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The action of erythropoietin will determined the red cell production. We know there are other regulatory 
factors, including molecules interact with cells, chemical, irradiation, it’s in the bone marrow (BM). Most 
chemotherapy drugs are toxic to cancer cells and normal healthy hematopoietic cells. Hemoglobin and red 
blood cell levels drop in cancer patients treated with chemotherapy. Geniposide can reduce the adverse 
radiation damage of bloosd tissue after high dose irradiation.We found that geniposide can recovery the 
red blood count after chemotherapy medications (5-Fluorouracil, 5-FU) treatment mice. The mechanism 
of action of genistein on erythrocyte production is not clear. This study suggests that Geniposide promotes 
red blood cell production. We demonstrated that genistein did not affect the erythrocyte differentiation of 
mouse CD34+ cells. Then, we tested the geniposide indirectly affecting BM accessory cells. We conclude 
that geniposide maybe will control the erythropoiesis in vivo and reverse the BM microenvironmental 
signals, and this could provide an idea to attenuate anemia in chemotherapy.

INTRODUCTION

There are lot of the chemotherapy medications used 
for cancer patients. During the chemotherapy, the 

chemotherapy medications are toxic to cancer cells. At the 
same time, they are hurting the healthy cells. It will be the 
serious chemotherapy side effects. There are several kinds 
of blood cell related chemotherapy side effects, including: 
anemia, neutropenia, thrombocytopenia (Carmeliet, 2005; 
Chen et al., 2010; Chen et al., 2017; Folkman, 2007). Pirker 
et al. reported that hemoglobin and red blood cell level 
will decline in cancer patients receiving chemotherapy 
(Chen et al, 2016). Fluorouracil, also known as 5-FU, acts 
as a  thymidylate synthase (TS) inhibitor, chemotherapy 
drugs are used to treat different types of cancer (Henry, 
2006). Shan et al. (2017) suggested that 5-FU anti-tumor 
effects through suppression of Akt signaling. 

Geniposide, that is the appearance of brown to 
white crystalline powder, is from the madder plants 
gardenia dry and mature fruit extracted from a ring 
iridoid glycosides compounds. There are several papers 
introduced that geniposide has the protective effect on 
liver injury. Also, geniposide has the anti-inflammatory 
and other pharmacological effects (Lazar-Karsten et 
al., 2011). Shan et al. (2017) proved that geniposide has 
the ability to decrease undesirable radiation damage to
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the hematologic tissue after high dose irradiation (Longley 
et al., 2003). In our study, we found that geniposide can 
recovery the red blood count and hemoglobin level after 
the mice treatment by 5-FU. But the exact mechanisms by 
geniposide affect erythropoiesis remain unclear. 

Vascular endothelial growth factor (VEGF) signaling 
pathway is crucial to human physiologic functions, and it 
is more important in conditions of cancer (Ma et al., 2009; 
Meng, 2013). Gardenia jasminoides could increase the 
VEGF mRNA and protein expressions. We know that 5-FU 
anti-tumor effects through suppression of Akt signaling 
pathway (Shan et al., 2017), and the VEGF in the Akt/
VEGF signaling pathway plays an important role (Pirker 
et al., 2013). Since geniposide binds VEGF, a putative red 
blood cell regulator, the experiment used a combination of 
geniposide and 5-fu.

Although the geniposide can recovery the red blood 
count and hemoglobin level after the mice treatment by 
5-FU, we don’t know the mechanism, yet. The geniposide 
can’t increase the erythropoiesis directly. These findings 
suggest that this may be a more complex action by 
geniposide glycosides affecting erythrocyte production in 
the body. To understand these results, we tested the effect 
of geniposide on erythropoiesis in mice in vitro and in vivo.

MATERIALS AND METHODS

Cell cultures
From adult mouse bone marrow (BM), mouse 

peripheral blood (PB) CD34+ cells, we generate the 
erythroid cells by using a two-step liquid culture system. 
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Mouse CD34+ cells were purchased from Shanghai Suer 
Biological Technology Co., Ltd. To culture the cells using 
for hematopoietic colony assay, thawing the tube, CD34+ 
cells were cultured in 10% FBS Iscove modified Dulbecco 
culture medium (IMDM) for 24 h, and then IMDM cells 
were replaced with 1% penicillin/streptomycin (P/S).1% 
L-Glutamine, 20 mmol/L β-mercaptoethanol (β-ME), 1% 
bovine serum albumin (BSA) and 30% BIT 9500 without 
passage.

