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ABSTRACT

Three different dogs who had immune-mediated hemolytic anemia
(IMHA) were treated for more than two weeks with blood transfusion in an animal

clinic. Despite this treatment and hospitalization, there was no clinical improvement
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in clinical signs as well as complete blood cell count (CBC) including hematocrit (HCT)
and C-reactive protein (CRP). All cases were then injected two or three times with

allogeneic stem cells through an intravenous route for treatment. Upon administrating
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INTRODUCTION

Immune-mediated hemolytic anemia (IMHA) is a condi-
tion characterized by the destruction of red blood cells
(hemolysis) due to an abnormal immune response. In this
condition, the immune system mistakenly identifies the
body’s red blood cells as foreign and attacks them, leading
to their destruction. The clinical signs of IMHA are severe
anemia and inflammatory response (Balch and Mackin,
2007) including lethargy, anorexia, pale mucous mem-
branes, collapse, and vomiting (Assenmacher et al., 2019).
The classic treatment for IMHA is to use immunosuppres-
sive and antithrombotic drugs to prevent clinical signs as-
sociated with anemia (Swann et al., 2019). However, these
traditional methods have a lot of adverse effects and
limitations from a fundamental point of view. In recent
studies, stem cells have been suggested as a new effective
treatment option for IMHA. Stem cells have a therapeutic

stem cells to the IMHA dogs, clinical conditions and the indexes of HCT and CRP were
clinically improved within or close to normal ranges.
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potential by modulating immunomodulatory actions and
it could be an additional option or only treatment (Garner,
2022). In this study, we described the therapeutic effects
of amnionic membrane-derived mesenchymal stem cells
in dogs with IMHA.

CASE

The first case, an unknown dog (case 1), was diagnosed
with IMHA with anemia (hematocrit, HCT; 19.13%) and
inflammation (C-reactive protein, CRP; 69 mg/dL). A
5-year-old female Maltese dog (case 2) was 2.5 kg and
diagnosed IMHA with anemia (HCT; 18.8%) and inflam-
mation (CRP; 84 mg/dL). A 10-year-old neutered male
maltipoo dog (case 3) was 7.2 kg and diagnosed IMHA
with anemia (HCT; 19.8%) and inflammation (CRP; 59
mg/dL). There were no clinical improvements although
continuous blood transfusions and hospitalization before
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the stem cell injection. Actually, all patients showed leth-
argy and anorexia (Table 1).

All dogs were treated at the Anicom Medical Center
(Seoul, Korea) for stem cell therapy. Physical examina-
tion, complete blood count (CBC), and serum biochem-
istry should be obtained prior to stem cell injection. The
dogs were premedicated with ampicillin and antihista-
mines. Allogeneic mesenchymal stem cells were infused
intravenously for the treatment of IMHA. 1 x 10° cells/
kg were resuspended in normal saline with 200 IU hepa-
rin sulfate and administered intravenously with a syringe
pump operating 10 mL/kg/hr. The dose was based on
previous studies and proved not to be associated with
adverse events as well (Kim et al., 2021; Noh et al., 2021).
The patient appeared clinically normal and stable during
the infusions and immediately after.

Patients received stem cell therapy two or three times
through the same procedure (case 1: 3 times injections on
days 0, 10, and 21; case 2: 3 times injections on days 0, 2,
and 7; case 3: 2 times injections at day 0 and 3). All dogs

Table 1. Information list of patients before stem cell transplantation

Hematologic levels
Weight Symptom —
(ko) ymp HCT CRP

(%)  (mg/dL)
Lethargy, Anorexia 19.13 69.00

Lethargy, Anorexia, 18.80 84.00
Pale Mucous

Case Age Breed

‘] — — —
2 5 Maltese 2.50

Membranes
Lethargy, Anorexia, 19.80 59.00
Vomiting

3 10 Maltipoo 7.20

HCT, hematocrit; CRP, C-reactive protein.
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had better conditions and vital signs, and no side effects
were found during the second treatment. After three times
of stem cell therapy, the patient’s body condition almost
returned to normal.

The HCT level of Case 1 was 19.13% 17 days before cell
transplantation, and it decreased to 14.51% before the
first cell treatment on day O (Fig. 1A and Table 2). Af-
ter the first stem cell treatment (day 10), it increased to
35.30%. However, after the second (D21) and third stem
cell treatment (D26), it decreased from 23.79% to 17.03%.
Finally, it rose again to 47.00% and reached the normal
range on day 85 after cell transplantation. The CRP level
was 69.00 mg/dL 17 days before cell transplantation,
however, the CRP level was not measured after stem cell
treatment in this case (Fig. 1B and Table 2).

The HCT level of Case 2 was 18.80% 18 days before cell
transplantation (Fig. 1A and Table 2). Before the first cell
treatment (day 0), the HCT level was 22.52%, it increased
from 27.91% to 28.22% after the first and second stem
cell treatment. After the third stem cell treatment, it dra-
matically elevated to 42.10%, being similar to the normal
range. The CRP level was 84.00 mg/dL 18 days before cell
transplantation and it decreased to 6.00 mg/dL within the
normal range before the first cell treatment on day 0 (Fig.
1B and Table 2). After the first and second stem cell treat-
ments, CRP level was maintained within the normal range
(3.00 mg/dL).

