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Background
The number of CD34+ cells in a peripheral blood stem cell collection is the key factor
in predicting successful treatment of hematologic malignancies. Korean Red Ginseng
(KRG) (Panax ginseng C.A. Meyer) is the most popular medicinal herb in Korea. The objective of this study was to determine the effect of KRG on hematopoietic colony
formation.
Methods
Bone marrow (BM) samples were obtained from 8 human donors after acquiring informed
consent. BM mononuclear cells (MNCs) were isolated, and CD34+ cells were sorted using magnetic beads. The sorted CD34+ cells were incubated with or without total extract
of KRG (50 μg/mL, 100 μg/mL) or Ginsenoside Rg1 (100 μg/mL), and the hematopoietic
colony assay was performed using methylcellulose semisolid medium. The CD34+ cell
counts were measured by a single platform assay using flow cytometry.
Results
The numbers of human BM-MNCs and CD34+ cells obtained after purification were vari7
7
4
4
able among donors (5.6×10 and 1.3‒48×10 and 8.9×10 and 1.8‒80×10 , respectively). The cells expanded 1,944 times after incubation for 12 d. Total extract of KRG
added to the hematopoietic stem cell (HSC)-specific medium increased CD34+ cell
counts 3.6 times compared to 2.6 times when using HSC medium alone. Total numbers
of hematopoietic colonies in KRG medium were more than those observed in conventional medium, especially that of erythroid colonies such as burst forming unit-erythroid.
Conclusion
Total extract of KRG facilitated CD34+ cell expansion and hematopoietic colony formation, especially of the erythroid lineage.
Key Words Korea traditional medicine, Ginseng, Hematopoietic colony-forming unit,
CD34 antigen

INTRODUCTION
Autologous or allogeneic peripheral blood stem cell transplantation (PBSCT) is the treatment of choice for hematologic
malignancies such as acute myelogenous leukemia, acute
lymphoblastic leukemia, malignant lymphoma, and multiple
myeloma [1]. The number of CD34+ cells in the collected
peripheral blood stem cells (PBSC) from patients or allogeneous donors is a key factor for predicting successful treatment [2, 3]. Chemotherapeutic agents, which are mandatory

for patients with hematologic malignancies before PBSC collection, might affect CD34+ cell counts [4-6].
In Korea, Panax notoginseng saponin (PNS), derived from
Panax ginseng C.A. Meyer, includes fresh ginseng, white
ginseng, and red ginseng. Among them, Korean red ginseng
(KRG) is one of the most popular herbal medicines in Korea.
The unique components of KRG are 20(S)-ginsenoside Rg3;
ginsenoside Rh2, Rs1, or Rs2; Rs3, Rs4, and Rg5 plus notoginsenosied-R4 in the protopanaxadiol group; and
20(S)-ginsenoside Rg2, 20(S)-ginsenoside-Rh1, and ginsenoside Rh4 and F4 in the protopanaxatriol group [7]. Although
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controversial, it is believed that PNS has antioxidant, anti-apoptotic, and anti-inflammatory properties [8].
Most studies investigating the medicinal properties of PNS
have used a separate component of PNS such as Rg1, Rg2,
or Rb1 to examine the anti-inflammatory or anti-apoptotic
effects [9-11]. There have been a few reports about the proliferative effect of PNS on hematopoietic progenitors in traditional Chinese medicine. PNS may play a role in upregulation
of gene expression related to the proliferation of hematopoietic
cells by increasing the nuclear transcription factor of the
glucocorticoid receptor synthesis and its DNA binding activity
[12]. It has been reported that total saponin of Panax ginseng
(TSPG) may promote in vitro development of erythroid-lineage cells from purified CD34+ hematopoietic stem/progenitor
cells (HSC) derived from the human umbilical cord [13]. TSPG
in combination with hematopoietic growth factors promotes
the erythroid and granulocytic differentiation of CD34+ cells
from human bone marrow (BM) ex vivo [14].
The objective of this study was to find the effect of total
extract of KRG on human BM CD34+ cell proliferation and
hematopoietic colony formation.

MATERIALS AND METHODS
Isolation of hematopoietic stem cells from human bone marrow aspirates
BM aspirates were obtained from the remnant samples
of 8 patients who underwent BM studies for diagnosis after
acquiring informed consent. The protocol for this study was
approved by the Institutional Review Board of Catholic
University hospital of Daegu. Isolation of BM mononuclear
cells (MNCs) was performed by following a previously described method [15]. Briefly, 4–6 mL of BM aspirate was
mixed with 20 mL of Dulbecco’s phosphate-buffered saline
(DPBS, Gibco BRL Life technologies, Grand Island, NY).
The mixture was resuspended and gently layered onto
Ficoll-Hypaque (density, 1.073 g/mL; Gibco BRL Life technologies) and centrifuged at 900 g for 10 min at room
temperature. The low-density MNC fraction was collected,
combined with 25 mL DPBS, and centrifuged. Two samples
were contaminated during cell culture and were therefore
excluded from the study.

