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Abstract

Eupalinilide E was assessed for ex-vivo expansion activity on hematopoietic stem cells (HSCs) 

from human cord blood (CB) CD34+ cells in serum-free, SCF, TPO and FL stimulated 7 day 

cultures. Eupalinilide E ex-vivo enhanced phenotyped (p) HSCs and glycolysis of CD34+ cells 

isolated 7 days after culture as measured by extracellular acidification rate, but did not alone show 

enhanced NSG engrafting capability of HSCs as determined by chimerism and numbers of SCID 

Repopulating cells, a quantitative measure of functional human HSCs. This is another example of 

pHSCs not necessarily recapitulating functional activity of these cells. Lack of effect on engrafting 

HSCs may be due to a number of possibilities, including down regulation of CXCR4 or of the 
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homing capacity of these treated cells. However, Eupalinilide did act in an additive to synergistic 

fashion with UM171 to enhance ex vivo expansion of both pHSCs, and functionally engrafting 

HSCs. While reasons for the disconnect between pHSC and function of HSCs with Eupalinilide E 

alone cultured CB CD34+ cells is yet to be determined, the data suggest possible future use of 

Eupalinilide and UM171 together to enhance ex vivo production of CB HSCs for clinical 

hematopoietic cell transplantation.
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Introduction

Hematopoietic stem (HSCs) and progenitor (HPCs) cells and the process of hematopoiesis, 

in which mature blood cells are produced from HSCs and HPCs, are regulated by 

biologically active molecules such as cytokines/chemokines, and microenvironmental and 

accessory cells and their products [1–3]. Many of these biological molecules manifest their 

positive, negative and additive/synergistic effects through receptor-mediated intracellular 

signaling events [1]. Some of the biologically active molecules and the cells that they act on 

have been used to good advantage to enhance treatment of malignant and non-malignant 

disorders. However, there are other natural and synthesized agents that have been used to 

good advantage in combination with recombinant cytokines/chemokines to enhance in vitro, 

ex-vivo, and in vivo cellular functions, especially in context of ex vivo expansion of HSCs 

[4–18].

An active area of hematological studies is the enhancement of ex-vivo expansion of HSCs/

HPCs for both pre-clinical [4–18] and clinical use [9, 19–21]. There are currently three 

sources of cells that have been used for clinical transplantation. This includes bone marrow 

(BM), cytokine and/or other reagent induced mobilized peripheral blood (mPB), and 

umbilical cord blood (CB) obtained at the birth of a baby. CB, which has pros and cons for 

its use, and which has been used to treat over 35,000 patients with malignant and non-

malignant disorders, has a limitation in numbers of HSCs and HPCs collected in a single CB 

unit [4,5]. This may in part be responsible for the delayed time to neutrophil, platelet and 

immune cell recovery compared to that of BM and mPB. Hence, there have been a number 

of preclinical studies to expand numbers of CB HSC and HPC ex vivo, some such as SR1, 

UM171, and nicotinamide which are currently in clinical trials [19–21]. None of the ex vivo 
procedures work well, if at all, without addition of cytokines such as stem cell factor (SCF), 

thrombopoietin (TPO), and Flt3-ligand (FL) during the ex vivo culture period. Hence, the 

need to add the reagent of choice with SCF, TPO, and FL during the ex vivo culture period. 

Use of serum free cultures and a short time of cell culture has benefits for potential use of 

the derived cells for clinical applicability.

In a collaborative effort, we assessed the effectiveness of Eupalinilide E to enhance the 7 day 

ex vivo expansion of human CB HSCs using serum-free culture medium in the presence of 

SCF, TPO and FL. Eupalinilide E was originally isolated from Eupatorium lindleyanum, a 
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plant which was shown to have use as an antibacterial and antihistamine, with selective 

antiproliferative activity against an established lung cancer cell line with a KRAS mutation 

[22]. Eupalinilide E was synthetically produced [22] and promoted an increase in cytokine 

stimulated phenotypically-defined human CB CD34+ cells and HPCs (assessed through in 

vitro colony assays) [22–25]. However, none of these studies demonstrated whether or not 

HSCs were actually expanded. We used very rigorously-defined phenotypes of HSCs and 

multi-potent progenitor (MPP cells), and engraftment studies of input HSCs and 7 day ex-
vivo output cultures in sublethally-irradiated NSG immune deficient mice to assess human 

cell chimerism, and limiting dilution analysis of input and 7 day ex vivo cultured output to 

calculate SCID Repopulating Cells (SRC, a quantitative measure of numbers of functionally 

active human HSCs). Our results show that Eupalinalide at appropriate concentrations 

enhanced cytokine stimulated- ex vivo expansion of phenotyped HSCs induced by 

Eupalinalide E, with increased glycolysis noted in CD34+ cells isolated after 7 days. While 

showing no enhanced engrafting capacity after ex vivo culture, Eupalinilide E acted in an 

additive to synergistic fashion when combined with UM171 for numbers of phenotyped and 

functionally engrafting HSCs in NSG mice.

