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Yao et al.: Changes of Bone Marrow CD235a+ Nucleated Red Blood Cell Apoptosis and Signal Pathways

This study explored the changes in bone marrow CD235a+ nucleated red blood cell apoptosis and signal 
pathways in patients with chronic mountain sickness. We collected data from 21 chronic mountain sickness 
patients and 20 non-chronic mountain sickness patients. Bone marrow mononuclear cells, flow cytometry 
is used to detect the apoptotic index of CD235a+ nucleated red blood cells and to determine the changes in 
bone marrow CD235a+ nucleated red blood cell mitochondrial membrane potential; reverse transcription 
quantitative polymerase chain reaction was used to detect CD235a+ nucleated red blood cells, apoptosis 
related gene messenger RNA expression level, western blot was used to detect CD235a+ nucleated erythrocyte 
apoptosis-related protein expression level and compared the indicators between the two groups. Here, we 
found that the apoptosis of CD235a+ nucleated red blood cells in the bone marrow of chronic mountain 
sickness patients is negatively correlated with the accumulation of red blood cells. At the same time, the 
accumulation of red blood cells is positively correlated with the level of hemoglobin. The decrease of 
CD235a+ nucleated red blood cells in messenger RNA expression levels of apoptosis pathway indicates that 
the red blood cell apoptosis of chronic mountain sickness patients is related to the change of mitochondrial 
membrane potential and the reduction of the release of nuclear red blood cell apoptotic protein will also cause 
the decrease of CD235a+ nucleated red blood cell apoptosis.

Key words: Chronic mountain sickness, CD235a+ nucleated red blood cells, apoptosis, signaling pathways, 
mitochondrial membrane potential

Chronic Mountain Sickness (CMS) is also known as 
High Altitude Polycythemia (HAPC)[1-3]. It is a clinical 
syndrome characterized by excessive red blood cell 
proliferation, a significant increase in hemoglobin 
concentration and severe hypoxemia. The most 
prominent feature of CMS is the excessive accumulation 
of peripheral red blood cells and a significant increase in 
hemoglobin levels, which are prone to occur in people 
who migrate to the plateau[4]. High altitude hypoxia is 
the main cause of CMS patients. Studies believe that 
the main reasons for the decrease of CMS blood oxygen 
partial pressure include sleep disordered breathing and 
decreased hemoglobin-oxygen affinity[5,6].

Under physiological conditions, there is a balance 
between red blood cell production and death and red 
blood cell accumulation occurs under pathological 

imbalance. Studies have shown that the increased 
proliferation of CMS red blood cells is related to the 
overexpression of hypoxia-inducible factors and the 
increase of circulating levels of Erythropoietin (EPO). 
However, there are few reports on its apoptosis at home 
and abroad[7]. Studies have shown that the apoptotic 
index of Bone Marrow Mononuclear Cells (BMMNCs) 
and cultured nucleated red blood cells in CMS patients 
decreases. It is speculated that the down-regulation 
of nucleated red blood cell apoptosis may be related 
to excessive red blood cells in CMS[8,9]. However, the 
pathway of CMS nucleated red blood cell apoptosis 
remains unclear. There are mainly two apoptosis 
signaling pathways and caspase-dependent pathways 
which are the main pathways: death receptor pathway 
and mitochondrial pathway. The death receptor pathway 
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(also known as the exogenous pathway) is initiated by 
the participation of transmembrane death receptors, Fas 
Cell Surface Death Receptor (Fas), Tumor Necrosis 
Factor Receptor (TNFR) and then binds to specific 
death ligands (Fas ligand (FasL), tumor necrosis factor 
(TNF) to produce biological responses downstream. 
Promote cell apoptosis; the apoptotic process of the 
mitochondrial pathway is the release of some factors in 
the mitochondria and then the mitochondrial Membrane 
Potential (MMP) is disintegrated. B-cell lymphoma 2 
(Bcl-2) family proteins are important regulators of the 
mitochondrial extra-membrane potential[10-12]. Bcl-2 
family proteins are divided into two categories. Among 
them, Bcl-2-associated X protein (Bax), BH3-interacting 
domain death agonist (Bid), Bcl-2 associated agonist of 
cell death (Bad), B-cell Lymphoma-extralarge (Bcl-xL) 
and Bcl-2 homologous antagonist/killer (Bak) promote 
cell apoptosis. However, caspase-3 is considered to be 
an apoptotic protein[13-15] and Myeloid cell leukemia 1 
(Mcl-1) is involved in the regulation of mitochondrial 
division and fusion[16,17].

