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ABSTRACT. A 10-year-old spayed female Japanese domestic cat exhibited clinical symptoms suggesting pancreatitis.  One month later the
cat exhibited Horner’s syndrome and was euthanized.  At necropsy, multiple neoplastic masses were found in the intestines, spleen, kid-
neys, urinary bladder, and lungs.  On cytology, many neoplastic lymphocytic cells had fine to large cytoplasmic granules, suggesting
large granular lymphocyte (LGL) lymphoma.  Histopathological examinations revealed infiltrative proliferation of the neoplastic cells in
almost organs.  Immunohistochemically, the neoplastic cells were intensely positive for CD3 and granzyme B.  In the brain, there were
multifocal white matter lesions characterized by diffuse myelin loss with mild infiltration of the neoplastic cells.  Based on these findings,
the cat was diagnosed as LGL lymphoma presumptively of intestinal origin with systemic involvement.
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Large granular lymphocyte (LGL) lymphoma is a leuke-
mic disease characterized by the proliferation of large lym-
phocytic cells with azurophilic granules in their cytoplasm.
The neoplastic cells are of either T-cell or natural killer
(NK)-cell lineage, which are indistinguishable by cell mor-
phology [4, 9, 11, 19].  Immunohistochemically, however,
LGL cells are classified into 2 types; the CD3-positive T-
cell type and CD3-negative natural killer-cell type [19].
While LGL lymphomas in dogs and cattle are known as a
slowly progressive disease, feline LGL lymphomas are
acute and aggressive [11, 19].  Clinical symptoms of feline
LGL lymphomas include anorexia, weight loss, vomiting
and lethargy [22].  The lymphomas have less favorable
prognosis, and are minimally responsive to chemotherapy
[15].  They usually emerge in the enteric wall and rapidly
metastasize to multiple organs including the regional nodes,
liver, spleen, and kidneys with variable levels of leukemia
[19].  However, there has been little information concerning
the central nervous system (CNS) involvement of the feline
LGL lymphoma.

Granzyme is a cysteine protease found in the cytoplasmic
lysosome-like granules of the cytotoxic T lymphocyte and
natural killer cell [10].  Granzyme A and granzyme B are
most abundant within the lytic granules [18].  They are
released as a multi-molecular complex and induce apoptosis
by caspases-independent or -dependent pathways [12, 21].
Granzyme B is commonly used for a T-cell/NK-cell lym-
phoma marker in human pathology [6, 16, 24].  However, its
utility has not been confirmed in the field of veterinary
pathology.

The present report describes a case of feline systemic T
cell/LGL lymphoma with CNS lesions characterized by
multifocal white matter degeneration.

A 10-year-old spayed female Japanese domestic cat had
been kept as a blood donor at the Veterinary Medical Center
of the University of Tokyo.  The cat continuously vomited
undigested foods.  The ultrasonographic examinations
revealed corrugated signs in the small intestine.  Blood
chemistry test revealed elevated value of feline pancreatic
lipase (Table 1), suggesting pancreatitis.  Neoplastic cells
were not observed in the peripheral blood smear.  Antibiot-
ics medication and intravenous infusion improved the initial
symptoms.  Two weeks later anorexia and loose stool
appeared, and the antibiotics could not improve such symp-
toms anymore.  Endoscopic examinations revealed multiple
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Table 1. The result of complete blood cell count and blood
chemistry at the initial symptom

Laboratory parameter Reference range 

RBC ( 106 /l) 11.3 5.0 – 10.0
Hemoglobin  (g/dl) 13.9 8.0 – 15.0
PCV (%) 44.5 26.0 – 46.0
WBC (/l) 6,000 5,500 – 19,500
Platelets ( 103/l) 256 300 – 800

TP (g/dl) 6.4 5.4 – 7.8
BUN (mg/dl) 14.8 17.6 – 32.8
CRE (mg/dl) 0.8 0.8 – 1.8
ALP (U/l) 79 38 – 165
ALT (U/l) 96 22 – 84
Na (mEq/l) 145 147 – 156
K (mEq/l) 3.7 3.4 – 4.6
Cl (mEq/l) 108 107 – 120
Feline pancreatic lipase (g/l) 25.2 4.1 – 12.9

Feline pancreatic lipase showed high value.
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ulcerations of the stomach and duodenum.  Pathological
examination of biopsy specimens revealed severe ulcerative
lesions, but typical lesions of lymphoma, such as diffuse
infiltrative proliferation of atypical lymphocytes, had not
been confirmed.  The cat started to exhibit symptoms of
Horner’s syndrome at the left side, and magnetic resonance
imaging (MRI) examinations for the brain revealed diffuse
enhancing lesions in the periventricular and leptomeningeal
regions, and a mass of the pituitary gland (Fig. 1).  One
month after the first onset, the cat was euthanized due to
aggravated general conditions.  Necropsy was performed on
the day.