Materials and Methods

Mice.—6–8 weeks old NSG (NOD.Cg-PrkdcscidIL2rgtm1Wjl/SzJ) mice were supplied by the 

In Vivo Therapeutics Core of the Indiana University School of Medicine (IUSM; supported 

in part by DK U54 106846; NIDDK Cooperative Centers of Excellence in Hematology), and 

maintained in the Laboratory Animal Resource Center (LARC) at IUSM. All experimental 

protocols were approved by The Institutional Animal Care and Use Committee of IUSM.

Eupalinilide E was synthesized starting from (R)-carvone as previously described [22].

Isolation of human CB CD34+ cells and in vitro cell culture

Normal human cord blood samples were obtained from Cord:Use Cord Blood Bank 

(Orlando, FL, USA). Mononuclear cells were isolated by density-gradient centrifugation 

over Ficoll-Paque Plus (GE Healthcare, Piscataway, NJ, USA). CD34+ cells were enriched 

with immunomagnetic selection kit (Miltenyi Biotec, Auburn, CA, USA) following 

manufacturer’s instructions. Freshly isolated CD34+ cells were seeded at the density of 

50,000 cells/mL into 24‐well plates with 1 mL serum‐free medium (StemSpan™ SFEM II, 

STEMCELL Technologies Inc, Vancouver, BC, Canada), which was supplemented with 100 

ng/mL SCF (#7466-SC-010/CF, R&D Systems, Minneapolis, MN, USA), 100 ng/mL TPO 

(#288-TP-200/CF, R&D Systems), 100 ng/mL FL (#710802, BioLegend, San Diego, CA, 

USA) with a vehicle control, Eupalinilide E, UM171 (35nM) (#72914, STEMCELL 

Technologies Inc) alone, or in combination for 7 days. Eupalinilide E doses of 0.6, 1, 1.2, 

and 2.4 μM were tested. UM171 was used for possible additive/synergistic effects. Dimethyl 

sulfoxide (DMSO) (#D2650, Sigma-Aldrich, St. Louis, MO, USA) was used as vehicle 

control. Cells were cultured at 37°C in a humidified atmosphere containing lowered (5%) O2 

and 5% CO2.
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Immunostaining and Flow cytometry.—Immunostaining and flow cytometry analysis 

were performed as previously described. Cells were counted on day 7 and collected by 

centrifugation at 300 g for 10 min, washed twice with cold PBS, and resuspended in 200 μL 

of PBS. Cells were stained at 4°C for 30 minutes with the following fluorescence conjugated 

antibodies: anti-Lineage cocktail (Lin)-FITC, anti-CD34-APC (581), anti-CD38-PE (HIT2), 

anti-CD45RA-PE-CF594 (HI100), anti-CD90-PE-Cy7 (5E10), anti-CD49f-PerCP-Cy5.5 

(GoH3), anti-CD45-APC (HI30), anti-CD3-FITC (UCHT1), anti-CD19-PE (HIB19) and 

anti-CD33-PE-Cy7 (WM53). All the antibodies were purchased from BD Bioscience (San 

Jose, CA, USA). Cells were washed with cold PBS and cell pellets were fixed with 1% 

formaldehyde. Samples were analyzed on an LSR4 flow cytometer (BD Biosciences). By 

flow analysis, we can determine the frequencies and numbers of CD34+ cells, CD34+CD38− 

cells, pHSCs (Lin−CD34+CD38−CD45RA−CD49f+CD90+) and pMPPs (Lin
−CD34+CD38−CD45RA−CD49f−CD90−).

In vivo transplantation.—The progeny cells of 50,000 CD34+ CB cells before ex-vivo 
culture and after being treated with vehicle, Eupalinilide E, UM171 or Eupalinilide E plus 

UM171 for 7 days were intravenously transplanted into sublethally irradiated NSG recipient 

mice (350 cGy; 137Cs source, single dose). Four months after transplantation, recipient mice 

were sacrificed and the percentage of human CD45+, CD33+, CD19+ and CD3+ cells in the 

bone marrow was assessed by immunostaining and flow cytometry studies.