As far as we know, there is no research report on the 
apoptosis signaling pathway of bone marrow nucleated 
red blood cells in patients with CMS. Therefore, based 
on the balance theory of cell physiology and metabolism 
and the preliminary research results of our team, this 
part of the study aims to explore the effect of apoptosis 
of nucleated red blood cells in the bone marrow on 
excessive erythrocytosis in patients with CMS and 
to evaluate the receptor pathway and receptors for 
nucleated red blood cell death in CMS patients, changes 
in mitochondrial pathway related factors.

MATERIALS AND METHODS

General information:

Research object: Inclusion criteria-The subjects of 
the study were inpatients and outpatients and health 
examiners who attended a hospital from March 2018 
to March 2020. All patients in the CMS group lived in 
areas above 2500 meters above sea level for a long time. 
They were diagnosed according to the CMS diagnostic 
criteria recommended by the International Conference 
on High Altitude Medicine and Hypoxic Physiology, 
with a CMS score of ≥5; healthy physical examiners 
and patients with simple fractures in areas with similar 
average altitudes as the control group.

Exclusion criteria-Except acute and chronic infections, 
chronic lung diseases, tumors, sleep apnea syndrome, 
immune-related diseases, polycythemia vera, 
myeloproliferative tumors, congenital heart disease 

and secondary polycythemia caused by other reasons, 
diseases and so on.

Collection of peripheral blood and bone marrow 
fluid: All study subjects collected specimens from high 
altitude areas to Xining within 1 w and collected 2 ml 
of peripheral venous blood in the early morning on an 
empty stomach for peripheral blood cytology analysis 
and at the same time, took 2 ml of arterial blood for 
blood gas analysis. For bone marrow sampling, 1-2 cm 
of the posterior superior iliac spine was selected as the 
puncture point. After disinfection, the bone marrow 
puncture needle was used to extract 0.1-0.2 ml of bone 
marrow fluid and place it on a glass slide to prepare 5-6 
smears for cell morphology observation. Then aspirate 
5-10 ml of bone marrow fluid and put them into separate 
vacuum tubes for flow detection.

Experimental materials: Ficoll lymphocyte 
separation solution was purchased from Sigma, USA; 
Glycophorin A (CD235a) antibody magnetic beads 
were purchased from Miltenyi, Germany; Anti-human 
CD235a monoclonal antibody, Annexin V/Propidium 
Iodide (PI) kit, tetraethylbenzimidazolylcarbocyanine 
iodide (JC-1), MMP detection kit, mouse anti-human 
TNFR monoclonal antibody, rabbit anti-human 
FAS monoclonal antibody, anti-human caspase-3 
monoclonal antibody, fixation/rupture kit purchased 
from Becton, Dickinson and company (BD) in the 
United States; immune anti-human Bax monoclonal 
antibody, rabbit anti-human Bcl-2 monoclonal antibody, 
Rabbit anti-human cytochrome c (cyt c) monoclonal 
antibody, isotype control antibody was purchased from 
BioLegend in the United States; Total RNA isolation 
reagent (TRizol) was purchased from Thermo Fisher 
Scientific (China) Co., Ltd.; isopropanol and absolute 
ethanol were purchased from Tianjin; agarose was 
purchased from UltraPure Company; Polymerase 
Chain Reaction (PCR) primer synthesis was purchased 
from Qiagen, Germany; reverse transcription kit was 
purchased, quantitative PCR (qPCR) and Carbonyl 
Cyanide 3-Chlorophenylhydrazone (CCCP) cell 
apoptosis inducer (50 mM) were purchased from 
Beijing.