At necropsy, there were severe gastrointestinal multifocal
ulcerations and a duodenal perforation.  Diffuse thickening
of the intestinal wall was also observed.  The duodenum,
pancreas and right kidney were adhesive each other by
fibrinous peritonitis.  Multiple neoplastic masses were
found in the intestines, kidneys, urinary bladder and lungs
(Fig. 2).  The masses were white to pink in color, varied in
size, and soft.

On the imprint smear specimen from the renal mass
stained with May-Grünwald Giemsa, there were many neo-
plastic lymphocytes characterized by oval or polygonal
shaped nuclei, with distinct nucleoli.  Such neoplastic lym-
phocytes had a lot of azurophilic granules in their cytoplasm
(Fig. 3).  Mitotic figures were frequently observed in the
neoplastic cells.  Atypical lymphocytes were also observed

in the blood smear (18% of the total white blood cells) on
the day when the necropsy was performed.

For histological examinations, tissue samples were fixed
in 10% neutral buffered formalin, processed routinely,
embedded in paraffin wax, sectioned at 4 m, and stained
with hematoxylin and eosin (HE).  Some selected sections
were also stained with luxol fast blue (LFB), toluidine blue
and phosphotungstic acid hematoxylin (PTAH).  Immuno-
histochemical stains were also performed using the paraffin
sections by the method of labeled streptavidin biotinylated
antibody (LSAB) or envision polymer.  Primary antibodies
used were anti-CD3 (1:50; Dako, Glostrup, Denmark),
granzyme B (1:100; Spring Bioscience, Fremont, CA,
U.S.A.), BLA-36 (1:50; Dako), HLA-DR (1:100; Dako),
neurofilament (NF, pre-diluted; Dako), and glial fibrally
acidic protein (GFAP, 1:50; Dako).  Sections were then
counterstained with Mayer’s hematoxylin, LFB, or nuclear
fast red.  Since the immunoreactivity of anti-granzyme B
antibodies for feline cytotoxic/NK lymphocytes was
unclear, the immunochemistry was performed without set-
ting positive control.  Terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick end labeling (TUNEL) method
for detecting DNA fragmentation and apoptotic bodies was
also performed using the Apoptag kit (Oncor, Gaithersburg,
MD, U.S.A.) according to the manufacturer’s protocol.

Histopathologically, diffuse proliferation of round to oval
neoplastic lymphocytes was observed throughout the intes-

Fig. 1. Transverse fluid-attenuated inversion recovery (FLAIR)-weighted images in magnetic resonance
imaging (MRI) at the level of the cerebrum and pituitary gland (A), the mesencephalon (B), and the cer-
ebellum (C and D). Diffuse enhancing lesions are observed in the periventricular regions and leptom-
eninges (arrows). A mass lesion is also found in the pituitary gland (arrowhead).
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tinal masses (Fig. 4A).  The neoplastic cells showed a dis-
tinct epitheliotropism.  The nuclei of the neoplastic cells
were pale and had several prominent nucleoli.  Mitotic fig-
ures were prominent (4 to 5 per high power field).  Multifo-
cal or diffuse proliferation of the neoplastic lymphocytes
was also found in the heart, lungs, pancreas, renal cortex,
urinary bladder, stomach, adrenal glands, thyroid glands,
pituitary gland, brain and iris of the left eyeball.  Neoplastic
lesions in the spleen and bone marrow were not evident.
Most neoplastic lymphocytes were strongly positive for
CD3 (Fig. 4B) and granzyme B (Fig. 4C), and negative for
BLA-36 and HLA-DR.   The cytoplasmic granules detected
on the smear specimen were not distinct on the HE sections,
and negative for toluidine blue and PTAH.  Besides neoplas-
tic lesions, severe fat necrosis in the adipose tissue around
the pancreas, interstitial pneumonia, and proliferation of
glandular epithelium with squamous metaplasia in the pitu-
itary gland were also observed, respectively.