Limiting dilution analysis.—The frequency of human SCID repopulating cells (SRCs) 

was determined by limiting dilution analysis (LDA) as previously reported [17,26–30]. 

Increasing doses of uncultured, vehicle, Eupalinilide E, UM171 or Eupalinilide E plus 

UM171 treated CD34+ cells (500, 2,500 or 10,000 cells) were intravenously injected into 

sublethally irradiated NSG recipient mice (350 cGy; 137Cs source, single dose). The 

percentage of human CD45+ cell chimerism was analyzed by immuno-staining and flow 

cytometry 4 months after transplantation. Based on our immuno-staining and flow cytometry 

analysis, we found that negative control samples sometimes show 0.1~0.3 % human CD45+ 

cells. To exclude non-specific staining, mice were considered positive when at least 1% 

CD45+ human cells were detected among the mouse BM cells, unless otherwise indicated. 

SRCs was calculated using L-Calc software (Stem Cell Technologies Inc, Vancouver, BC, 

Canada) and plotted using ELDA software (bioinf.wehi.edu.au/software/elda/).

Seahorse extracellular flux assay.—The extracellular acidification rate (ECAR) or 

oxygen consumption rate (OCR) of human CB CD34+ cells was determined using a 

Seahorse XF Extracellular Flux Analyzer (Agilent Technologies) [30]. XF Calibrant buffer 

200 μL (#100840–000, Seahorse Bioscience) was added into the wells of a Seahorse 

Bioscience 96-well utility plate, and then the plate was incubated at 37℃ overnight. The cell 

culture plate (#101085–004, Seahorse Bioscience) was coated with Cell-Tak cell and tissue 

adhesive solution (#354241, CORNING, NY, USA) at room temperature for one hour. Ex 
vivo expanded CB CD34+ cells were purified using human CD34 MicroBead Kit (Miltenyi 

Biotec, Auburn, CA, USA), cells were resuspended with assay medium, and cell number 

was determined using a hemacytometer. 100,000 purified CD34+ cells per well were plated 

into cell culture plates. The plates were centrifuged at 1,000 g for 10 min. Glucose (#G8644, 
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Sigma-Aldrich), oligomycin (#75351, Sigma-Aldrich), 2-DG (#D8375, Sigma-Aldrich) 

medium or oligomycin, FCCP (#C2920, Sigma-Aldrich), rotenone (#R8875, Sigma-Aldrich) 

medium was sequentially added into the wells of a utility plate for ECAR or OCR analysis. 

The utility plate with the loaded sensor cartridge was placed on the instrument tray for 

calibration. When prompted, replace the calibration plate with the cell culture microplate 

then click “Start” to evaluate ECAR or OCR of CB CD34+ cells.

Statistical analysis.—Statistical comparisons were performed using the Student t-tests or 

one‐way analysis of variance (ANOVA). Two-tailed Students t-tests were performed for 

statistical analysis between two groups. One-way analysis of variance (ANOVA) was used to 

compare differences in means between more than two groups where indicated. Results are 

expressed as mean values ± standard deviation (SD). A P value less than 0.05 was 

considered as statistically significant (e.g., *p<0.05, **p<0.01, #p<0.05, ##p<0.01).

Results and Discussion

While there are a number of ex vivo HSC/HPC expansion studies reported in a preclinical 

situation [4–18] and a few now reported for clinical transplantation for CB HCT [9, 19–21], 

it is not at all clear which, if any of these procedures will be of wide-use nationally and 

internationally in context of CB HCT, or for BM HCT in cases where there are limited 

numbers of BM cells collected. We were intrigued by a few studies that reported that 

Eupalinalide E, originally isolated from the plan Euratorium lindleyanum, and then 

synthesized might have a capacity for some ex vivo expansion of CB HPCs [22–25]. While 

these reports mentioned effects on CB HSCs, this was based on an imprecise phenotypic 

description of HSCs, mainly using CD34 as a marker, when HSCs are a rare population 

within CD34+ cell populations. Moreover, no functional activity of the in vivo engrafting 

capacity of these human cells were undertaken in immune deficient mice. Thus, in a 

collaborative effort between groups, we assessed the capability of Eupalinalide E to ex vivo 
expand rigorously defined phenotypic and NSG mouse engrafting capability of human CB 

HSCs in a serum free cytokine (SCF, TPO, FL) stimulated culture system by comparing 

absolute numbers of input (Day 0) vs. output (Day 7 cultured) CB cells.