Method:

Isolation of BMMNCs by density gradient 
centrifugation: Collect 5-10 ml of bone marrow fluid 
of the subject with an anticoagulation tube containing 
Ethylenediamine Tetraacetic Acid (EDTA); centrifuge 
the bone marrow fluid at 1500 rpm/min for 5 min at 
room temperature and discard the upper plasma; add an 
equal volume of 1× Phosphate Buffered Saline (PBS) to 
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the remaining pelleted bone marrow fluid and mix well 
for proper dilution; slowly add the above suspension 
along the tube wall to the surface of the same volume 
of Ficoll lymphocyte separation liquid, place it in a 
horizontal centrifuge at 2000 rpm/min and centrifuge 
for 20 min at room temperature; after centrifugation, the 
centrifuge tube will go from top to bottom. It is divided 
into four layers: dilution liquid layer, milky white 
mononuclear cell layer, separation liquid layer and red 
blood cell layer. Carefully pipette the mononuclear cell 
layer into another centrifuge tube, centrifuge at 1500 
rpm/min at room temperature for 5 min, discard the 
supernatant; wash the cells twice with 10 ml of 1× PBS; 
resuspend the cell pellet in 5 ml of 1× PBS. Add 10 μl 
of the above cell suspension to 990 μl of 1× PBS, mix 
well and count the cells for the next experiment.

Separate bone marrow CD235a+ nucleated red 
blood cells with immunomagnetic beads: Count 
the BMMNCs obtained by the above density gradient 
centrifugation method; centrifuge at 1500 rpm/min for 
10 min, discard the supernatant and resuspend every 
107 cells in 80 μl buffer; add 20 μl CD235a antibody 
magnetic beads to every 107 cells, incubate in the dark 
at 4 for 15 min; after the incubation, add 5 ml buffer 
solution, centrifuge at 1500 rpm/min for 10 min and 
discard the supernatant; add 500 μl buffer solution 
to every 108 cells, pipette and mix well, prepare for 
magnetic bead sorting; place the LS sorting column, 
enter the sorting magnetic field, first use 3 ml buffer 
to pass through the sorting column to make it fully wet 
for use; put the above cell suspension into the sorting 
column, after the liquid completely passes through the 
sorting column, rinse the sorting column 3 times with 
3 ml buffer respectively, discard the outflowing liquid; 
take the sorting column out of the magnetic field, add 
5 ml buffer to the column, use a piston to quickly flush 
it into a 15 ml centrifuge tube, then collected CD235a+ 
cells and parallel cell counting.

Flow cytometry detection of bone marrow CD235a+ 
nucleated red blood cell apoptosis rate: Adjust the cell 
concentration of the above BMMNCs to 1×106 cells/ml 
and take 100 μl (1×105 cells) into a flow tube; add 10 μl 
Allophycocyanin (APC) labeled CD235a monoclonal 
antibody and incubate for 15 min at room temperature 
in the dark; wash the cells with 3 ml 1× binding 
buffer solution, then add 5 μl AnnexinV-Fluorescein 
Isothiocyanate (FITC) and incubate for 15 min at room 
temperature in the dark; add 5 μl PI and incubate in 
the dark at room temperature for 5 min; add 400 μl 
1× binding buffer solution, test on the machine within 

24 h after mixing, confirm 20 000 cells BMMNCs, to 
determine the ratio of CD235a+ cell apoptosis.

Flow cytometry to detect the MMP of bone marrow 
CD235a+ nucleated red blood cells: Prepare 1× assay 
buffer and JC-1 working solution according to JC-1 
MMP detection kit; prepare 1×106/ml suspension from 
bone marrow CD235a+ nucleated erythrocytes after 
immunomagnetic bead sorting and reserve one set 
of cells induced by CCCP for 20 min was used as a 
positive control; after the induction of apoptosis, the 
above cells were centrifuged at 2000 rpm×5 min and 
the supernatant was discarded; 0.5 ml JC-1 was added 
to each Eppendorf (EP) tube to work; mix the cells and 
working solution thoroughly and then incubate them 
in a 37 water bath for 15 min; after the incubation, 
transfer the sample to a 15 ml centrifuge tube, add 2 
ml 1× assay buffer to each tube and gently pipette to 
disperse the cells completely. Centrifuge at 2000 rpm×5 
min at room temperature, discard the supernatant; add 
1 ml of 1× assay buffer to each tube and repeat the step 
that is transfer the sample to a 15 ml centrifuge tube, 
add 2 ml 1× assay buffer to each tube and gently pipette 
to disperse the cells completely; add 0.5 ml 1× assay 
buffer to each tube, shake the cells gently and test on 
the machine.

