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Ex vivo Boosted Immune Cell Therapy for
Canine Hepatic Disease

Seulgi Bae Abstract A 12-year-old male American Cocker Spaniel was diagnosed with a type
Taeho Oh* of chronic hepatits (CH) called cholangioheaptits. Routine supportive medication

was administered to the patient, and ex vivo boosted immune cell (EBI-C) therapy
Department of Veterinary Internal Med- was used for the treatment. A histopathologic examination of the liver 19 months
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later revealed that the cholangiohepatitis had progressed to cholangiocarcinoma.
The medication and immune cell therapy was maintained. Two months after the
new diagnosis, the patient’s state worsened, and the dog died 635 days after the
first visit. EBI-C therapy is a type of immunotherapy, where immune cells are isolat-
ed from the patient’s peripheral blood mononuclear cells, expanded ex vivo, and
then infused into the patient intravenously every two weeks. EBI-Cs (mean: 2.78 x
108 cells) were obtained 38 times and infused every two weeks. Most EBI-C were
T-lymphocytes (99.24% of total EBI cells). T-lymphocytes produce large interferon
(IFN)-y, and IFN-y inhibits liver fibrosis in dogs with CH. Moreover, in bile duct can-
cer, an increase in T-lymphocytes correlates with decreasing tumor invasion and
metastasis. Thus, we propose that EBI-C therapy is applicable as a new supportive
therapy for canine liver disease if other treatments like drug medication, surgery,
or radiation are unavailable.
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Introduction

Chronic hepatitis (CH) is a disease that occurs frequently in
dogs (1,8,9,25). Although liver inflammation has been subdi-
vided into several categories, such as chronic active hepatitis,
chronic cholestatic hepatitis, and cholangiohepatitis, the
World Small Animal Veterinary Association Liver Standardiza-
tion Group proposed that all conditions are CH (29).

CH is treated as an immune-mediated disease, with oral
corticosteroids combined with supportive therapy (6,26).
However, if the patient is accompanied by CH and endocrine,
such as diabetes mellitus or hyperadrenocorticism, steroid
administration is not feasible.

Presentd is a Cocker Spanel case of CH, hyperadrenocor-
ticism, and diabets mellitus, with an eventual progression
of the CH to cholangiocarcinoma. Due to the presence of
comorbid endocrine disease, corticosteroids for CH were not
feasible. Hence, the patient was treated with adjuvant im-
mune cell therapy.

Case Report

A 12-year-old male American Cocker Spaniel, with poly-
uria, polydipsia, anorexia, and hind limb weakness, was
referred to the Small Animal hospital of Veterinary Medicne
at Kyungpook National University. On physical examination,
there was no specific abnormality. The complete blood count
(CBC) and serum biochemistry profile did not reveal abnor-
malities, except increased alkaline phosphate (ALP, 298 U/,
[RI (reference interval): 47-254 U/I]) and amylase (2215 U/, [RI:
200-1400 U/1)). Abdominal ultrasound showed a round mass
in the splenic body and a snowman-shaped mass in the left
adrenal gland. The liver appeared coarse in texture and had
an irregular hepatic margin. These abnormalities were also
identified in computed tomography imaging.

Abdominal surgery was conducted to excise the masses
and obtain a liver tissue sample. The liver's gross appearance
was dark red, and various sizes of nodules were observed
over the liver surface. The liver sample was obtained from
wedge biopsy and fixed in 10% neutral buffered formalin. A
splenectomy was performed, and the spleen mass was fixed.
No surgical treatment was performed on the left adrenal
gland. The tissue samples were subsequently slced and his-
tologically stained with hematoxylin and eosin. In addition to
the histopathological examination, and adrenocorticotrophic
hormone (ACTH) stimulation test was conducted to confirm
hyperadrenocorticism (HAQ).

The splenic mass was diagnosed as a benign nodular
lymphoid hyerplasia. In the liver tissue, mild to moderate

lymphocytic cholangiohepatits with immature portal-portal
bridging fbrosis and datrophic heatic lobules were identified.
Hepatocytes were swollen with wispy vacuoles, and no neo-
plasm was observed. The ACTH stimulation test confirmed
HAC.