Effects on phenotyped HSC and HPC cells.

The experimental procedure was diagrammed in Fig. 1A for input vs. output of CD34+ (Fig. 

1B), CD34+CD38− (more enriched populations for HSCs; Fig. 1C), rigorously phenotyped 

(p) HSCs (Fig. 1D) and multipotential progenitor (pMPPs) cells (Fig. 1E). The combination 

of SCT, TPO, and FL significantly enhanced ex vivo expansion output compared to Day 0 

input cells, and this increase was significantly enhanced by 0.6uM-1uM Eupalinilide E, for 

CD34+ and CD34+CD38− cells, by 0.6uM-2.4uM for pHSCs and by 0.6uM-1.2uM for 

pMPPs. UM171 is a potent ex vivo HSC expansion reagent [14] being tested in clinical trials 

[21], so we assessed the effects of Eupalinilide E and UM171, each alone and in 

combination on the ex-vivo expansion (diagrammatically represented in Fig. 2A) of CD34+ 

CB cells for effects on CD34+ cells (Fig. 2B), CD34+CD38− cells (Fig. 2C), pHSCs (Fig. 

2D), and pMPPs (Fig. 2E). Eupalinilide E and UM1717, each alone significantly enhanced 
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these phenotyped immature cell populations (Fig. 2B–E). Of interest, the combination of 

these two reagents had an additive effect on expanding the pHSC population (Fig. 2D).

Effects on NSG engrafting human CB CD34+ cells.

HSC phenotype does not always recapitulate their functional engrafting capability [29,31], 

so as diagrammed in Fig. 3A, we assessed the NSG engrafting capability of cells from SCF, 

TPO, and FL ex vivo cultures set up in the presence of Eupalinilide E and UM171 alone and 

in combination. A sample flow analysis of human CD45 engraftment is shown in Fig. 3B. 

The combination of the two had synergistic effects on engraftment in BM of primary 

sublethally-irradiated NSG mice at month 4 of engraftment (Fig. 3C; by using a two-way 

analysis of variance (ANOVA) in SAS version 9.4, the combined Eupalinilide E and UM171 

effects on percentage of human CD45 chimerism produced a statistically significant positive 

interaction effect, which suggested a synergistic rather than an additive effect) and on the % 

of myeloid cells (Fig. 3D), T-cells (Fig. 3E) and B-cells (Fig. 3F) 4 months after in vivo 
engraftment, but with no apparent effects on the resultant myeloid/lymphoid ratio (Fig. 3G). 

Limiting dilution analysis of donor cell populations allows one to calculate out numbers of 

SRCs (a quantitative measure of engrafted human HSCs) [17,27–30]. The numbers of SRCs 

were significantly enhanced by UM171, and the combination of UM171 plus Eupalinilide E 

resulted in additive to synergistic increases in ex vivo expansion of SRCs.

However, Eupalinilide by itself, while having significant enhancing effects on pHSCs (Fig. 

1D and 2D), did not show expansion of functional engrafting HSCs (Fig. 3C, H, and I). This 

thus provides another example to that of phenotyped HSCs not recapitulating their 

functional engrafting capabilities [29,31]. The reason for this phenotype/functional 

assessment disconnect is not at present known, although it could possibly reflect changes in 

the homing capability of the ex vivo cultured cells exposed to Eupalinilide E alone, effects 

that will have to be determined in future experiments.

Metabolic analysis of Eupalinilide E effects on ex vivo cultured human CB CD34+ cells.

To gain mechanistic insight into how Eupalinilide E promotes ex vivo expansion of 

phenotyped HSCs, we assessed the metabolic effects of Eupalinilide E, UM171, and the 

combination of Eupalinilide and UM171 on cultured cells, using a Seahorse extracellular 

flux assay to measure extracellular acidification rate (ECAR; Fig. 4A and C) and oxygen 

consumption rate (OCR; Fig. 4B). Eupalinilide E demonstrated increased ECAR (Fig. 4A 

and C), with no effect on OCR (Fig. 4B) on isolated CB CD34+ cells cultured after 7 days 

compared to vehicle control cultured cells (all cultures containing SCF, TPO, and FL). 

While further mechanistic insight into the actions of Eupalinilide E are needed, this suggests 

that Eupalinilide E enhances glycolysis without compromising mitochondrial metabolism. 

