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Abstract

Both adult T-cell leukemia/lymphoma (ATL) and human T-cell leukemia virus type 1 (HTLV-1)-associated myelopathy/
tropical spastic paraparesis (HAM/TSP) can be induced by HTLV-1, but concurrent development has been rarely reported.
We present the case of a 55-year-old female who developed cranial nerve symptoms after a 20-year history of HAM/TSP.
Although multiple white matter lesions were observed on brain magnetic resonance imaging, no abnormalities were seen
on a systemic computed tomography scan. Quantitative flow-cytometric analysis of cell populations in the cerebrospinal
fluid (CSF) revealed that most of the infiltrating cells were not inflammatory cells, but HTLV-1-infected CD4* CADM-
1*T-cells completely lacking CD7 expression. As stepwise downregulation of CD7 is correlated with disease progression
from HTLV-1 carrier to aggressive ATL, the CSF cells were classified as aggressive ATL; these cells exhibited a more
progressed phenotype than those in peripheral blood (PB). HAM/TSP disease activity was estimated to be low. From these
and other examinations, we made a diagnosis of acute-type ATL, which unusually developed in the central nervous system
at initial onset prior to systemic progression. In ATL cases with a challenging diagnosis, immunophenotypic characterization
of CSF and PB is valuable for differential diagnosis and understanding disease status.
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Introduction

The prevalence of human T-cell leukemia virus type 1
(HTLV-1) infection is estimated to be at least 5—10 million
people worldwide [1]. HTLV-1 is transmitted vertically from
mother to child via breastfeeding or horizontally by sexual
intercourse and contaminated blood products [1]. Although
the majority of HTLV-1-infected people remain asympto-
matic for life, approximately 0.25 to 3% of HTLV-1-infected
individuals develop HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP), and another 5% develop
adult T-cell leukemia/lymphoma (ATL) [2]. ATL occurs
preferentially in older people with a median age of diagno-
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sis of 68 years and slightly more in men [3]. ATL usually
develops after decades of a non-symptomatic incubation
period since the first infection, mostly via breastfeeding
from an HTLV-1-carrier mother [2, 3]. By contrast, HAM/
TSP occurs three times more often in women as in men and
preferentially at around 40 years of age [2]. HAM/TSP can
develop with various incubation period lengths from several
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months to 30 years after vertical or horizontal transmission
[2]. The CD4 + CD25 + CCR4 + T-cell population, which is
generally recognized as a subset that includes regulatory T
(Treg) cells and Th2 cells, is the predominant viral reservoir
of HTLV-1 in both ATL and HAM/TSP [4]. During ATL,
the FOXP3 + population, which has Treg-like characteris-
tics immunophenotypically and functionally, is maintained,
leading to suppression of normal immunity in favor of tumor
proliferation [4]. By contrast, the primary HTLV-1-infected
T-cells in patients with HAM/TSP become Thl-like cells
with reduced FOXP3 expression that overproduce inter-
feron-gamma, resulting in over-reactive inflammation in
the spinal cord [2, 4, 5]. Hence, the host immune response
appears different between ATL and HAM/TSP [4, 5].

Concurrent development of HAM/TSP and ATL is
uncommon, and a few cases of patients with HAM/TSP who
developed ATL and vice versa have been reported [6]. Here,
we describe an unusual case of aggressive ATL developing
in the central nervous system (CNS) of a patient with HAM/
TSP. As the patient lacked typical symptoms and signs asso-
ciated with ATL, the diagnosis was challenging.

Case presentation

A 55-year-old female patient with HAM/TSP was referred
to our hospital due to somnolence. Bilateral spastic gait dis-
order progressed gradually during her 20-year history with
HAMY/TSP. She became wheelchair-dependent at the age of
52. HAM/TSP had been observed and treated with physi-
cal therapy for the last several years. Three months before
admission, she presented with postural instability, followed
by cranial nerve symptoms, such as visual disturbance, hear-
ing loss, and a facial palsy around the mouth. Altered men-
tal status and cognitive impairment also developed 1 month
before admission.

On admission, she was drowsy and bedridden with a
Glasgow Coma Scale score of 10. A neurological exami-
nation revealed spastic tetraplegia, a bilaterally positive
Babinski’s reflex, and an exaggerated deep tendon reflex
in the upper extremities. Loss of the pupillary reflex and
horizontal nystagmus were found bilaterally. No neck stiff-
ness or any other meningeal irritation was observed. As
these cranial nerve symptoms are not generally observed
in HAM/TSP, the concurrence of another intracranial dis-
ease was suspected. Except for neurological findings, no
abnormal signs including skin lesions were observed on a
physical examination. The peripheral blood (PB) examina-
tion revealed a white blood cell (WBC) count of 6.7 x 10°/L,
a hemoglobin level of 11.3 g/dL, and a platelet count of
29.9 x 10°/L. While morphologically normal lymphocytes
accounted for 20% of WBCs, atypical lymphocytes were
observed in 3.0% (Fig. 1). C-reactive protein content had
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Fig. 1 Morphological characteristics of the lymphocytes in cerebro-
spinal fluid (CSF) and peripheral blood (PB). Representative images
of infiltrating lymphocytes in the CSF (left) and PB (right) are shown
(May-Giemsa stain; original magnification, 1000 X). Most infiltrating
cells in the CSF were large abnormal lymphocytes with a vacuolized
cytoplasm and a highly cleaved nucleus. By contrast, lymphocytes in
the PB remained slightly atypical and small to medium in size