As a daily dose, the patient was treated with ursodeoxy-
cholic acid (10 mg/kg), s-adenosylmethionine (20 mg/kg), tri-
lostane (2.5 mg/kg), and clopidogrel (1 mg/kg) via oral route,
concurrent with ex vivo boosted immune cell (EBI-C) therapy.
EBI-C therapy is an immunotherapy approach where immune
cells are isolated from the patient’s peripheral blood mono-
nuclear cells (PBMCs), expanded in ex vivo, and intravenously
infused into the patient. Peripheral blood (10 mL) was col-
lected via jugular venipuncture, cultured, and incubated for
two weeks. Then, EBI-Cs suspended in 10-20 mL of normal
saline was administered to the patient intravenously every
two weeks. Two months after the initial hospital visit, the pa-
tient was given NPH (0.6-0.7 U/kg) twice a day. The patient
responded very well to treatment for HAC and DM. The CVC
and serum biochemistry were within the reference ranges.
One or more of the serum enzymes, alkaline phosphatase
(ALP), alanine transaminase (ALT), creatine kinase, blood urea
nitrogen (BUN), and amylase, increased episodically but soon
returned to the reference range. The patient’s condition was
good, except for weight loss. His appetite was normal, but he
had lost approximately 2 kg over one year. Histopathological
examination of the liver revealed that the cholangiohepatitis
had progressed to cholangiocarcinoma 19 months later. The
liver samples showed invasive neoplastic cells surrounded by
thick fibrous septa. The neoplastic cells had an appearance of
biliary epithelium characterized by columnar-cuboidal cells,
pale-to-eosinophilic abundant cytoplasm, and prominently
round nuclei. However, severe clinical signs of hepatic failure,
such as ascites and neurological sings, were not evident.
Two months after diagnosis with cholangiocarcinoma, the
dog was depressed, with decreased appetite, melena, and
diarrhea. Clnical signs had waxed and waned. Even though
the insulin dose was adjusted, the blood glucose level was
not maintained within the normal range. Serum chemistry
showed that the liver enzymes were elevated and did not
return within the reference range. At 625 days, the level of
BUN, creatinine, amylase, and lipase increased. We treated
the patinet for acute renal failure and pancreatitis. THe kid-
ney and pancreatic enzyme activity returned to normal, but
lethargy, anorexia, and diarrhea remained. The dog died 635
days following the first visit and 70 days following the diag-
nosis of cholangiocarcinoma.
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Discussion

CH is frequently reported in dogs (1,8,9,25). American and
English Cocker Spaniels were reported to be at risk of devel-
oping CH (1). Additionally, the prognosis of these breeds is
poorer than other breeds with CH (3,4). Diagnostic confir-
mation of CH is based on hepatic histopathology (29). Unlike
other predisposed breeds, the hepatitis of Cocker Spaniels
represented characteristic lesion histopathology (3,13). Both
American and English Cocker Spaniels have evidence of in-
creased fibrous connective tissue and predominantly inflam-
matory lymphocytes rather than plasma cells or neutrophils
(3,13). In contrast, English Cocker Spaniels have predomi-
nantly shown hepatocyte necrosis and apoptosis, whereas
necrotic activity or hepatic apoptosis is low in most American
Cocker Spaniels (3,13). CH is one of the causes of cirrhosis,
and the prognosis for patients with CH and developed cirrho-
sis is poor (9,19). In this study, the histopathological finding
was similar to previous reports, and we predicted that the
liver had progressed to cirrhosis based on gross appearance.

Hence, CH is considered an immune-mediated disease,
oral corticosteroids with supportive therapy are the first op-
tion for treating CH in dogs (6,26). Corticosteroids have been
reported to suppress inflammation and the transforming
growth factor (TGF)-B pathway, thus, suppressing fibrosis
(5,7). However, in this case, the administration of corticoste-
roid was not feasible because of HAC and DM. Furthermore,
corticosteroid use in patients with hepatic fibrosis is not
appropriative because it could cause portal hypertension.
Therefore, the patient was treated using adjuvant EBI-C ther-
apy.