MACS isolation of CD34+ cells
Cells were resuspended in HSC culture medium (10%
fetal bovine serum in Dulbecco’s Modified Eagle’s medium
containing 4.5 g/L glucose (IMDM) with antibiotic/antimycotic supplements (Gibco BRL Life technologies)) and
plated at 1×107 cells/100 mm in a culture dish for 90 min.
The non-attached cells were then incubated with microbead-conjugated anti-CD34 monoclonal antibody at 4oC for
20 min and processed through a MiniMACS magnetic separation column (Miltenyi Biotec, GmbH, Bergisch Gladbach,
Germany) to obtain the CD34+ cell fraction. After separation,
the CD34+ cell count measured by flow cytometry and cell
counts determined by the counter were compared. The reBlood Res 2014;49:177-81.

covery rate was approximately 100%. This check for the
recovery rate was performed only for one sample.

Single platform analysis for CD34+ cells
The CD34+ cell preparations isolated by MACS were analyzed by flow cytometry (Cytomics FC 500, Beckmann
Coulter, Fullerton, CA) using the single platform CD34 assay
kit (Stem-KitTM, Beckman Coulter) to measure the direct
counts of CD34+ cells.
The analysis of cell preparations by flow cytometry was
carried out using monoclonal antibodies conjugated with
fluorescein isothiocyanate (FITC) or phycoerythrine (PE):
CD34-PE, CD45-FITC, and isotype-matched controls (Immunotech, Marseille, France). Then, 100 μL of the sample was
incubated with the monoclonal antibodies at room temperature in a dark chamber for 20 min. More than 100,000 events
were acquired and analyzed by CXP software (Beckman
Coulter) [16, 17]. With advanced digital compensation of
Cytomics FC 500 (Beckman Coulter), samples could be used
for automated color compensation. For manual compensation,
users can adjust the slide bars to change the compensation.

Effect of Korean Red Ginseng on CD34+ cell culture
The isolated CD34+ cells (5×105) were incubated in IMDM
medium, which included HSC-specific medium, H3000
(Stemcell Technology, Vancouver, Canada), StemSpan CC100
(Stemcell Technology), 10% FBS, penicillin/ streptomycin,
and L-glutamine, at 37oC in an atmosphere containing 5%
CO2 for 12 days. To compare the expansion ratios, the CD34+
cells from one donor were divided into 3 groups. The CD34+
cells (5×105) were incubated in 3 types of media (HSC-specific
medium alone, HSC+100 μg/mL of total extract of KRG
(Korean ginseng company, Daejeon, Korea), and 100 μg/mL
of total extract of KRG alone for 48 hr), and the number
of CD34+ cells was analyzed after liquid culture for 48 hr
to determine the effect of media on cell expansion.

Hematopoietic colony forming assay
To determine the effect of total extract of KRG on hematopoietic colony formation in vitro, colony forming assays
were performed using methylcellulose semisolid medium.
The expanded CD34+ cells (final concentration: 500 cells
per well) were mixed with semisolid medium (MethoCult,
Stemcell Technology). Then, the cell-medium mixture was
incubated in a 24-well plate for 14 days in medium containing
2% FBS, 50 μg/mL of total extract of KRG, and 100 μg/mL
of Ginsenoside Rg1 (Sigma, St. Louise, MO) at 37oC in an
atmosphere containing 5% CO2 and 95% humidity. The hematopoietic colonies with more than 50 cells per group were
counted under a microscope [18].

RESULTS
The percentage of CD34+ cells in human bone marrow mononuclear cells
The numbers of BM MNCs from 6 donors were variable
bloodresearch.or.kr
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(5.6×107, 1.3–48×107, N=6). The numbers of CD34+ cells
measured by the single platform flow cytometric method
after MACS isolation were also variable among donors
(8.9×104, 1.8–80×104, N=5). Therefore, CD34+ cells were
0.19% of total MNCs in the human BM.

Expansion of CD34+ cells in vitro was variable among donors
The cells were incubated with HSC-specific medium
(StemSpan+antimicrobials, L-glutamine, cocktail 100×, IMDM,
FBS) for 12 days, and the expansion of CD34+ cells was
40 to 1,944 times the number of CD34+ cells at the beginning
of incubation (Table 1).

Korean red ginseng added to hematopoietic stem cell specific
medium facilitated CD34+ cell expansion
The CD34+ cells (N=1) incubated for 48 hr in medium
with 100 μg/mL of total extract of KRG were expanded
to 360% (1.8×106). Cells in HSC-specific medium alone were
expanded to 255% (1.275×106) and cells in KRG alone expanded to 135% (Fig. 1). Data were normalized to the cell
count in media without ginseng extract or Rg1 (100%).

