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Investigating potential exogenous tumor initiating and promoting factors
for Cutaneous T-Cell Lymphomas (CTCL), a rare skin malignancy
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ABSTRACT
Most skin malignancies are caused by external and often preventable environmental agents. Multiple
reports demonstrated that cutaneous T-cell lymphomas (CTCL) can occur in married couples and cluster in
families. Furthermore, recent studies document geographic clustering of this malignancy in Texas as well
as in other areas of the United States. Multiple infectious, occupational, and medication causes have been
proposed as triggers or promoters of this malignancy including hydrochlorothiazide diuretics,
Staphylococcus aureus, dermatophytes, Mycobacterium leprae, Chlamydia pneumoniae, human T-Cell
lymphotropic virus type 1 (HTLV1), Epstein-Barr virus (EBV), and herpes simplex virus (HSV). In this report,
we review recent evidence evaluating the involvement of these agents in cancer initiation/progression.
Most importantly, recent molecular experimental evidence documented for the first time that S. aureus
can activate oncogenic STAT3 signaling in malignant T cells. Specifically, S. aureus Enterotoxin type A (SEA)
was recently shown to trigger non-malignant infiltrating T cells to release IL-2 and other cytokines. These
signals upon binging to their cognate receptors on malignant T cells are then able to activate STAT3 and
STAT5 oncogenic signaling and promote cancer progression and IL-17 secretion. In light of these findings,
it might be important for patients with exacerbation of their CTCL symptoms to maintain high index of
suspicion and treat these individuals for S. aureus colonization and/or sepsis with topical and systemic
antibiotics.
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Skin, respiratory, and gastrointestinal tracts are the three main
organ systems that are constantly interfacing with the environ-
ment. Therefore, it is not surprising that many malignancies in
these organs are the result of external and often preventable
agents such as tobacco smoke and asbestos that cause lung can-
cers and mesotheliomas, exposure to polycyclic aromatic
hydrocarbons responsible for colon cancers or Helicobacter
pylori producing gastric cancers. For skin too, in the last several
decades scientists established a definitive link between a num-
ber of etiologic agents and malignancies. Ultraviolet radiation
was proven to cause melanomas, basal cell, and squamous cell
carcinomas. Viruses such as human papilloma virus (HPV)
and Merkel cell polyomavirus were shown to cause squamous
cell and Merkel cell cancers, respectively.

Skin is also a very dynamic immune organ, where many
lymphocytes reside and are constantly poised to fend off attacks
from bacterial, mycobacterial, fungal, or viral pathogens. It was
previously documented that the skin surface of a normal adult
individual contains approximately 20 billion T cells, which is
nearly twice the number that is present in the entire circula-
tion.1 Deregulation of signaling pathways in B and T lympho-
cytes in the skin can lead to cutaneous lymphomas. For
instance, recent evidence indicates that primary cutaneous
marginal zone B-cell lymphoma could be triggered by Borrelia

burgdorferi.2 Also, for a number of systemic T cell lymphomas
that often manifest with skin lesions such as adult T-cell leuke-
mia/lymphoma or natural killer T-cell lymphoma of nasal type
viral etiology and, specifically, involvement of HTLV1 or EBV,
respectively, have been extensively documented.3,4

CTCL are a heterogeneous group of non-Hodgkin lym-
phoproliferative disorders characterized by localization of
neoplastic T lymphocytes to the skin. Mycosis fungoides
(MF), primary cutaneous anaplastic large cell lymphoma
(cALCL) and a leukemic form, S�ezary Syndrome (SS), are
the most common variants and account for »80% of all
cutaneous lymphomas.5 Previous epidemiologic studies
based on the Surveillance, Epidemiology and End Results
(SEER) databases documented that until recently, CTCL
was on the rise in the United States and around the world.6

Multiple studies have shown a »3-fold increase in CTCL
incidence during the last 25–30 y.6,7 Different regional var-
iations in CTCL incidence have been reported. Whereas
approximately 14–16 cases per million individuals per year
were diagnosed in San Francisco, California, only
6–7 cases per million individuals per year were diagnosed
in Iowa during 2000 and 2009.6 Recent studies also revealed
that CTCL may occur conjointly in married couples and
can also cluster in families.8 This malignancy was also
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previously described in immunosuppressed patients (e.g.,
organ transplant recipients and HIVC individuals).9

Interestingly, recent research demonstrated geographic clus-
tering of CTCL cases in Texas.8,10 Specifically, based on the anal-
ysis of 1990 patients using two distinct cancer registries, we
documented geographic clustering of patients in several commu-
nities across the state. This included areas of Katy, Spring, and
Houston Memorial area, where CTCL incidence rates were
5–20 times higher than expected for the population rate. Fur-
thermore, this analysis demonstrated that two densely populated
adjacent zip codes near El Paso, Texas were completely spared
by CTCL during the period of 1995 to 2010.8,10 El Paso is
located in a hot desert climate adjacent to the borders of New
Mexico and Mexico. Hispanic individuals represent >80% of
population in this area. Notably, El Paso, TX was documented to
be one of the sunniest cities in the country.10 El Paso is the
fourth sunniest city in the United States and is the sunniest one
in Texas with 84% of annual sunshine, which could be a protec-
tive or a therapeutic factor for MF.10 Other recent studies also
suggested geographic clustering for this rare cancer in Pittsburgh,
Pennsylvania11 and in the V€asternorrland county of Sweden.12

These combined results suggest that there might be an important
environmental trigger/tumor initiating factor for this cancer.