UM171 alone had no effect on ECAR and the combination of Eupalinilide E plus UM171 

was similar to that of Eupalinilide E alone.
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Highlights

• Ex vivo expansion of HSCs has potential clinical applicability

• Eupalinilide E enhances ex vivo expansion of phenotypic cord blood (CB) 

HSCs.

• Eupalinilide E increases CB CD34+ cells.

• Eupalinilide E and UM171 additively/synergistically enhance HSC 

expansion.
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Figure 1. Dose-response effect of Eupalinilide E on ex vivo expansion of cytokine stimulated 
human phenotyped CB HSCs and HPCs.
(A) Experimental strategy for evaluating the dose-response effect of Eupalinilide E on 

human CB HSCs and HPCs ex-vivo expansion. Frequencies of CD34+, CD34+CD38−, 

phenotypic (p) HSCs (Lin−CD34+CD38−CD45RA−CD49f+CD90+), and MPPs (Lin
−CD34+CD38−CD45RA−CD49f−CD90−) were determined. (B-E) 50,000 CB CD34+ cells 

per well, were put into suspension culture at day 0, and input (Day 0) and output (Day 7) 

numbers calculated by total cell number counting, immunostaining and flow cytometry 

analysis. Data were pooled from 4 independent experiments and shown as mean ± standard 

deviation (SD) (n=triplicates per experiment). One-way analysis of variance (ANOVA). 

Significance, * p ＜ 0.05, ** p ＜ 0.01.

Zhang et al. Page 10

Blood Cells Mol Dis. Author manuscript; available in PMC 2021 March 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Cytokine stimulated ex-vivo expansion of human CB CD34+ cells cultured with 
Eupalinilide E, UM171, each alone or in combination.
(A) Schematic illustration of human CB CD34+ cell ex vivo expansion. (B-E) Quantification 

data of ex-vivo expansion of CB CD34+ cells, CD34+CD38− cells, pHSCs, and pMPPs in 

presence of vehicle, Eupalinilide E, UM171, alone or in combination for 7 days. Data were 

pooled from three independent experiments, shown as mean ± SD (triplicates per 

experiment). One-way ANOVA. N.S., not significant; Significance: * p ＜ 0.05, ** p ＜
0.01; Hash mark indicates statistically significant decrease, # p ＜ 0.05, ## p ＜ 0.01.

Zhang et al. Page 11

Blood Cells Mol Dis. Author manuscript; available in PMC 2021 March 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Engraftment of cytokine stimulated human CB CD34+ cells cultured with Eupalinilide 
E, UM171, alone or in combination, in sublethally irradiated NSG mice.
Schematic representation of NSG mice transplanted with progeny of 50,000 vehicle-, 

Eupalinilide E-, UM171- or Eupalinilide E plus UM171-treated human CB CD34+ cells. 

Human engraftment in BM of NSG mice was analyzed 4 months after transplantation. (B) 

Representative FACS plots (from n=4 independent experiments) showing percentage 

engraftment of vehicle-, Eupalinilide E-, UM171- or Eupalinilide E plus UM171-treated 

human CB CD34+ cells in the BM of recipient NSG mice. BM cells from mice that did not 

undergo transplantation were used as the negative control. (C) The percentage of human 

CD45+ cells in BM at 4 months after transplantation of NSG mice with the progeny of 

50,000 CB CD34+ cells that were treated with vehicle, Eupalinilide E, UM171, alone or in 

combination for 7 days (n= 4 mice per group). One-way ANOVA. * p ＜ 0.05, ** p ＜ 0.01. 
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(D) Myeloid cell (CD33+), (E) T cell (CD3+) and (F) B cell (CD19+) chimerism in NSG 

mice bone marrow 4 months after transplantation (n=4 mice per group). One-way ANOVA. 

* p ＜ 0.05, ** p ＜ 0.01. (G) Donor Myeloid/Lymphoid (M/L) ratio in BM of NSG 

recipient mice 4 months after transplantation with progeny of CB CD34+ cells cultured with 

vehicle, Eupalinilide E, UM171, alone or in combination for 7 days (n= 4 mice per group). 