 
Analyses of mice

Non-pathogenic SD mice aged 11 weeks were 
used, and the experimental procedures were provided 
by vita river experimental animal technology co., LTD. 
(Beijing, China, Animal license No.: SCXK Beijing 2016-
0006.Animal Experimental Ethical Inspection Form of 
Changchun University of Chinese Medicine, Approval 
No.: 20180001). Animals were housed in laboratory 
facilities with a temperature range of 21.0 to 25.0°C, 
relative humidity of 40.0 to 70.0%, changes the air at least 
15 times per hour, and 12 hours light / dark cycle. Four 
mice were placed in a cage and given a fixed formula 
pellet diet and filtered tap water.

After one week of acclimatization, the mice were 
randomly classified into 3 groups, with 4 mice in each 
group. Phosphate-buffered saline (PBS) solution dissolved 
150 mg/kg of 5-FU (Shandong Hualu Pharmaceutical 
Co., Ltd.), PBS solution dissolved 100 μg/mL Geniposide 
(China Pharmaceutical and Biological Products). The mice 
were examined in a cohort of control group (n=4), 5-FU 
group (n=4), and 5-FU + geniposide group (n=4) mice. 
The control group are the 11-week-old male mice without 
injection; 5-FU group: 5-fluorouracil (150 mg/kg) was 
injected intravenously into 11-week-old male mice for 
15 days, once a day. The 5-Fu+ geniposide group was 
injected geniposide (100 μg/mL) intravenously every 
day (0.5 mL) for 7 days, then given geniposide and 
(0.2 mL) of 5-Fu (150 mg/kg) for 15 days at the same 
time once a day. Peripheral blood (PB) was collected 
from mice with postorbital hemorrhage, and smear was 
stained with May-Giemsa, and Hemavet System 950FS 
was performed. 

After 15 days, blood was taken, the mice were 
euthanized, and the body was dissected. The organs 
were examined by colony analysis and FACS. For the 
histopathology analyses, we harvested the femurs and 
fixed in formaldehyde, after the decalcified, then do the 
paraffin embedded. Except for the step of decalcification 
spleens were treated same process. Sections were cut at 
4.5 μm, and stained with H and E.

 Hematopoietic colony assay
Metho Cult system (Stem Cell Technologies) was 

used to detect the burst unit erythrocytes (BFU-Es) and 
cultured for 15 days before counting under an inverted 
microscope.

Flow cytometric analysis 
Erythrocyte analysis was performed with CD71 and 

Ter119 staining of spleen or BM single-cell suspension 
(BD Bioscience), and then washed with PBS/2% FBS. In 
the analysis of lineage-Sca-1+c-Kit+ (LSK) and progenitor 
population (lineage-Sca-1-c-Kit+, LK) analysis, in the 
subsequent FACS analysis, nucleated BM cells were 
stained with CD71 and Ter119 to remove red blood cells. 
The cells were further stained with Fc RII/III, CD34, Sca-1 
and c-Kit antibodies (BD Biosciences). In order to analyze 
LSK subsets, lineage-depleted (lineage-failure) cells were 
isolated using the lineage cell depletion kit (Miltenyi 
Biotec), then stained with Sca-1 (Biolegend), c-Kit, CD34 
and Flt3 (eBioscience), and then stained with FACS. 
Using CyAnADPanalyzer (Beckman Coulter) to analyze 
flow cytometry. Flow Jo Version 10.4.1 (Tree Star) was 
used to analyze the data.