The pathogenesis of CTCL is only partially understood. It
was noted that certain human leukocyte antigen (HLA) class II
alleles were associated with CTCL;13 therefore, suggesting that
one of the molecular pathogenesis mechanisms may involve
inappropriate T-cell activation via antigen presentation fol-
lowed by an accumulation of neoplastic memory T cells. How-
ever, the antigen(s) remains unknown and would likely differ
among patients. Infectious agents previously suggested as
potential triggers/promoters of CTCL include Staphylococcus
aureus, dermatophytes, M. leprae, C. pneumoniae, HTLV-1,
EBV, and herpes simplex virus (HSV).9,14

Indeed, many studies attempted to systematically evaluate
HTLV-1, HTLV-2, human immunodeficiency virus (HIV),
HSV-1 and 2, varicella zoster virus (VZV), EBV, cytomegalovi-
rus (CMV), human herpesvirus (HHV) 6, 7, and 8, Hepatitis C
virus (HCV), polyomaviruses, endogenous retroviruses as well
as C. pneumoniae and Borrelia burgdorferi involvement in trig-
gering CTCL (reviewed in ref.9). Unfortunately, many of these
studies yielded variable and often inconsistent results, while a
number of studies failed to show any association with patho-
genic organisms. Also, a number of positive studies had signifi-
cant limitations, which could affect the interpretation of
results. Nonetheless, some of these findings are intriguing and
may hold the key to understanding CTCL pathogenesis.

HTLV-1 is endemic in Japan, sub-Saharan Africa, South
America, and the Caribbean areas.15 Some patients with smol-
dering HTLV-1-associated adult T-cell lymphoma present with
MF-like skin lesions,16,17 but based on other studies, this and
other viruses have not been identified in the vast majority of
MF cases,18 as discussed in a recent review.9 Also, interestingly,
the co-occurrence of leprosy and MF was reported in U.S.
patients,19-21 and treatment of leprosy also led to resolution of
MF in some patients.19,20 Others have proposed that C.
pneumoniae, which often resides in the lungs, can provide an
antigen that stimulates proliferation of S�ezary T cells.14

Erythrodermic MF and SS patients are colonized by S.
aureus 13,22 at rates similar to atopic dermatitis, another Th2
lymphocyte-driven skin disease, where aberrant production of
antimicrobial peptides and lack of Th1 immune response ena-
bles the growth of this bacterium.23,24 In MF/SS, as the disease
progresses to advanced stages (i.e., tumor stage and/or erythro-
derma) a switch from a Th1 to a Th2 immune response has
been consistently observed.25,26 It was proposed that miR-155-
mediated downregulation of STAT4 and upregulation of
STAT5 and STAT3 oncogenes drives this process.25,26 This
important switch makes CTCL patients highly susceptible to S.
aureus colonization and sepsis and promotes eosinophilia and
pruritus in these individuals. Similarly to atopic dermatitis,
treatment of MF/SS patients with first generation cephalospor-
ins often improves pruritus as well as the extent and morphol-
ogy of lymphoma lesions.22-24,27

Until recently, the literature only described an association
between MF/SS and S. aureus, but no mechanistic studies estab-
lishing a causal link between the two were available. A recent
article in Blood by Ødum and colleagues demonstrated for the
first time that S. aureus can directly activate oncogenic STAT3
signaling in malignant cells and can upregulate IL-17
expression.28 The authors demonstrated that Staphylococcal
enterotoxin A type (SEA), but not other staphylococcal toxins
(e.g., SEB, SEC, SED, or TSST-1), was present in the CTCL skin
isolates.28 In addition, the SEA was able to activate STAT3 and
upregulate IL-17 production in both patient-derived malignant
T cells and immortalized cell lines.28 Using various co-culture
models, the authors were able to demonstrate that SEA impacts
malignant T cells indirectly, by activating infiltrating bystander
non-malignant T cells, which in response to this stimulus pro-
duce IL-2 and other regulatory cytokines.28 These cytokines sig-
nal in a paracrine fashion and stimulate nearby malignant T
cells to upregulate JAK3/STAT3 signaling, which leads to IL-17
upregulation.28 This process could be blocked at various points
using specific siRNAs or tofacenib, a clinical grade JAK3 inhibi-
tor.28 The cancer promoting role of JAK3/STAT3 signaling and
IL-17 production in MF/SS has recently been described in
numerous reports.25,26,29-33 The above study for the first time
describes a causal link between the SEA and STAT3 oncogene
activation and explains the mechanism behind IL-17 upregula-
tion in a subset of advanced CTCL patients (Fig. 1).