qPCR detection of bone marrow CD235a+ nucleated 
red blood cell apoptosis related gene messenger RNA 
(mRNA) expression: In qPCR reaction, the primers 
were all synthesized by Qiagen, Glyceraldehyde 
3-Phosphate Dehydrogenase (GAPDH) was used as 
the internal control and 20 μl was prepared according 
to the Tiangen super real fluorescence quantitative kit. 
Reaction system (20 μl): Complementary DNA (cDNA) 
template 2 μl, super real premix plus 10 μl, primer 
mix 0.6 μl, 6-carboxy-X-rhodamine (ROX) reference 
dye 0.4 μl, ribonuclease (RNase) free double distilled 
water (ddH2O) 7 μl; carry out the qPCR reaction as 
follows: 95 15 min; 95 10 s; 60 32 s. Optimize the 
qPCR reaction: Dilute the template cDNA to different 
concentration gradients for qPCR reaction, use this 
result to make a standard curve and then use the optimal 
cDNA concentration for the later qPCR reaction. 
Analysis of qPCR results: refer to the calculation 
formula deduced by Livak, etc., and use the relative 
quantification method to calculate the expression level 
of the target gene to accurately obtain the expression of 
the target gene in the CMS group and the control group, 
according to the CT of the sample and internal control, 
2-CT statistical data.
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Western blot detection of bone marrow CD235a+ 
nucleated red blood cell apoptosis related 
protein expression: The cells were lysed with 
Radioimmunoprecipitation Assay (RIPA) buffer to 
prepare total protein and then quantified using the 
bicinchoninic acid assay (BCA) protein kit. Then, 
the same amount of protein was separated by a 12 % 
Sodium Dodecyl Sulphate (SDS) polyacrylamide gel 
and transferred to a Polyvinylidene Fluoride (PVDF) 
membrane. The membrane was incubated with 5 % 
skim milk to block non-specific binding. Then, treat the 
membrane with the primary antibody. The concentration 
of the primary antibody is used according to the 
instructions, which is usually between 1:500-1:2000 and 
then incubate overnight. After further incubation with 
the horseradish peroxidase-labeled secondary antibody, 
the Enhanced Chemiluminescence (ECL) detection kit 
was used to display the immunoreactive bands and the 
quantitative density analysis of the protein bands was 
performed by Image J software.

Statistical methods:

Statistical Package For The Social Sciences (SPSS) 25.0 
statistical software was used for analysis. The data were 
all measurement data. All experimental data are tested 
for normality and they are all normally distributed. The 
results are expressed as mean±standard deviation (x±s). 
The independent sample t test is used for comparison 
between the two groups. The correlation analysis 
between indicators adopts linear correlation analysis. 
Inspection level α=0.05.

RESULTS AND DISCUSSION

The subjects of the study were 21 CMS patients and 20 
controls. The two groups had no significant differences 
in age, height and Body Mass Index (BMI). Compared 

with the control group, the hemoglobin and hematocrit 
of the CMS group were significantly increased (p<0.01), 
while the blood arterial oxygen saturation (SaO2) was 
significantly decreased (p<0.01). The CMS score of 
CMS patients was 8-17 points. The general information 
of the two groups of research subjects is shown in Table 
1.

Flow cytometry determined the apoptotic rate of bone 
marrow erythrocytes in 21 CMS patients and 20 controls 
(fig. 1). The apoptotic rate of CMS bone marrow 
CD235a+ nucleated erythrocytes was (5.41±2.11) % 
and the control group was (7.25±2.24) %, the difference 
between the two groups was statistically significant 
(t=2.18, p<0.05).

Changes in the MMP of bone marrow CD235a+ 
nucleated red blood cells were determined. Flow 
cytometry measured 21 cases of CMS patients and 20 
cases of control bone marrow CD235a+ nucleated red 
blood cell MMP (fig. 2). The CMS group bone marrow 
CD235a+ nucleated red blood cell JC-1 staining green 
fluorescence ratio was (3.43±1.88) % and the control 
group was (5.25±3.26) %, the difference between the 
two groups was statistically significant (t=2.36, p<0.05).

The mRNA expression levels of apoptosis pathway 
related genes in 21 cases of CMS patients and 20 cases 
of control bone marrow nucleated erythrocytes were 
determined by qPCR technology. The results showed 
that there was no significant difference between the 
CMS group and the control group in the expression of 
CD235a+ nucleated erythrocyte cyt c mRNA (p>0.05). 
The level of Bax mRNA in CD235a+ nucleated red 
blood cells in the CMS group was lower than that in the 
control group, while caspase-3, Mcl-1, Bcl-2 and Bcl-
xl were higher than those in the control group (p<0.05) 
(Table 2 and fig. 3).