In the brain, CD3- and granzyme B-positive neoplastic
lymphocytes were found in the choroid plexus, leptom-
eninges and brain parenchyma.  Severe myelin loss and
macrophage infiltration were multifocally observed in the
cerebral and cerebellar white matter, and in the medulla
oblongata.  In the cerebellum, infiltration of both CD3- and
granzyme B-positive neoplastic lymphocytes was found in
the Purkinje and granular layers adjacent to white matter
lesions (Fig. 5).  Some neoplastic lymphocytes were closely
contact with Purkinje cells (Fig. 5, inset).  Purkinje and
granular cells in the lesions were TUNEL-negative, while
some of glial cells in the white matter lesions were positive
(Fig. 6).  Proliferation of GFAP-positive astrocytes was
minimal in the white matter lesions.  NF-positive spheroids
representing axonal degeneration were scattered in the white
matter.

Clinical and pathological features of the present case are
almost identical to those in the previous reports of feline
LGL lymphomas [4, 9, 10, 13, 15, 17].  The diagnosis of
LGL lymphoma was confirmed by the results of cytology
and immunohistochemistry.  Although the cytoplasmic

Fig. 3. Imprint smear from the renal mass. Large round-shaped
neoplastic cells contain azurophilic granules in their cytoplasm
(arrows). Bar =10 m. May-Grünwald Giemsa stain.

Fig. 2. Multiple white- to pink-colored nodules are observed in
the intestines (A) and kidneys (B) (arrows).

Fig. 4. (A); Diffuse proliferation of neoplastic lymphocytes throughout the lamina propria and serosa
of the ileum. Bar =50  m. Inset: Higher magnification of neoplastic cells. Bar =10  m. HE stain.
(B), (C); Neoplastic cells are positive for CD3 (B) and granzyme B (C).  Bar =50  m. Immunostain.
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granules in the neoplastic cells were not identified in the HE
specimens, those were intensely positive for granzyme B.
This fact indicates that the neoplastic cells originated from
the T cell/NK cell lineage, supporting the diagnosis of LGL
lymphoma.  The utilization of granzyme B-immunohis-
tochemistry has been confirmed in human medicine for the
identification of cytotoxic T-cells or NK-cells [10], and has
been used for refined classification of lymphomas [6, 16,
24].  However, little information about granzyme B involve-
ment in lymphocytes and lymphomas is available in the vet-
erinary field.  The present case indicates that the
combination of CD3- and granzyme B-immunostains is use-
ful for the pathological diagnosis of feline LGL lymphoma.

Previous studies [4, 9, 10, 13, 15, 17] dealing with feline
systemic T cell/LGL type lymphomas mentioned that the

alimentary tract might be the primary region, although the
exact origin of the tumor is not confirmed.  In the present
case, neoplastic cells were observed in almost all organs,
including the CNS.  In general, the metastatic CNS lesions
of a systemic lymphoma are characterized by the perivascu-
lar accumulation of neoplastic cells [14].  The neoplastic
lymphocytes of the present case diffusely infiltrated also in
the brain parenchyma.  Although the pathological changes
in the gray matter associated with neoplastic cell invasion
were mild, lesions in the white matter such as severe myelin
loss and mild axonal degeneration were observed in the
case.  Horner’s syndrome can be explained by loss of myelin
and secondary axonal damage in the brain stem.

For the interpretation of this unique phenomenon, gener-
ation of autoantibodies is suspected as a cause of paraneo-
plastic symptoms [8] associated with lymphoma.  The
association of focal demyelinating lesions along the neu-
roaxis has been noted in cases of lymphoma, both in medical
[20, 23] and veterinary [3] field, although the lesions were
only observed in the peripheral nerves in most cases.  One
report concerning a paraneoplastic demyelination in the
CNS accompanied by cytotoxic T cell lymphoma in the
heart was found in medical field.  The demyelinating lesions
in the cerebellum are quite similar to that of the present case
[7].  Paraneoplastic demyelination is supposed to be medi-
ated through antigen-specific T cells that have received the
antigen from apoptotic neoplastic cells [5].  Two pathogenic
mechanisms were suggested in such phenomenon; (a)
demyelination as a result of paraneoplastic oligodendroglial
cytotoxic phenomenon [1], or (b) immune-mediated lym-
phocytic response to demyelination, which later transforms
into a neoplastic process [2].  However, in the present case,
the morphology and immunoreactivity of the lymphocytes
infiltrating into the brain parenchyma were quite similar to
the neoplastic lymphocytes proliferating in the intestine.
Furthermore, no autoantibody against feline CNS tissues
was detected by indirect fluorescent antibody (IFA) and
Western blot methods (Data not shown).  Thus, the parane-
oplastic syndrome-like pathogenesis is unlikely to be a
cause of the white matter degeneration in the present case.