One-way ANOVA. N.S., not significant. Plot (H) and quantification (I) of frequency of 

human SRCs in uncultured CB CD34+ cells (black line; group A) or in progeny of an 

equivalent number of CD34+ cells treated with vehicle (red line; group B), Eupalinilide E 

(green line; group C), UM171 (dark blue line; group D) or Eupalinilide E plus UM171 (light 

blue line; group E) for 7 days. Graded doses of uncultured or of vehicle-, Eupalinilide E-, 

UM171- or Eupalinilide E plus UM171-treated CB CD34+ cells were transplanted into 

irradiated NSG mice, and the percentage of human CD45+ cells in BM was analyzed at 4 

months after transplantation (n=4 mice per group). Poisson statistical analysis of data is 

shown in Tables 1 and Table 2. The percentage of mice that show negative engraftment for 

each dose of cells is plotted. Solid lines represent the best-fit linear model for each group, 

dotted lines indicate 95% confidence intervals. (I) HSC frequencies (line in the box) and 

95% confidence intervals (box) presented as numbers of SRCs in 1×106 CD34+ cells. N.S., 

not significant; * p ＜ 0.05, ** p ＜ 0.01; by Poisson distribution analysis.
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Figure 4. Culture of human CB CD34+ cells with Eupalinilide E for 7 days switches on glycolysis.
(A) ECAR measurements in purified CB CD34+ cells following a 7 day culture with vehicle 

or Eupalinilide E (1 μM). Data pooled from three independent experiments are shown as 

mean ± SD. Two-tailed Student’s t-test. ** indicates p<0.01. Oligomycin is an inhibitor of 

ATP synthase. 2-DG, 2-deoxyglucose. (B) OCR measurements in purified CB CD34+ cells 

following a 7 day culture with vehicle or Eupalinilide E. Carbonyl cyanide p-

trifluoromethoxyphenylhydrazone (FCCP) is a potent mitochondrial oxidative 

phosphorylation uncoupler; rotenone is an inhibitor of mitochondrial respiratory chain 

complex I. Representative data from three independent experiments are shown as mean ± 

SD. (C) ECAR measurements in purified CB CD34+ cells following a 7-d culture with 

vehicle, Eupalinilide E, UM171 (35 nM), alone or in combination. Data pooled from three 

independent experiments are shown as mean ± SD. One-way ANOVA. ** indicates p<0.01 

versus vehicle group.

Zhang et al. Page 14

Blood Cells Mol Dis. Author manuscript; available in PMC 2021 March 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zhang et al. Page 15

Table 1A.

Determination of SRC frequency determined by limiting dilution assay in NSG mice.

Culture conditions Cell transplanted
Number of mice with >1% human 

cell chimerism/total number of 
mice

Day 0 Uncultured

500 0/3

2500 0/3

10000 ¾

Number of CD34+ cells at 
starting Number of CD34+ cells at transplanted

Vehicle control

500 1.9×104±1.8×103 0/4

2500 8.9×104±9.1×103 ¼

10000 3.6×105±3.6×104 2/4

Eupalinilide E

500 1.5×104±2.8×103 1/3

2500 7.7×104±1.4×104 0/4

10000 3.1×105±5.6×104 ¾

UM171

500 1.3×104±1.1×103 ¼

2500 6.3×104±5.4×103 2/4

10000 2.5×105±2.2×104 3/3

Eupalinilide E +UM171

500 9.0×103±0.3×103 ¾

2500 4.5×104±1.7×103 4/4

10000 1.8×105±6.9×103 4/4

*
Calculations (Table 1A) were from input (Day 0) CB CD34+ cells, and from output (Day 7) of cytokine stimulated cultures in presence of vehicle 

control, Eupalinilide E, UM171, and Eupalinilide E plus UM171.
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Table 1B.

SRC frequency for input (Day 0) vs. output (7 day cultured) cells.

Culture conditions SRC 
frequency

95% confidence 
interval

Number of SRC 
in 1×106 CD34+ 

starting cells

SRC frequency in 
total number of cells 

transplanted

95% confidence 
interval of cells 

transplanted

Day 0 Uncultured 1/10555 1/32471–1/3431 95 1/10555 1/32471–1/3431

Vehicle control 1/13152 1/41826–1/4135 76 1/499776 1/1493188–1/147620

Eupalinilide E 1/8329 1/23114–1/3001 120 1/249870 1/709190–1/91958

UM171 1/2701 1/7229–1/1009 370 1/70226 1/182171–1/25427

Eupalinilide E 
+UM171 1/357 1/1166–1/109 2801 1/6426 1/21044–1/1967

*
Calculations (Table 1B) were from input (Day 0) CB CD34+ cells, and from output (Day 7) of cytokine stimulated cultures in presence of vehicle 

control, Eupalinilide E, UM171, and Eupalinilide E plus UM171. SRC frequency was calculated by Poission statistics from the data provided in 
Table 1A using L-Calc and ELDA software.
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