increased slightly to 0.41 mg/dL, and albumin content had
decreased to 2.8 mg/dL. Lactic dehydrogenase (LDH), blood
urea nitrogen, and corrected calcium levels remained within
the normal limits. The level of soluble interleukin 2 receptor
(sIL-2R) was elevated at 1210 U/mL. The serum HTLV-1
antibody test was positive. Lymphadenopathy, hepatos-
plenomegaly, or any other abnormalities was not detected
using systemic computed tomography (CT). Brain magnetic
resonance imaging (MRI) revealed that there were multiple
lesions in the diffuse area of the bilateral frontal cerebral
white matter, the corpus callosum, and the pons. These
intracranial lesions were hypo-/isointense in T1-weighted
images and hyperintense in T2-weighted images, but they
were not enhanced by gadolinium-diethylenetriamine pen-
taacetate. A cerebrospinal fluid (CSF) test revealed the cell
count of 46.2/pLL with large abnormal lymphocytes (Fig. 1),
protein content of 37.0 mg/dl, glucose content of 9 mg/dl,
and LDH content of 66 IU/L. The CSF tested positive for the
HTLV-1 antibody. Notably, the level of sIL-2R in the CSF
increased remarkably to 7000 U/mL, which was approxi-
mately six times as high as the PB level (Table 1). The pro-
viral load of the CSF was also much higher than that of the
PB. Polymerase chain reaction (PCR) analysis using the CSF
sample revealed that the sample was negative for adenovirus,
cytomegalovirus, Epstein—Barr virus, herpes simplex virus,
human herpesvirus, varicella zoster virus, Aspergillus, Can-
dida albicans/glabrata, and tuberculosis.

Next, multi-color flow-cytometric analysis of the cell
populations in the CSF was performed with absolute enu-
meration (Fig. 2a—g). There were few neutrophils, mono-
cytes, B-cells, NK-cells, and CD8-positive T-cells in the
CSF, which ruled out rapid deterioration resulting from
HAM/TSP and infectious intracranial diseases, such as a
cerebral abscess, encephalitis, or meningitis. Most of the
infiltrating cells were phenotypically homogeneous and
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Table 1 Characteristics of the cerebrospinal fluid (CSF) and peripheral blood (PB) at the time of diagnosis

Cerebrospinal fluid (CSF)

Peripheral blood (PB)

Large-sized abnormal lymphocytes with
basophilic plasma and strongly cleaved

Cell appearance

Small to medium-sized atypical lymphocytes
with basophilic plasma and less cleaved

nuclei nuclei

100.0 Frequency of atypical and abnormal lympho- 3.0
cytes (%/nucleated cells)

66 LDH (IU/L) 209
37 Protein (g/dL) 5.9
9 Glucose (mg/dL) 77
7000 sIL-2R (U/mL) 1210
+ HTLV-1 antibody +
93.92 HTLV-1 proviral load (copy number/100 cells) 16.48
35 Neopterin (pmol/mL) Not studied
10,336.9 CXCL10 (pg/mL) Not studied

LDH, Lactic dehydrogenase; sIL-2R, soluble interleukin 2 receptor; HTLV-1, human T-cell leukemia virus type 1

positive for CD3, CD4, CADM-1, and CCR4 (not shown),
but negative for CD7. By contrast, a small fraction of the
CD4-positive cells in the PB consisted of three different cell
populations as seen in a CD7 versus CADM-1 plot (Fig. 2h).
As reported previously, CD4 + T-cells that strongly express
CADM-1 are HTLV-1-infected cells, and stepwise down-
regulation of CD7 in HTLV-1-infected cells is associated
with disease progression from HTLV-1-carrier status to
aggressive ATL [7-10]. The difference in the expression
pattern of CD7 and CADM-1 in CD4-positive cells implied
a more advanced disease status in the CSF (Fig. 2g, h), and
the pattern in the CSF was very similar to that observed
in aggressive ATL. Moreover, these infiltrating cells in the
CSF were later cytologically categorized as class V. Taken
together, the patient was finally diagnosed with acute-type
ATL with CNS involvement.