Western blot analysis 
Cells or organs were lysed with pyrolysis liquid on 

the ice for 30 min. The lysate was centrifuged at 12000 
xg for 10 min at 4 oC. The supernatant was collected 
and the protein concentration was determined by BCA 
protein kit (Beyotime, Jiangsu, China). SDS-PAGE was 
used to separate all the protein extracts from the tested 
samples and transfered to the PVDF membrane (0.22 μm, 
Millipore, MA, USA). After blocking for 1 hour with 5% 
skimmed milk, the PVDF membrane was incubated at 4°C 
with primary antibodies overnight (PI3K 1:1000, p-PI3K 
1:1000, Akt 1:1000, p-Akt 1:1000, and GAPDH 1:8000). 
All antibodies were obtained from Cellular Signaling 
Technologies (Danvers, MA, USA). The blot was rinsed 
with Tris buffer saline containing 0.1% TBST three times. 
ten minutes each time. Membranes were incubated with 
horseradish peroxidase (HRP)-conjugated secondary 
antibodies (Cell Signaling Technology, Danvers, MA, 
USA) at room temperature for 1  h. After washing with 
TBST again, immunoreactivity of the membrane was 
determined by electrochemical luminescence system 
(ECL) (Thermo Fisher Scientific, MA, USA). The protein 
band density was measured using ImageJ (NIH image 
software) and normalized to the relevant controls.

Reagents
5-FU was purchased from Shandong Hualu 

Pharmaceutical Co., Ltd. Geniposide was purchased from 
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China Pharmaceutical and Biological Products. Geniposide 
was detected at different concentrations of 5-1,000mg/mL.

Statistical analysis 
One-way analysis of variance and Bonferroni post 

hoc tests was used to compare groups. GraphPad Prism 5.0 
(GraphPad Software, Inc., La Jolla, CA, USA) was used to 
analyze all the data and images. P<0.05 was considered to 
indicate a statistically significant difference.

RESULTS

Genistein has effect on erythrocyte differentiation of 
CD34+ cells 

To detect the effects of geniposide on CD34+ cells, 
the standard methylcellulose cultures were setup. The 
cultures containing stem cell factor (SCF), erythropoietin 
(EPO), and Il-3 in the serum-free conditions.  

Figure 1A shows the BFU-E colony number formed 
from BM assay, or PB derived CD34+ cells at 50 and 100 
μmol/mL with or without geniposide (control). The results 
showed no significant difference between the two groups. 
The size and morphologic appearance of the BFU-E 
colonies were not affected by geniposide treatment. 

We evaluated CD34+ cells in a two-step liquid culture 
system to elucidate the effect of geniposide on the ability 
of CD34+ cells to produce erythrocytes (Pronk et al., 
2007). CD34+ (N=1.25 105) cells were cultured for 7 days 
in serum-free medium of EPO and SCF. The expression of 
CD71(transport receptor) and Ter 119 in the resulting cells 
was then analyzed by flow cytometry. We counted control 
cells and genistein treated cells and found that the number 
of living cells was similar (e.g., 4.2 ± 1.9 × 105 in control 
group vs. 4.6 ± 1.3 × 105 cells in geniposide treated group). 

This indicated that geniposide has no effect on the 
proliferation capacity of CD34+ cells. The ratio of CD71+ 
/ Ter119+ cells was erythrocyte generating cells, and we 
found that there were 100 μg/mL of geniposide in the 
group compared with the control group (e.g., 71.62 ± 
11.2% in geniposide group vs. 69.34 ± 5.7% in untreated 
group; p = 0.4194; Fig. 1B). Our results led us to wonder 
whether genistein treatment might affect the maturation of 
red blood cells in culture. CD34+cells were cultured for 7 
days with or without 100 mg/mL geniposide in serum-free 
medium and cultured for 7 days. From the results shown in 
Figure 1C, we concluded that geniposide treatment did not 
affect end-stage erythrocyte differentiation, since similar 
number of Ter119 cells were generated with or without  
geniposide. These findings demonstrate that in vitro, 
geniposide does not affect the erythropoiesis directly.

Effect of CM from geniposide–treated BM cells on 
erythropoiesis

The hematologic parameters were examined in a 
cohort of control group (n=4), 5-FU group (n=4), and 
5-FU + geniposide group (n=4) mice. The control groups 
are the 11-week-old male mice without injection. 5-FU 
group: 5-Fluorouracil (150 mg/kg) injected intravenously 
into 11-week-old male mice for 3, 7, 9, 12 and 15 days. 
5-FU + geniposide group: firstly, geniposide was injected 
for 7 days and 3 days, respectively, then 5-FU (150 mg/kg) 
was injected intravenously into 11-week-old male mice for 
3 days, 7 days; after that we injected geniposide (100 μg/
mL) intravenously for 9 days, 12 days and 15 days (Fig. 
2A). At each time point, blood was drawn from the tail 
vein of the mice and an automatic blood count (Hemavet 
System 950FS) was done (Walenda et al., 2010).