The HCT levels of Case 3 were 19.80% and 25.21% 9
days before cell transplantation and on the day of the first
cell treatment (day 0), respectively (Fig. 1A and Table 2).
After the first and second stem cell treatments, the level
increased from 31.29% to 44.13%, approaching the normal
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Fig. 1. HCT (A) and CRP (B) levels at pre and post cell transplantation in 3 dogs with IMHA. HCT and CRP levels were within or similar

to normal ranges following cell transplantation. Tx, transplantation.
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Table 2. Hematologic levels associated in 3 dogs with IMHA

Index HCT WBC Globulin GOT GPT ALP CRP
Casel
Onset (-D17) 19.13 14.49 - 70.00 96.00 1029.00 69.00
Pre-Tx (D0) 14.51 8.60 - 130.00 405.00 3500.00 -
Post 1st Tx (D10) 35.30 18.48 - 211.00 1000.00 3500.00 -
Post 2nd Tx (D21) 23.79 39.19 - - - - -
Post 3rd Tx (D26) 17.03 18.59 - 206.00 1000.00 3500.00 -
Post 3rd Tx (D85) 47.00 - - - 155.00 1382.00 -
Case?
Onset (-D18) 18.80 16.37 - 18.00 183.00 308.00 84.00
Pre-Tx (D0) 22.52 17.65 - 26.00 409.00 784.00 6.00
Post 1st Tx (D2) 27.91 15.84 - 25.00 307.00 630.00 -
Post 2nd Tx (D7) 28.22 13.74 - 29.00 202.00 634.00 3.00
Post 3rd Tx (D42) 42.10 16.96 - - - - -
Case3
Onset (-D9) 19.80 41.42 - - - - 59.00
Pre=Tx (D0) 25.21 45.30 - - - - 26.00
Post 1st Tx (D3) 31.29 36.68 2.50 - - - 3.00
Post 2nd Tx (D15) 4413 26.05 - - - - 3.00

Tx, transplantation; HCT, hematocrit; WBC, white blood cells; GOT, glutamic oxaloacetic transaminase; GPT, glutamine pyruvic transaminase; ALP, alkaline
phosphatase; CRP, C-reactive protein. Onset indicates 9 to 17 days prior to the first cell transplantation. Pre-Tx means the day of the first stem cell

treatment, occurring before the actual cell transplantation takes place.

range. Further, the CRP level was 59.00 mg/dL 9 days be-
fore cell transplantation and it decreased to 26.00 mg/dL
before the first cell treatment on day O (Fig. 1B and Table
2). After the first and second cell treatment, the CRP level
decreased to 3 mg/dL, reaching the normal range.

Based on the results, stem cell therapy in dogs with
IMHA could improve the hematological level, such as HCT
and CRP, and the clinical signs.

DISCUSSION

IMHA is a common type of anemia in dogs and is more
common in middle-aged and females. Clinical symp-
toms include severe anemia and inflammation (Balch and
Mackin, 2007). In addition, the history of dogs affected
by IMHA is lethargy, anorexia, pallor, jaundice, vomit-
ing, collapse, and weakness. Also, physical examination
findings include systolic heart murmur, fever, tachycar-
dia, rapid breathing, hepatomegaly, and abdominal pain
(Sharp and Kerl, 2008).

Although treatment with a variety of immunosuppres-
sive and antithrombotic agents is traditionally used, there
is still no complete consensus among veterinarians on
the optimal regimen for treatment and maintenance af-
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ter diagnosis of the disease (Swann et al., 2019). Blood
transfusions, corticosteroids, azathioprine, cyclosporine,
meclofenoxate, and leflunomide are frequently used treat-
ment for IMHA currently. Unfortunately, only about one-
third of these treatments appear to be curative, while an-
other one-third do not lead to recovery or result in death
from uncontrolled and rapid hemolysis (Garner, 2022).

Recently, many studies have researched the efficacy of
stem cells in the treatment of IMHA. Among them, mes-
enchymal stem cells show great promise for the treatment
of these diseases. Effective immunomodulation can aid in
the treatment and prevention of autoimmune diseases. It
has been described that IMHA can be treated with alloge-
neic mesenchymal stem cells. These stem cell treatments
can be an addition to traditional treatment for IMHA and
can be the only treatment available when current thera-
pies can not be applied (Garner, 2022).

The amniotic membrane serves as a valuable source for
obtaining mesenchymal stem cells. Mesenchymal stem
cells derived from the amniotic membrane exhibit com-
parable characteristics to those isolated from different
sources, which expressed specific CD markers associated
with mesenchymal stem cells and differentiated into mes-
enchymal lineages, including adipogenesis, osteogenesis,
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and chondrogenesis (Dizaji et al., 2017; Ma el al., 2019).
Further, the mesenchymal stem cells derived from the
amniotic membrane could possess the ability to robustly
suppress immune responses and exhibit immunomodula-
tory effects in preclinical animal models (Insausti et al.,
2014). Finally, the amniotic membrane has the advantage
of being easily obtained through a non-invasive method,
enabling the isolation of a large number due to abundant
tissue from a single pregnant animal.

In this case, intravenous injection of allogeneic amni-
otic membrane-derived mesenchymal stem cells was used
for improvement of IMHA, especially, clinical signs and
blood tests for CBC including HCT and CRP. The absence
of consecutive blood tests immediately especially for CRP
and applications of different stem cell treatments are the
limitations of this case. Despite the limitations of this
case report, it suggested that allogeneic stem cell therapy
was not associated with adverse effects and may benefit
patients already undergoing conservative medical treat-
ment for IMHA.

CONCLUSION

In conclusion, stem cell therapy in dogs with IMHA
could help to increase HCT decrease CRP, and improve
clinical signs. It is thought that the potential application
of IMHA treatment as a stem cell therapy might be prom-
ising, helping to maintain health from IMHA. However,
large-scale clinical trials are required to be accepted as
innovative treatments for IMHA.
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