth, and differentiation, apoptosis was observed in 75% of
the cases of SS and only in a minority of cases of MF.57,62 It was
demonstrated that a high-level amplification of the 8q24.21 re-
gion involving the MYC oncogene is correlated to a poor out-
ome.56,57 The chromosomal region on 9p21 harbors the
DKN2A tumor-suppressor gene. Loss of this gene causes the

educed expression of this protein and predicts an unfavorable
rognosis.56,57 A comparison of different chromosome changes

found in cutaneous lymphomas is shown in Table 1.

Conclusion
Molecular techniques can provide important information in
the evaluation of cutaneous lymphoid infiltrate. The results
from molecular analysis must be viewed in combination with
morphological results, blood analysis and clinical presenta-
tion. By compiling all of these results, we can improve the
accuracy of the diagnosis, as well as provide further data with
prognostic and staging implication. While PCR based clon-
ality techniques need to be interpreted with caution, modern
capillaroscopy methods offer clone specific data that allow us
to trace minimal residual disease at different compartments
like skin blood or lymph node.
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