Considering the ATL activity, mainly in the CNS, and
safety concerns about giving systemic chemotherapy to the
cognitively impaired patient, we decided to precede intrath-
ecal therapy before systemic chemotherapy. The treatment
started immediately with repetitive triple intrathecal therapy
(methotrexate, cytarabine, and prednisolone). Nevertheless,
before administration of systemic chemotherapy, the patient
died of central neurogenic respiratory failure on the sixth
day of hospitalization. An autopsy was not permitted.

Discussion

We present a case of aggressive ATL that developed in the
CNS without systemic progression. This case was classi-
fied as acute-type ATL according to Shimoyama’s crite-
ria, and the diagnosis was difficult because the patient did
not exhibit typical ATL features that met the criteria, such
as> 5% abnormal lymphocytes, swollen lymph nodes, and

skin lesions [11]. CNS invasion is observed in 10-25% of
patients with ATL, and it almost always occurs after rapid
systemic progression of ATL [12, 13]. Hence, a case like
ours, where CNS involvement was the initial ATL disease
presentation and systemic features were lacking, is very rare
[13].

Treatment for this patient was decided considering her
altered mental status, cognitive impairment, and progressive
decrease in consciousness. We assessed systemic chemother-
apy was inapplicable at first, and urgent therapeutic interven-
tion for CNS lesions was necessary. Moreover, as no other
active ATL lesions were detected, the ATL activity was con-
sidered to be mainly in the CNS. Therefore, we started with
intrathecal therapy before systemic chemotherapy.

Our patient already had another HTLV-1-induced disease,
HAM/TSP, before she developed ATL. Concurrent develop-
ment of HAM/TSP and ATL is uncommon, and few cases
have been reported of patients with HAM/TSP who develop
ATL and vice versa [6]. A high proviral load of HTLV-1 is a
significant risk for both the progression of HAM and devel-
opment of ATL [2]. Chronic meningomyelitis with axonal
degeneration resulting from HAM/TSP leads to motor and
sensory disturbances, but intracranial symptoms rarely
occur because HAM/TSP particularly affects the middle
to lower thoracic cord [2]. Therefore, the series of cranial
nerve symptoms observed in our patient, including visual
disturbance, deafness, facial palsy, cognitive impairment,
and consciousness disorder were considered to be caused
by another disease, which was finally concluded to be CNS
involvement of ATL. The survival period from the onset
of ATL to death was only 3 months, indicating that ATL
had progressed rapidly in the CNS. As the survival period
of acute-type ATL is generally short from a few weeks to
months without chemotherapy [14], early detection and
intervention are important for ATL. When HAM patients
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Fig.2 Quantitative flow-cytometric analysis of cell populations in
the cerebrospinal fluid (CSF) and peripheral blood (PB). Cell popula-
tions in the CSF were analyzed and quantified using multi-color flow
cytometry. Viable cells, white blood cells, neutrophils, monocytes,
B-cells, T-cells, NK-cells, CD8-positive T-cells, and CD4-positive
T-cells were gated sequentially (a—f). Then, the expression patterns
of CD7 and CADM-1 in CD4-positive T-cells were plotted (g),
and the expression profile was compared with CD4-positive T-cells

present with unusual intracranial symptoms, multimodal
assessments should be performed for differential diagnosis
and evaluation of the disease status.

Several CSF biomarkers have been studied for evaluating
disease activity of HAM/TSP. The levels of neopterin and
CXCL10 in the CSF are closely correlated with HAM/TSP
disease activity [15, 16]. A previous study demonstrated that
the median level of neopterin in the CSF of a deteriorating
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in the PB (h). Most of the cells in the CSF were positive for CD4
and CADM-1 but negative for CD7. These CD4-positive T-cells in
the CSF exhibited an apparently advanced ATL profile compared
with those in the PB. Only very small populations of CD4+CD7P
cells and CD8+ T-cells, which are the counterparts of uninfected
CD4+T-cells and cytotoxic T-lymphocytes respectively, were
observed, and no significant infiltration of other cells, such as neutro-
phils, monocytes/macrophages, B-cells, and NK-cells, was detected

HAM/TSP patient is 20-30 pmol/mL, whereas most sta-
ble patients with HAM/TSP exhibited values of < 10 pmol/
mL [15]. CSF CXCLI10 is also reported to distinguish
between rapid and slow progressors with an optimal cut-
off of 4400 pg/ml [16]. Although these markers are very
useful to evaluate HAM/TSP disease activity, discriminat-
ing other diseases is difficult. Indeed, our patient presented
with higher levels of neopterin and CXCL10 in the CSF,
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although HAM/TSP disease activity seemed to be low. As
CSF neopterin is reported to be a potential diagnostic bio-
marker of primary CNS lymphoma with an optimal cut-off
value of 10 pmol/mL [17], discriminating ATL in the CNS
from deterioration resulting from HAM is difficult. Another
marker suited for this purpose is CSF sIL-2R. In our case,
there was an increased level of sIL-2R in the patient’s CSF.
According to previous studies, the majority of ATL patients
with CNS involvement have elevated levels of sIL-2R in the
CSF [18], whereas levels of sIL-2R in the CSF of HAM/TSP
patients are usually below detectable levels [15]. Though
CSF sIL-2R might be a useful indicator of CNS ATL, addi-
tional assessments are necessary for definitive diagnosis
as it could be elevated by other diseases with active T-cell
responses.