The control group had no difference in red blood cell 
count and hemoglobin levels from day 0 to day 15. The 
5-FU group, the red blood cell counts and hemoglobin 
levels significantly decreased from day 3 to day 15. But 
in the 5-FU + geniposide group, we can see that when 
we inject 5-FU, the number of red blood cells and the 
hemoglobin level decrease (Day 3, 5, 9) and the levels 
were recovered when we injected the geniposide (Day 
12 and 15) (Fig. 2B). After 15 days, flow cytometric 
analyses were performed with spleen and BM cell 
preparations were made to characterize the cell surface 
epitopes on three groups. The BM and spleen contained 
predominant proportions of erythroblasts at various stages 
(CD71hiTer119low, R1, proerythroblasts; Ter119hiCD71hi, 
R2, basophilic erythroblast; Ter119hiCD71med, R3, late 
basophilic and polychromatophilic erythroblast and 
Ter119hi CD71low, R4, orthochromatophilic erythroblast; 
Fig. 3A, B).

To examine if the HSC/HPC cell population were 
altered in these 5-FU group mice or 5-FU + geniposide 
group mice, BM cells were subject to flow cytometric 
analysis with HSC/HPC cell markers as described 
previously (Rodgers et al., 2008). The proportion of 
LK cell population was 12.42 ± 5.3% and the LSK cell 
population was 2.25 ± 1.8% in the 5-FU group mice or 
5-FU + geniposide group mice (LK was 26.69 ± 5.9% and 
LSK was 2.91 ± 2.2%) compared with control group mice 
(LK was 28.34 ± 7.2% and LSK was 2.39 ± 2.1%) (Fig. 
3C, D).

Histology examination of H and E stained BM, 
spleen sections of control group, 5-FU group, and 5-FU + 
Geniposide group mice (Fig. 3E, F). It can be seen that in 
BM, the 5-FU group had fewer nuclei of blood cells, and 
the number of cells was reduced, but the number of cells 
recovered after the drug was given. In spleen, 5-FU cells 
undergo fission, and the cells recover after the drug was given.

Geniposide can Rescue the Anemia Caused by 5-Fu 1025
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Fig. 1. Bar chart for the geniposide effects on erythroid differentiation. (A), BFU-E colonies assayed quantification from BM 
and PB derived CD34+ cells after 14 days incubation, CD34+ cells cultured in a methylcellulose-based culture supplemeted with 
SCF, EPO, and IL-3, including control group (absence Geniposide) or experiment group (pesence of Geniposide , 50 and 100 ug/
ml); (B), flow cytometric analyses of cells expression CD71 and Ter119 generated from BM derived CD34+ cells incubated for 7 
days in serum-free liquid culture system (IMDM-based media with SCF and EPO) in the control group (absence Geniposide) or 
experiment group (presence of Geniposide, 100ug/mL); (C), flow cytometry histograms of Ter119 expression of erythroid culture 
after 14 days in liquid culture in the control group (absence Geniposide) or experiment group (presence of Geniposide, 100ug/mL).

Fig. 2. Evaluation of geniposide condition in mice. (A), schematic representation of the mouse experient design for different time 
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point including control group, 5-Fu treatment group and 5-Fu + Geniposide group; (B, C), parameters of PB were summarized 
from control group, 5-Fu treatment group and 5-Fu + Geniposide group mice: RBC count (B) and Hb (C).

Fig. 3. Evaluation of erythroid cells, LSK / LK cells in 
mouse BM and spleen. (A), flow cytometry analysis 
erythroid cells population of BM and spleen cells of 
representative in control group, 5-Fu treatment group 
and 5-Fu + Geniposide group mice; (B), quantitation 
of the percent of erythroid cells in total BM cells of 
each group mice; (C), flow cytometric analysis of LSK 
and LK compartments in BM of control group, 5-Fu 
treatment group and 5-Fu + Geniposide group mice; (D), 
quantitation of the percent of LSK, LK, CMP, GMP, and 
MEP cells in total BM cells of each group mice; (E), spleen 
size compare for including control group, 5-Fu treatment 
group and 5-Fu + Geniposide group; (F), H&E staining of 
paraffin-embedded sections of BM and spleen for control 
group, 5-Fu treatment group and 5-Fu + Geniposide group.

