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Key Clinical Message

Human embryonic stem cell (hESC) therapy is the potential therapeutic option

for the treatment of patients with aplastic anemia (AA). The study showed a

remarkable improvement in the AA patient subsequent to hESC administration.

No adverse events occurred in the patient. hESC therapy is safe and effective

for AA patients.
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Introduction

Aplastic anemia (AA) is a rare hematologic condition [1].

The incidence of AA is reported to range between 1.4 and

14 cases per 1,000,000 people [2, 3]. Environmental fac-

tors lead to variation in the incidence in Asian countries

(higher) and the Western countries [4–7].
The AA is classified as nonsevere AA (nSAA), severe

AA (SAA), and very severe AA (vSAA). The threshold val-

ues of blood cells for nSAA are as follows: neutrophils –
<1.0 g/L, platelets – <50 g/L, reticulocytes – <20 g/L; for

SAA, neutrophils – <0.5 g/L, platelets – <20 g/L, reticulo-

cytes – <20 g/L; and for vSAA, neutrophils – <0.2 g/L

(especially granulocytes), platelets – <20 g/L, reticulocytes

– <20 g/L, respectively [8].

Till date, the only immunosuppressive therapy

approved by the Food and Drug Administration for the

treatment of AA is the horse antithymocyte globulin

(ATGAM (R); h-ATG) drug [9]. Other immunosuppres-

sive medications include cyclosporine (CsA), granulocyte

colony-stimulating factor (G-CSF), alemtuzumab, and

methylprednisolone (6MPred) [10–12].
For more than a decade, the treatment of AA involves

stem cell transplantation from different sources such as

peripheral blood stem cells, bone marrow stem cells

(BMSC), hematopoietic stem cells (HSCs), and umbilical

cord stem cells [13–16]. However, the use of human

embryonic stem cells (hESCs) for blood disorders is still

in in vitro study stage [17]. The current study is the very

first to present a case of AA treated with hESC therapy.

Previously, hESC therapy has been employed for the

treatment of several terminal conditions including spinal

cord injury, cerebral palsy, diabetes, Duchenne muscular

dystrophy, and Friedreich’s ataxia [18–23].

Methodology

Material and methods

Human embryonic stem cell line is cultured and main-

tained in accordance with our in-house patented technol-

ogy in a Good Laboratory Practices, Good Manufacturing

Practices, and Good Tissue Practices compliant laboratory

at our facility (Patent-WO 2007/141657A PCT/1B 2007

Published 13 December 2007). The details of the tech-

nique used to isolate, culture, and store hESCs have been

described elsewhere [24]. The cell lines are free of xeno-

product and are chromosomally stable even after >4000
passages [24].

The hESC therapy consisted of one treatment session.

The patient was administered with 1 mL hESCs on 23

September 2015 via an intravenous route (i.v.) to allow

ª 2017 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,

distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

919

http://orcid.org/0000-0003-4245-8995
http://orcid.org/0000-0003-4245-8995
http://orcid.org/0000-0003-4245-8995
http://creativecommons.org/licenses/by-nc/4.0/


the cells to reach at the injured site and result in repair

and regeneration.

The study was approved by an independent Institu-

tional Ethics Committee (IEC). The patient gave written

and video-informed consent prior to start of the treat-

ment. In-house physicians and nurses monitored any

antigenic or anaphylactic response. The principles laid

down by “Declaration of Helsinki” were followed while

conducting the entire study [25].

Case history

A 38-year-old female patient presented to our facility for

the treatment of AA. In the starting of 2015, the patient

started getting bruises over body easily under normal

pressure. The patient history revealed that she had

received methotrexate (1 g) i.v. for three cycles. She had

undergone multiple platelet transfusions at another hospi-

tal and was diagnosed as a case of pancytopenia. Her

hemogram showed no improvements even after the trans-

fusion. The patient was then referred to another facility

where she was diagnosed with AA and received steroid

therapy, but the symptoms did not improve. Although

advised antithymocyte globulin (ATG) treatment, she

chose stem cell therapy.

She presented to our facility with the following symp-

toms: tendency to bruise easily, inability to do routine

work with ease, excessive lethargy, and fatigue and breath-

lessness on climbing stairs.

On 23 September 2015, the patient underwent labora-

tory investigations at our facility. The total blood count

before therapy is presented in Table 1. Peripheral smear

showed predominantly macrocytic with few normocytic,

normochromic red cells with anisopoikilocytosis.