A pathological examination of brain tissue by biopsy
or surgery is useful for a diagnosis if massive lesions are
detected in the CNS. However, a brain biopsy is often inap-
plicable because of lesion size, anatomical location, and
complication risks [19]. Alternatively, cytological analysis
of CSF cells is essential, but discrimination of atypical and
abnormal lymphocytes is often difficult in HTLV 1-infected
patients. Moreover, cytocentrifuge, which is generally used
before the analysis, has been reported to induce morphologi-
cal changes, and cytocentrifuged smears should be evaluated
with caution [20]. Intriguingly, the sensitivity of CSF cytol-
ogy alone is low (2-32%), but the sensitivity increases when
cytology is performed in combination with immunopheno-
typic analysis [21].

Immunophenotypic investigations on infiltrating cells in
the CSF are valuable to confirm diagnosis in many cases
ineligible for a brain biopsy. Typically, CSF samples of
patients with HAM/TSP exhibit mild lymphocytic pleocy-
tosis containing both CD4-positive HTLV-1-infected T-cells
and CD8-positive cytotoxic cells targeting the HTLV-1 anti-
gen [2]. In our case, there were few immune or inflamma-
tory cells in the CSF, and most of the infiltrating cells in the
CSF were immunophenotypically homogenous and strongly
expressed CD4, CADM-1, and CCR4. Additionally, as few
CDS8-positive T-cells were seen in the CSF despite no use of
an immunosuppressive agent, the HAM/TSP disease activ-
ity in this patient was considered to be low. The CD7 and
CADM-1 expression pattern plotted for CD4-positive cells
in the CSF was similar to the patterns often seen in patients
with aggressive ATL [7-10]. By contrast, the expression
pattern of CD4-positive cells in the PB was similar to the
pattern observed in high-risk HTLV-1 carriers or indolent
ATL patients [7-10]. This discrepancy between the CSF and
PB was also supported by other clinical features found in this
case, such as a normal level of serum LDH, no lymphocy-
tosis, and fewer morphological abnormalities in peripheral
lymphocytes. Based on these findings, we conclude that this
patient newly developed aggressive ATL in the CNS, but the

HAM/TSP was not exacerbated. A flow-cytometric analysis
of the CSF was quite useful for differentiating between ATL
in the CNS and HAM.

We also reviewed the peripheral blood. Among the
total WBCs (6700/uL), 3% (201/uL) of those were atypi-
cal lymphocytes, but no cells were classified as abnormal
lymphocytes according to the standard guideline of the
Japanese Society for Laboratory Hematology. Judged com-
prehensively with other clinical laboratory results presented
above, the atypical cells in the PB would not be aggressive
ATL cells. Recently we have reported CD4 + CADMI1 +cell
percentage in the PB predicts disease progression in
HTLV-1 carriers and indolent ATL. The cases where the
CADMI1 + percentage exceeds 50% are unstable and at high
risk of acute transformation. In such cases, the cumulative
incidence of receiving systemic chemotherapy at 3 years
was 28.4% [22]. Since the CADM1 + percentage, which is
the total percentage of CD7D and CD7N in CD4-positive
T-cells, were as high as 57.7% in this case, the risk for
progression to aggressive ATL was considered to be high.
Immunophenotypic analysis is useful for evaluation of the
risk, and the patient with high risk should have been moni-
tored carefully.

Confirmation of monoclonal integration of HTLV-1 using
southern blotting or inverse PCR is necessary for diagnos-
ing aggressive ATL. Sequential analysis of the CSF and the
PB is recommended for evaluating the disease activity of
HAM/TSP and monitoring the risk of acute transformation.
However, we were unfortunately unable to evaluate them
due to difficulties in collecting enough samples and a short
period of hospitalization.

In conclusion, we describe a case of a patient with HAM/
TSP who developed ATL rapidly in the CNS without sys-
temic progression. When HAM patients present with unu-
sual cranial nerve symptoms, a comprehensive investigation
is necessary for an early diagnosis. Immunophenotypic char-
acterization of the cell populations in the CSF and PB using
multi-color flow cytometry was very valuable for making a
differential diagnosis and understanding disease status.
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