EBI-C therapy is a type of immunotherapy, where immune
cells are isolated form the patient’s PBMCs, expanded ex
vivo, and then infused into the patient. Thus, patients receive
several activated immune cell transfer can be used to treat
various pathological conditions, especially cancer (12,14,24).
PBMCs were isolated from a 10 mL peripheral blood sample
from the patient. EBI-Cs (0.2-8.4 x 10° cells) was obtained
two weeks after the culture and expansion of PBMCs. EBI-C
were suspended in 10-20 mL of normal saline and intrave-
nously infused into the patient. EBI-Cs were obtained 38
times in this study, and the mean cell count of injection was
2.78 x 10° cell. Most of the EBI-Cs were CD3"CD21" T-lym-
phocytes (mean: 99.24% of total EBI cells), whereas others in
clude Natural killer (NK) cells and regulatory T-cells.

Interferon (IFN)-y is primarily produced by T-lymphocytes,
NK cells and NKT-cells. Thus the number of INF-y producing
cells increased significantly with the culture and stimulation of
EBI cells. In several studies, the injection of IFN-y inhibits liver

fibrosis in experimental animals through several mechanisms
besides IFN-y suppression of TGF-B expression (2,21,22,30).
Before, we mentioned that CH is an immune-mediated dis-
ease and EBI-C therapy is an infusion of numerous immune
cells into the body. Thus it was thought that EBI-C therapy
may worsen CH. However, the main benefit of EBI-C thera-
py is to increase the number of INF-y producing cells in the
body, and we expected that EBI cell therapy could have an
antifibrotic effect in dogs.

On the second, according to the histopathological liver tis-
sue examination, the patient was diagnosed with cholangio-
carcinoma. This biliary tract cancer behaves aggressively, with
a high metastasis rate in humans and animals according to
clinical studies (10,17). Metastasese occured in 60-88% of the
dogs with bile duct carcinoma, and the most common sites
of metastasis were the lymph, lungs, and peritoneum (18,28).
In human clinics, bile duct carcinoma is treated with radiation
therapy, chemotherapy, and aggressive surgery (17). Howev-
er, in most patients, the cancer is unresponsive or relapses,
and the prognosis is poor (17). Therefore, a more therapeutic
strategy has been developed to treat bile duct cancer, partic-
ularly immunotherapy (11,27). Infiltration of different subsets
of immune cells has been demonstrated to inhibit tumor
progression and metastatic potential in various types of can-
cers (12,23,24). In an early study, CD4+ and CD8+ T-cells
decreased tumor invasion and metastasis in humans with
bile duct cancer (15,16). As mentioned above, EBI-Cs consist
primarily of T-lymphocytes. Thus, we expected beneficaial
effects on EBI-C therapy on dogs with cholangiocarcinoma.
Indeed, we had been conducting diagnostic imaging tests
until the day before death. Although a high prevalence of
cholangiocarcinoma metastasis has been documented, there
was no pulmonary, lymph nodes, and peritoneum metastatic
evidence on radiological and ultrasound scans. Un this study,
the patient had been teated consistently with EBI-C therapy,
except on a few occasions because of the owner’s personal
reasons.

According to studies, the prognosis in dogs with CH is
guarded, with a median survival time ranging from 189
to 913 days (3,19,20). Bexfield et al. (3) noted that 55% of
Cocker Spaniels died within three months, and just 17% of
dogs survived more than a year following CH diagnosis. Also,
several dogs with CH suffered severe clinical symptoms asso-
ciated with liver function failures, such as ascites and neuro-
logical signs (19,20). Presently, the survival time was 635 days
from the first hospital visit. During the therapeutic period,
the patient’s condition had been good.

According to the owner’s observation, the dog showed
decreased appetite and lethargy when the EBI-C therapy was
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discontinued.

To best of our knowledge, this is a novle report on immune
cell transfer therapy adjusted for canine CH and bile duct car-
cinoma. Further studies are needed to confirm the efficacy of
EBI-C therapy for canine liver disease. However, we propose
that EBI-C therapy is applicable as a new therapy for canine
liver disease if other treatments like drug medication, surgery,
or radiation are unavailabe.
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