We, therefore, suspected that the white matter lesions are
induced by the direct tissue injury by infiltrated LGL lym-
phoma cells.  The neoplastic LGL lymphoma cells in the
present case contained cytoplasmic granzyme B.  And in
fact, some glial cells in the white matter lesions were
TUNEL-positive, indicating apoptotic activity of the neo-
plastic lymphocytes.  Although the pathogenesis remains
unclear, these findings suggest that the direct cell injury to
oligodendroglial cells by infiltrated LGL lymphoma cells
might cause the severe myelin loss in the present case.

REFERENCES

  1. Ayuso-Peralta, L., Ortí-Pareja, M., Zurdo-Hernández, M.,
Jiménez-Jiménez, F. J., Tejeiro-Martínez, J., Ricoy, J. R., de la
Lama, A. and Bernardo, A. I. 2001. Cerebral lymphoma pre-
senting as a leukoencephalopathy. J. Neurol. Neurosurg. Psy-
chiatry 71: 243–246.

Fig. 5. Severe myelin loss in the white matter of the cerebellum.
Neoplastic cells (arrows) are observed in the Purkinje and
granular layers, and also in the white matter. Bar =200  m.
Inset: Higher magnification of the Purkinje layer. A lot of neo-
plastic lymphocytes are present around Purkinje cells. Bar =10
m. LFB and CD3 immnostain.

Fig. 6. TUNEL stain of the cerebellar white matter. TUNEL-
positive cells (arrows) are observed in the white matter. Bar
=100  m.



799FELINE LGL LYMPHOMA WITH CNS LESIONS
  2. Brecher, K., Hochberg, F. H., Louis, D. N., de la Monte, S. and
Riskind, P. 1998. Case report of unusual leukoencephalopathy
preceding primary CNS lymphoma. J. Neurol. Neurosurg. Psy-
chiatry 65: 917–920.

  3. Cavana, P., Sammartano, F., Capucchio, M. T., Catalano, D.,
Valazza, A. and Farca, A. M. 2009. Peripheral neuropathy in a
cat with renal lymphoma. J. Feline Med. Surg. 11: 869–872.

  4. Darbès, J., Majzoub, M., Breuer, W. and Hermanns, W. 1998.
Large granular lymphocyte leukemia/lymphoma in six cats.
Vet. Pathol. 35: 370–379.

  5. Darnell, R. B. 2004. Paraneoplastic neurologic disorders: win-
dows into neuronal function and tumor immunity. Arch. Neu-
rol. 61: 30–32.

  6. De Bruin, P. C., Kummer, J. A., van der Valk, P., van Heerde,
P., Kluin, P. M., Willemze, R., Ossenkoppele, G. J., Radaszk-
iewicz, T. and Meijer, C. J. 1994. Granzyme B-expressing
peripheral T-cell lymphomas: neoplastic equivalents of acti-
vated cytotoxic T cells with preference for mucosa associated
lymphoid tissue localization. Blood 84: 3785–3791.

  7. Deepti, A. N., Noone, M. L., Mahadevan, A., Naresh, K. N.,
Yasha, T. C., Satishchandra, P., Muthane, U. B. and Shankar,
S. K. 2008. Primary cardiac cytotoxic T-cell lymphoma pre-
senting with neurological deficits: a case report. Cardiovasc.
Pathol. 17: 334–338.

  8. Dropcho, E. J. 2005. Update on paraneoplastic syndromes.
Curr. Opin. Neurol. 18: 331–336. 

  9. Endo, Y., Cho, K. W., Nishigaki, K., Momoi, Y., Nishimura,
Y., Mizuno, T., Goto, Y., Watari, T., Tsujimoto, H. and Haseg-
awa, A. 1998. Clinicopathological and immunological charac-
teristics of six cats with granular lymphocyte tumors. Comp.
Immunol. Microbiol. Infect. Dis.  21: 27–42.

10. Hameed, A., Truong, L. D., Price, V., Kruhenbuhl, O. and
Tschopp, J. 1991. Immunohistochemical localization of
granzyme B antigen in cytotoxic cells in human tissues. Am. J.
Pathol. 138: 1069–1075.