TABLE 1: GENERAL CLINICAL CHARACTERISTICS OF THE STUDY SUBJECTS

Variable Control group (n=21) CMS group (n=20) Statistical value p

Age (y) 41.73±5.78 41.60±4.56 t=-0.89 0.93 

Height (cm) 169.95±5.70 170.86±4.85 t=1.13 0.26 

BMI (kg/m2) 23.86±3.98 23.98±3.37 t=0.11 0.92 

Hemoglobin (g/l) 145.79±9.52 216.06±10.87 t=21.91 0.00 

Hematocrit (%) 40.64±2.12 65.23±2.72 t=32.17 0.00 

Red blood cell count 
(1012/l) 4.68±0.37 6.37±0.35 t=15.36 0.00 

Saturation (%) 93.17±2.06 82.65±1.52 t=-18.62 0.00 

CMS integration 2 (0-4) 11 (8-16) t=-12.83 0.00 
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TABLE 2: RELATIVE mRNA LEVELS OF APOPTOSIS RELATED GENES IN BONE MARROW CD235a+ 
ERYTHROBLASTS OF CMS GROUP AND CONTROL GROUP

Grouping Quantity
mRNA

Cyt c Caspase-3 Mcl-1 Bcl-2 Bax Bcl-xl

CMS group 21 1.19±0.18 1.51±0.41 1.83±0.52 1.57±0.36 0.88±0.23 1.68±0.43

Control group 20 1.11±0.16 1.03±0.48 1.22±0.59 1.12±0.42 1.21±0.39 0.52±0.18

t -0.68 6.03 5.44 4.24 -6.67 15.74

p 0.50 0.00 0.00 0.00 0.00 0.00

Fig. 1: Determination of the apoptosis rate of CD235a+ erythroblasts in bone marrow of CMS group and 
control group by flow cytometry

Fig. 2: Determination of MMP of CD235a+ erythroblasts in CMS group and control group by flow cytometry
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In order to confirm that the reduction of CMS bone 
marrow nucleated red blood cell apoptosis in the 
above qPCR experiment is related to the expression 
changes of mitochondrial pathway-related genes, 
western blot technology was used to detect and 
quantitatively analyze CD235a+ cells stained with the 
corresponding antibodies. The results showed that the 
protein level of cyt c in bone marrow CD235a+ cells 

was not significantly different between the two groups 
(p>0.05), while the protein level of Bax in the CMS 
group was significantly lower than that in the control 
group (p<0.05), caspase-3, Mcl-1. The protein levels of 
Bcl-2 and Bcl-xl were significantly higher than those 
of the control group (p<0.05) and the expression levels 
of apoptosis-related proteins were consistent with their 
mRNA expression levels (Table 3 and fig. 4).

Fig. 3: Relative mRNA levels of apoptosis-related genes in bone marrow CD235a+ erythroblasts of CMS group 
and control group (*p<0.05)

Fig. 4: Expression levels of apoptosis-related proteins in bone marrow CD235a+ erythroblasts of CMS group and 
control group (*p<0.05)
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The body’s cell metabolism is in a dynamic equilibrium 
state. When the red blood cells of CMS patients are 
excessively increased, it is the result of the imbalance 
of red blood cell production and death. So how about 
the death of erythroid cells in CMS patients? Generally 
speaking, while erythroid proliferation is enhanced, if 
apoptosis is up-regulated, it will delay or reduce the 
occurrence and development of CMS; if apoptosis is 
down-regulated, it will have a certain promoting effect 
in the occurrence and development of CMS. But so far, 
there are few in-depth research reports on the apoptosis 
of CMS bone marrow erythroid nucleated cells and 
its mechanism at home and abroad. In this study, flow 
cytometry was used to directly measure the apoptosis 
of bone marrow CD235a+ erythroid erythrocytes in 
CMS patients. The study found that the apoptosis rate 
of bone marrow CD235a+ erythroid nucleated cells 
in CMS patients was lower than that in the control 
group, suggesting that the apoptosis of bone marrow 
erythroid cells in CMS patients was reduced. There is 
an imbalance between birth and death. Studies have 
shown that the mitochondrial pathway is an important 
mechanism for down-regulation of erythroid precursor 
cell apoptosis in patients with CMS, including caspase-
dependent and caspase-independent pathways[18-21]. In 
this study, the expression of molecules related to the 
caspase-dependent apoptosis pathway in bone marrow 
CD235a+ nucleated erythrocytes of CMS patients was 
systematically investigated. The results showed that the 
protein level of cyt c in bone marrow CD235a+ cells 
was not significantly different between the two groups 
(p>0.05), while the protein level of Bax in the CMS 
group was significantly lower than that in the control 
group (p<0.05), caspase-3, Mcl-1. The protein levels of 
Bcl-2 and Bcl-xl were significantly higher than those 
of the control group (p<0.05) and the expression levels 
of apoptosis-related mRNA were consistent with the 
expression levels of related proteins. At the same time, 
the MMP of bone marrow CD235a+ nucleated red blood 
cells of CMS patients is higher than that of the control 
group. These studies indicate that the mitochondrial 