The patient was treated with hESC therapy along with

the medication including Clip-MF (500 g 9 BD; FDC

LIMITED, B-8, MIDC Area Waluj - 431 136. Dist. Auran-

gabad, Maharashtra), Primolut N (BD; Zydus Cadila

Healthcare Ltd. Majitar, East Sikkim 737136), and Graftin

(100 mg 9 BD; Ranbaxy Laboratories Ltd. (Croslands)

Croslands House, Plot No. 89, Road No. 15, MIDC,

Marol, Andheri (East), MUMBAI 400 093 India). These

medicines were prescribed during previous treatment regi-

mens wherein Clip-MF is a hemostatic agent, tranexamic

acid and Primolut N (hormone) help to stop menstrual

bleeding, and Graftin was prescribed to increase white

blood cell (WBC) counts.

After undergoing a single treatment session, she showed

a remarkable improvement in her symptoms. The tendency

to bruise had reduced; she was able to carry out her daily

routine with ease and did not feel lethargic or fatigue. Blood

glucose level was normal and she no longer had breathless-

ness while climbing stairs. Her blood count improved (dif-

ferential leukocyte count, DLC: 52/34/0.3/10.5; platelet

count: 0.59; and hemoglobin, Hb: 12.3) (Table 1), and the

medication was also reduced at the end of the treatment.

Follow-up of the patient revealed that she is off to medica-

tions since March 2016. Patient is now with platelet count

of 1.07 and Hb of 13.4. She is fit and has no problems.

Discussion

The use of in-house cultured hESCs for the treatment of

AA resulted in a remarkable improvement in the patient’s

condition. The cell line (mixture of neuronal and non-

neuronal cells) was isolated from a fertilized ovum at

two-celled stage in contrast to the 64-celled stage or inner

cell mass of the blastocyst used by most of the researchers

as the cells do not have developed antigens at the former

stage, thus cannot lead to immunosuppression [24].

Several complications are associated with the use of tra-

ditional therapies for AA such as immunosuppressive ther-

apy and cell transplantation (HSC and BMSC).

Immunosuppressive therapy is reported to be associated

with partial responses, delayed responses, failure to

respond, relapses, and early deaths [15]. Stem cell trans-

plantation is used as a first-line therapy in younger patients

with related donor, but results in lesser survival rates and

increased risk of graft-versus-host disease (GVHD) in

patients with unrelated donors and older patients [13–16].
Thus, there is a need of a therapy that can improve the sur-

vival rates of older patients and does not pose the risk of

GVHD. Our hESC line could be presumed to prevent the

risk of GVHD because these cells do not have antigens on

Table 1. Blood count of the patient before, during, and at the end of human embryonic stem cell therapy.

Duration of

treatment (Date)

Initiation of treatment (23

September 2015)

After 1 week (30

September 2015)

After 1 month (21

October 2015)

After 50 days (18

January 2016)

At the end of treatment

(20 October 2016)

Hb (g%) 8.10 9.0 7.7 11.2 13.4

TLC (cells/mm3) 4100 4600 3490 3500 5400

Platelet Count

(105/mm3)

24,000 52,000 62,000 72,000 107,000

ANC (cells/mm3) 2460 1656 1221 1820 –

Hb, hemoglobin; TLC, total leukocyte count; ANC, absolute neutrophil count.
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their surface that could lead to any immune response or

rejection of the transplanted cells. In vitro studies have

reported the effect of several extrinsic factors that stimulate

the differentiation of hESCs into hematopoietic progenitor

cells. Cytokines and growth factors including vascular

endothelial growth factor (VEGF) and bone morpho-

genetic protein 4 (BMP4) are found to play a synergistic

role in the formation of early hematopoietic progenitors

derived from embryonic stem cells (ESCs) [17, 26, 27]. It

has also been established that hemangioblasts derived from

hESCs are capable of migration to the site of injury and

restore the vascular system [17]. Thus, we could hypothe-

size that hESCs in our study are also differentiated into

hematopoietic progenitor cells by these cytokines and

growth factors. No adverse event was reported in the study

patient, and no teratoma formation occurred. Our previ-

ous studies on other terminal conditions have also not

reported any serious adverse events [18–23].
We conclude that hESC therapy might serve as a

potential therapeutic option for AA. However, this is a

first patient report assessing the efficacy and safety of

hESCs on AA. The bone marrow aspiration and study is

pending. Several parameters need to be assessed before

the use of this therapy clinically, such as the effect of

therapy on patients of different ages, severity of the dis-

ease, long-term effect.
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