S. aureus is a common pathogen that can also be found as
part of normal skin flora.34 It is believed that high prevalence of
this bacterial infection in advanced CTCL is explained by the
immunocompromised state and impaired skin barrier. Based
on the available molecular and clinical evidence, it is hypothe-
sized that this pathogen promotes malignant inflammation,
exacerbates itch, and the extent of body surface area involve-
ment by the lymphoma. However, there is little evidence to
suggest that S. aureus is critical for the initial transformation
event.

Further evidence for S. aureus involvement in cancer pro-
gression originates from various studies that examined the abil-
ity of Staphylococcal toxins to act as super antigens, and by
binding to a TCR-Vb chain, activate and lead to a proliferation
of malignant T cells in SS patients.13,27,35 The study by Ødum
and colleagues further suggests that toxin-mediated activation
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of malignant cells does not rely on the expression of a single,
toxin specific TCR-Vb chain in malignant cells, but on the
expression of multiple toxin binding TCR-Vb chains expressed
in bystander non-malignant tumor infiltrating T cells.28

As mentioned above, sun exposure, might be a protective
factor for CTCL. In a recent study, Duvic et al. investigated an
association between vitamin D deficiency and MF/SS.36 This
study documented that vitamin D deficiency was observed
in ~77% of CTCL patients, and is comparable to vitamin D
deficiency in other cancer patients (~75% of patients).36 In con-
trast, extensive literature in the field documents that vitamin D
deficiency is usually present in only ~30–40% of individuals in
the general United States population.37 In recent years, vitamin
D has been recognized as an emerging anticancer and immuno-
modulatory agent. Notably, increased sun exposure was noted
to be a protective factor for other non-Hodgkin lymphomas.38

As immunomodulator, topical calcipotriene ointment is rou-
tinely used for the treatment of psoriasis.39 Specifically, vitamin
D was shown to induce expression of cathelicidin, an important
antimicrobial peptide that protects the skin against various
pathogens, including S. aureus.40 Vitamin D deficiency could
contribute to the increased S. aureus colonization and sepsis,
which are both common in advanced CTCL patients.22,28,41

In addition to infections, various medications were proposed
to trigger MF including antihistamines, antiepileptics, antihyper-
tensives (e.g. calcium channel blockers and angiotensin-

converting enzyme inhibitors), and serotonin reuptake inhibi-
tors.42-44 The majority of evidence is at the level of case reports
and needs further validation. However, in a recent case-control
study, Duvic et al. demonstrated an intriguing link between
hydrochlorothiazide and MF, suggesting it could be triggering
early stage MF lesions.42 Their study indicates that after one or
more years of exposure rare patients develop classic MF
lesions.42 The results show that hydrochlorothiazide use is mostly
associated with stage I disease. After cessation of this medication
the MF skin eruption cleared in a number of patients or went
into remission, while re-challenge with hydrochlorothiazide led
to a recurrence or exacerbation of the MF/SS.42,45

In conclusion, based on existing evidence of geographic
clustering and occurrence of CTCL in unrelated family mem-
bers it is important to continue to search for potential external
triggers for this skin cancer. We believe that MF/SS is the end
result of a reaction to inappropriate T-cell activation followed
by accumulation of memory T helper cells. While several anti-
gens have been proposed to trigger this disease no single anti-
gen has been proven to definitively cause this cancer.

Furthermore, it is important to consider the above discussed
evidence in managing CTCL patients. Specifically, in evaluating
all newly diagnosed individuals with CTCL, a thorough medica-
tion history should be performed and all thiazide diuretics
should be stopped and replaced by another class of blood pres-
sure lowering medications. Also, for immunosuppressed patients,

Figure 1. Summary of proposed potential etiologic triggers/promoters for CTCL include medications, viruses, low levels of vitamin D, Mycobacterium leprae, Chlamydia
pneumonia, and Staphylococcus aureus. Recent evidence documents that S. Aureus enterotoxin type A (SEA) triggers non-malignant infiltrating T cells to release IL-2 and
other cytokines that upon binging to their cognate receptors on malignant T cells are able to activate STAT3 and STAT5 oncogene signaling and promote cancer progres-
sion and IL-17 secretion.

ONCOIMMUNOLOGY e1175799-3



it may be important to reduce the dose of immunosuppressive
medications in the case of organ transplant recipients and/or to
optimize immune function in HIV patients using anti-retroviral
medications. If patients are found to be vitamin D deficient, it is
appropriate to prescribe vitamin D supplementation therapy. For
patients originating from Japan, sub-Saharan Africa, South
America, and the Caribbean regions it may be important to rule
out HTLV-1 infection. Also, based on the recent mechanistic evi-
dence for S. aureus involvement in driving the cancer progres-
sion it may be beneficial to decolonize patients using bleach
baths, mupirocin 2% ointment application to nares, and other
methods that are currently used to treat atopic dermatitis
patients. Finally, for patients presenting with an exacerbation of
their malignancy (i.e., increased itch and/or increased body sur-
face involvement by the lymphoma) it is imperative to maintain
high index of suspicion and treat these individuals for S. aureus
colonization and/or sepsis with topical and systemic antibiotics.
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