pathway plays a very important role in the pathogenesis 
of down-regulation of bone marrow nucleated red blood 
cell apoptosis in CMS patients. Studies have shown that 
changes in MMP play an important role in the process 
of apoptosis[22]. When the mitochondria receives the 
apoptosis signal and then releases the pro-apoptotic 
factors, the MMP continues to decrease, indicating that 
the cell has undergone apoptosis[23]. The results of this 
study suggest that bone marrow CD235a+ nucleated 
red blood cell apoptosis in CMS patients is related to 
changes in MMP and the release of apoptotic proteins.

Priti Azad and other studies also found that the 
expression of the anti-apoptotic gene Bcl-xl was 
significantly increased in patients with CMS[24]. At 
present, there are few domestic and foreign studies on 
the mechanism of apoptosis of nucleated red blood cells 
in the bone marrow of CMS patients. In this study, the 
expression of anti-apoptotic proteins Bcl-2 and Mcl-1 
increased, indicating that the hypoxic state of the body 
will also increase at the same time. The hypoxia of the 
bone marrow hematopoietic microenvironment has also 
shown that Hypoxia-Inducible Factor 1-alpha (HIF-
1α) is also involved in cell apoptosis in the hypoxic 
environment[25,26]. Studies have also shown that HIF-1α 
inhibits apoptosis by reducing the expression of Bax[27,28]. 
In addition, studies have shown that EPO activates 
Signal Transducer And Activator Of Transcription 5 
(STAT5), Phosphatidylinositol 3-Kinase (PI3K)/protein 
kinase B (Akt) and other pathways through Janus 
Kinase 2 (JAK2), thereby reducing cell apoptosis[29,30]. 
Therefore, the changes in some molecules of the Bcl-2 
family of CD235a+ nucleated red blood cells in CMS 
patients may also be related to the increase of EPO. 
This study also has inadequacies and fails to clarify the 
molecular mechanism and signaling pathways of the 
effects of hypoxia on bone marrow nucleated red blood 
cells and even other cells.

In this study, CMS patients and healthy people in the 
same altitude area were used as the research objects to 
study the apoptosis of bone marrow nucleated red blood 

TABLE 3: EXPRESSION LEVELS OF APOPTOSIS RELATED PROTEINS IN BONE MARROW CD235a+ 
ERYTHROBLASTS OF CMS GROUP AND CONTROL GROUP

Grouping Quantity
Protein

Cyt c Caspase-3 Mcl-1 Bcl-2 Bax Bcl-xl

CMS Group 21 17.87±5.01 5.01±1.82 12.44±5.27 12.66±5.63 7.92±4.36 16.68±6.93

Control group 20 19.26±5.93 3.39±1.62 6.93±4.25 7.30±4.07 13.81±5.13 8.09±3.76

t -0.65 2.68 7.09 5.35 -7.78 8.42

p 0.52 0.01 0.00 0.00 0.00 0.00
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cells and the changes of factors related to the apoptosis 
pathway in CMS patients. Studies have shown that the 
proliferation of bone marrow nucleated erythrocytes in 
CMS patients is enhanced and apoptosis is decreased 
and both have a certain correlation with Hemoglobin 
(Hb) level. There is a synergistic effect between the two. 
At the same time, the expression of Bax in bone marrow 
nucleated erythrocytes of CMS patient’s decreases and 
the expressions of Bcl-2, Bcl-xl and Mcl-1 are elevated, 
indicating that the mitochondrial pathway is one of the 
important mechanisms for the down-regulation of CMS 
nucleated red blood cell apoptosis.
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