11. Head, K. W., Cullen, J. M., Dubielzig, R. R., Else, R. W., Mis-
dorp, W., Patnaik, A. K., Tateyama, S. and van der Gaag, I.
2003. Histological classification of tumors of the alimentary
system of domestic animals. pp. 97–100. In: World Health
Organization, International Histological Classification of
Tumors of Domestic Animals, Second series (Shulman, F. Y.
ed.), The Armed Forces Institute of Pathology, Washington, D.
C.

12. Heusel, J. W., Wesselschmidt, R. L., Shresta, S., Russell, J. H.
and Ley, T. J. 1994. Cytotoxic lymphocytes require granzyme
B for the rapid induction of DNA fragmentation and apoptosis
in allogeneic target cells. Cell 76: 977–987.

13. Kariya, K., Konno, A. and Ishida, T. 1997. Perforin-like immu-
noreactivity in four cases of lymphoma of large granular lym-
phocytes in the cat. Vet. Pathol. 34:156–159.

14. Koestner, A., Bilzer, T., Fatzer, R., Schulman, F. Y., Summers,
B. A. and Van Winkle, T. J. 1999. Histological classification of
tumors of the nervous system of domestic animals. pp. 30–32.
In: World Health Organization, International Histological
Classification of Tumors of Domestic Animals, Second series
(Shulman, F. Y. ed.), The Armed Forces Institute of Pathology,
Washington, D. C.

15. Krick, E. L., Little, L., Patel, R., Shofer, F. S., Sorenmo, K.,
Clifford, C. A. and Baez, J. L. 2008. Description of clinical and
pathological findings, treatment and outcome of feline large
granular lymphocyte lymphoma (1996–2004). Vet. Comp.
Oncol. 6: 102–110.

16. Ohshima, K., Suzumiya, J., Sugihara, M., Kanda, M., Shi-
mazaki, K., Kawasaki, C., Haraoka, S. and Kikuchi, M. 1999.
Clinical, immunohistochemical and phenotypic features of
aggressive nodal cytotoxic lymphomas, including , / T-
cell and natural killer cell types. Virchows Arch. 435: 92–100.

17. Roccabianca, P., Vernau, W., Caniatti, M. and Moore, P. F.
2006. Feline large granular lymphocyte (LGL) lymphoma with
secondary leukemia: primary intestinal origin with predomi-
nance of a CD3/CD8 phenotype. Vet. Pathol. 43: 15–28. 

18. Takata, H. and Takiguchi, M. 2006. Three memory subsets of
human CD8+ T cells differently expressing three cytolytic
effector molecules. J. Immunol. 177: 4330–4340.

19. Valli, V. E., Jacobs, R. M., Parodi, A. L., Vernau, W. and
Moore, P. F. 2002. Histological classification of tumors of
hematopoietic tumors of domestic animals. pp. 40–42. In:
World Health Organization, International Histological Classifi-
cation of Tumors of Domestic Animals, Second series (Shul-
man, F. Y. ed.), The Armed Forces Institute of Pathology,
Washington, D. C.

20. Wada, M., Kurita, K., Tajima, K., Kawanami, T. and Kato, T.
2003. A case of inflammatory demyelinating polyradiculoneur-
opathy associated with T-cell lymphoma. Acta Neurol. Scand.
107: 62–66.

21. Waterhouse, N. J., Sedelies, K. A. and Trapani, J. A. 2006.
Role of bid-induced mitochondrial outer membrane permeabi-
lization in granzyme B-induced apoptosis. Immunol. Cell Biol.
84: 72–78.

22. Wellman, M. L., Hammer, A. S., DiBartola, S. P., Carothers,
M. A., Kociba, G. J. and Rojko, J. L. 1992. Lymphoma involv-
ing large granular lymphocytes in cats: 11 cases (1982–1991).
J. Am. Vet. Med. Assoc. 201: 1265–1269.

23. Wills, A.  J., O’Connor, S. and McMillan, A. 2008. Sub-acute
demyelinating neuropathy associated with an NK/T cell lym-
phoma. J. Neurol. Neurosurg. Psychiatry 79: 484–485.

24. Yamashita, Y., Yatabe, Y., Tsuzuki, T., Nakayama, A., Haseg-
awa, Y., Kojima, H., Nagasawa, T. and Mori, N. 1998. Perforin
and granzyme expression in cytotoxic T-cell lymphomas. Mod.
Pathol. 11: 313–323.