100 μg/mL Rg1, and conventional medium (Fig. 2). There
were more erythroid colonies, burst forming unit-erythroid
(BFU-E) and colony forming unit-erythroid (CFU-E), than
hematopoietic colonies, colony forming unit-megakaryocyte
(CFU-M), colony forming unit-granulocyte-macrophage
(CFU-GM), and colony forming unit-granulocyte (CFU-G).
The number of CFU-M colonies was the same in medium
with or without KRG. The number of CFU-GM and CFU-G
colonies was lower in KRG medium (Fig. 3). Rg1 increased
the number of CFU-GM and CFU-G colonies, whereas total
extract of KRG increased the number of erythroid colonies.

DISCUSSION
The objective of this study was to determine the effect
of total extract of KRG on human BM HSCs. The pure extract

Total extract of Korean Red Ginseng facilitated erythroid colony formation in vitro
The HSC colonies from 3 BM samples were counted after
14 days of semisolid medium incubation. The total HSC
colony numbers were higher in medium with 50 μg/mL
KRG when compared to medium with 100 μg/mL KRG,

Table 1. CD34+ cell expansion numbers.
Immediately after MACS
5

2.0×10
5
1.5×10
4
6.0×10
4
1.8×10

After 12 d of incubation Fold increase
6

7.6×10
7
4.9×10
7
2.3×10
7
3.5×10

40
550
375
1,944

Fig. 1. Total extract of Korean red ginseng added to hematopoietic stem
cell-specific medium facilitated CD34+ cell expansion. Abbreviations:
KRG, Korean Red Ginseng; HSC, hematopoietic stem cell.

Fig. 2. CFU-E colony formation in the presence of Korean red ginseng (A) and in the absence of Korean red ginseng (B).
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Fig. 3. Korean red ginseng extract facilitated hematopoietic colony
forming ability.

of KRG is a highly valued traditional medicine in Korea.
The results showed that 50 μg/mL of total extract of KRG
increased the number of CD34+ cells when it was added
to HSC-specific medium, and it facilitated BFU-E and CFU-E
formation, as shown by the methylcellulose assay. Compared
to the conventional medium, Rg1, a component of KRG,
did not increase the formation of hematopoietic colonies;
however, it increased CFU-E, CFU-GM, and CFU-G colony
formation. The number of isolated MNCs varied among
donors. The number of CD34+ cells after in vitro expansion
was also variable among donors. The expansion ratio range
was 40 to 1,944.
CD34 is a marker of HSCs. The CD34+ cell count is a
very important indicator when collecting stem cells for
PBSCT in a clinical laboratory [1, 2]. Therefore, obtaining
the exact count of CD34+ cells is mandatory. We used the
single platform assay to measure the direct counts of CD34+
cells in the sample. Many groups use the dual platform assay,
which initially measures the percentage of CD34+ cells and
then calculates the number based on a total cell count. We
used the single platform assay to provide more direct and
accurate CD34+ cell counts.
Total extract of KRG facilitated the formation of erythroid
colonies (BFU-E and CFU-E) in our experiment. The results
were in accordance with those of a recent report that TSPG
promotes the erythroid differentiation of human CD34+ cells
via the EpoR-mediated JAK2/STAT5 signaling pathway [13],
although there was no difference in EpoR mRNA expression
by the cells in this study. The increased erythroid colony
formation demonstrates that expanded CD34+ cells may be
committed to the erythroid lineage.
There were different results obtained using Ginsenoside
Rg1 and total extract of KRG. Rg1 increased the numbers
of CFU-GM and CFU-G colonies, whereas total extract of
KRG increased the numbers of BFU-E and CFU-E colonies.
This reflected the results of a previous study, which demonstrated that Rg1 may have hematopoietic growth factor-like
Blood Res 2014;49:177-81.
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efficacy based on its ability to upregulate gene expression
of the nuclear transcription factor of the glucocorticoid receptor in hematopoietic cells [12]. Therefore, it is necessary
to study further the different effects of each component
of KRG on hematopoietic progenitors.
There was a dose-dependent effect of total extract of KRG
on hematopoietic cells. While 50 μg/mL of KRG increased
the CD34+ cell counts, 100 μg/mL of KRG did not increase
the CD34+ cell counts. Additionally, in the hematopoietic
colony assay, 50 μg/mL of KRG facilitated erythroid colony
formation, whereas 100 μg/mL of KRG did not.
A limitation of this study was that the sample size was
not large enough. The donors were also not healthy. We
used the remnant samples from patients who underwent
BM studies to diagnose their hematologic abnormalities.
Therefore, it is necessary to perform a study with more
samples, including those from a normal healthy population.
Taken together, 50 μg/mL of total extract of KRG facilitated
an increase in HSC counts and colony-forming ability, especially of the erythroid lineage. Supplementation with total
extract of KRG may provide a potential method of increasing
CD34+ cell numbers and enhancing the clinical engraftment
for autologous or allogeneic PBSCs in patients with hematologic malignancies.
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