Effects of geniposide on the protein level of bone mar-
row (BM), and spleen

To further understand the effect of geniposide on 
erythropoiesis, BM protein expression was performed. 
Anti-PI3K, PI3K Phosphorylation antibody (p-PI3K), 
anti-Akt, Akt phosphorylation antibody (p-Akt) were 
used to check whether 5-FU up-regulates the expression 
of Akt phosphorylation (Phosph-Akt) in PB and spleen of 
different mouse, control and expermintal groups. We also 

compared the PI3K and p-PI3K expression in different 
group (Fig. 4). At present, it is not clear whether these 
molecules are red blood cell production regulators, but 
their expression levels can be significantly affected by 
geniposide.

Fig. 4. Effects of geniposide after treatment with 5-Fu. 
Western blot assay showed in the BM that, the p-Akt 
expressions had lower expressions in 5-Fu treatment group 
compared with control group. The low expressions rescued 
by add Geniposide in 5-Fu + Geniposide group. In spleen, 
there is no significant difference.

DISCUSSION

We know that EPO regulates erythropoiesis, and other 
regulatory factors including cytokines, soluble factors, 
cell-cell interactions, and cell-extracellular matrix in bone 
marrow microenvironment also play a regulatory role in 
erythrocyte development. 

Chemotherapy medications 5-FU affects through 
suppression of Akt signaling (Shan et al., 2017)  and at the 
same time, the red blood cell count and hemoglobin levels 
are decreased. However, from the mouse experiment, we 
observed geniposide will rescue the decrease. 

It may have an important stimulating effect on 
erythropoiesis. Based on the existing study, we found that 
in vitro erythrocyte differentiation of CD34+ cells was not 
directly affected by geniposide (Fig. 1). We hypothesize 
that geniposide would be active in vivo, possibly because 
of the presence of unknown cells or soluble factors in the 
bone marrow microenvironment. We investigated several 
possibilities that BM cells might be responsible for the 
effect of geniposide on erythropoiesis as an unknown 
mediator. We applied 5-FU to inhibit the ability of CD34+ 
cells to produce CD71 / Ter119 cells. This reduced effect 
on erythrocyte differentiation is also associated with the 
protection of proliferation and maintenance of CD34+ cell 
phenotypes. The ability of CD34+ cells to maintain the 
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protohematopoietic cell phenotype and reduced erythrocyte 
differentiation has been reported also by others (Wang et 
al., 2017; Zhang et al., 2017). These results suggest that 
except for the increased signals, the decreased signals also 
are the very important regulators for erythropoiesis within 
the bone marrow microenvironment.

Flow cytometric analysis of bone marrow and spleen 
cells by the erythroid marker CD71/Ter119, we found that 
CD71/Ter119 expression decreased in 5-FU treatment 
group compared with control group. The addition of 
geniposide (5-FU + geniposide group) reversed this 
reaction. At the same time, we found that the progenitor 
cell population (Lin- c-Kit+) decreased in 5-FU group 
BM, compared with the control group. The population 
is increased in 5-FU + geniposide group. This indicate 
that the geniposide works in both bone marrow cells and 
somatic cells, and geniposide influences bone marrow 
progenitor cells. 

5-FU has a variety of effects, but mainly as a 
thymidine synthase (TS) inhibitor, it blocks the synthesis 
of pyrimidine thymidine, a nucleoside necessary for 
DNA replication (Longley et al., 2003). But we also 
know that 5-FU anti-tumor effects through suppression 
of Akt signaling (Zhang et al., 2017). Western blotting 
results show decreased phospho-Akt expression in the 
bone marrow cells of 5-FU group, but the phospho-Akt 
expression was recovered in the 5-FU + geniposide group. 
The results reveal that 5-FU suppresses the phospho-Akt, 
and geniposide rescues this reaction in vivo (Fig. 5).

Fig. 5. The hypothesis schematic representation of the 
potential mechanisms underlying geniposide effects on 
cell survival. 

CONCLUSIONS

Collectively, our results demonstrate that geniposide 
does not affect in vitro erythroid differentiation, but it 
will rescue phospho-Akt expression that is suppressed by 

5-FU in vivo, thus subsequently leading to cell survival. 
This response occurs during the progenitor cell stage of 
the bone marrow and continues to affect the production 
of red blood cells. This may be a new potential drug for 
the treatment of anemia caused by using the chemotherapy 
drugs.
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