
THE EGYPTIAN JOURNAL OF IMMUNOLOGY  Vol. 21 (1), 2014 
  Page: 67-77 

Detection of CD34/CXCR4
+
 Stem Cells in Peripheral 

Blood of Patients Following Acute Myocardial 
Infarction 

1Khaled Omar Abdallah, 1Rasha Mamdouh Saleh, 1Laila Abd Al-Aala 
Al-Shawarby, 1Hanaa Ahmed Amer, 2Sara Mostafa 
1Clinical Pathology Department, Faculty of Medicine, Ain Shams University and 
2National Heart Institute, Cairo, Egypt. 

Bone marrow harbors a population of tissue-committed stem cells that are CD34+/CXCR4+. These potential 
cardiac progenitors which express cardiac and endothelial markers may contribute to cardiac regeneration. 
The ability of injured myocardium to recruit extracardiac stem cells after injury would be beneficial to aid in 
myocardial repair and regeneration. The aim of this study was to answer the question whether acute 
myocardial infarction (AMI) related stress may trigger the increase of CD34/CXCR4+ stem cells number in 
peripheral blood in response to myocardial ischemic injury which  might be accompanied with increased 
release of this population of stem cells in peripheral blood as well as to correlate this phenomenon with 
other clinical and laboratory parameters such as diabetes, chest pain, smoking, streptokinase administration 
and elevated cardiac enzymes. The study was conducted on 25 newly diagnosed AMI patients who attended 
the emergency department of National Heart Institute. They were compared to a control group of 25 
apparently healthy sex and age matched individuals. The percentage of CD34+ cells as well as percentage of 
cells coexpressing CD34/CXCR4

+
 and their expression intensity were assessed by Flowcytometery. These 

parameters were correlated to other laboratory and clinical data. The absolute CD34
+
 as well as the 

CD34/CXCR4
+
cell counts were significantly higher in patients upon admission in comparison to control 

group (P<0.01). While CD34 expression was significantly higher in patients compared to control group, 
CXCR4 expression on CD34

+
 cells was significantly lower in patients than control group (P< 0.05). Diabetes, 

duration of chest pain and streptokinase administration had no significant effect on CD34/CXCR4
+
 number or 

the expression intensity of both markers (p>0.05). Otherwise, CXCR4 intensity was lower in non-smoker than 
smoker patients (P < 0.05). Patients admitted with normal cardiac enzymes, including Creatine Kinase (CK) 
and Creatine Kinase MB fraction (CK-MB) activity, showed no significant difference in CD34/CXCR4

+
 number 

or the expression intensity of CD34 marker in comparison to those admitted with high levels of enzymes 
(P>0.05). However, the expression intensity of CXCR4 was significantly low in patients admitted with 
elevated cardiac enzymes (P < 0.05). In conclusion, there is a pool of CD34/CXCR4

+
 stem cells circulating in 

large number in peripheral blood of AMI patients post infarction together with low CXCR4 expression on 
these cells which are likely to contribute to myocardial repair following the acute ischemic injury. 

odern reperfusion strategies and 

advances in pharmacological 

management have resulted in an 

increased proportion of AMI survivors at 

heightened risk of developing left ventricular 

remodeling and heart failure (Murata et al., 

2010). 

Heart failure results from injury to the 

myocardium from a variety of causes, 

including ischemic and non ischemic 

etiologies. Severe heart failure carries a 50% 

5-year mortality rate and is responsible for 

more than one-third of cardiovascular deaths 

in the United States (Rosamond et al., 2007). 

Heart failure progression is accompanied by 

activation of neurohormonal and cytokine 

systems as well as a series of adaptive 

changes within the myocardium, collectively 

referred to as left ventricular remodeling. The 

unfavorable alterations may be categorized 

broadly into changes that occur in the cardiac 

myocytes and changes that occur in the 

volume and composition of the extracellular 

matrix (Roger et al., 2011). Since remodeling 

in heart failure is progressive and eventually 

becomes detrimental, the majority of 

M
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treatment strategies are aimed at stopping or 

reversing this process. Although medical 

management, cardiac resychronization 

therapy, and long-term or destination 

mechanical circulatory support have been 

successful in this regard, a considerable 

number of patients still progress to end-stage 

heart failure with limited therapeutic options. 

For these patients, stem cell therapies are 

being investigated as a safe treatment strategy 

for decreasing cardiac remodeling on top of 

conventional medical and device treatment 

(Mann & Bristow, 2005). 

Cellular transplantation using stem cells 

(SCs) allows the replacement of non 

functional cardiomyocytes and scar tissue 

with new fully functional contracting cells, 

thus improving cardiac function and relieving 

the symptoms of heart failure (Lovell & 

Mathur, 2004). The potential capacity of adult 

and embryonic stem cells to develop into 

cardiac stem cells, cardiomyocytes, vascular 

endothelial cells and smooth muscle cells; and 

to secrete cytokines and growth factors to 

support endogenous repair, is under 

evaluation (Alexander & Bruneau, 2010). 

Stem cells are undifferentiated tissue 

progenitor cells that can proliferate and are 

defined by their ability to self-renew and to 

form one or more different cell types 

(Banerjee et al., 2006). Expression of CD34 

surface antigen characterizes this 

heterogeneous population of cells that 

includes hematopoietic and endothelial 

progenitor cells that are localized in the bone 

marrow and mobilized into the circulation 

after myocardial infarction (Massa et al., 

2005). 

Adult human peripheral blood CD34
+
 stem 

cells have been shown to differentiate into 

cardiomyocytes, endothelial cells and smooth 

muscle cells when injected into mice. This 

could be done by both, stem cell fusion with 

resident cardiomyocytes and the 

differentiation without cell fusion (Iwasaki et 

al., 2006). 

Furthermore, bone marrow harbors a 

population of tissue-committed stem cells that 

are CD34
+
/CXCR4

+
/CD133

+
 which 

expressing mRNA for cardiac and endothelial 

markers, these potential cardiac progenitors 

may contribute to cardiac regeneration by 

differentiating into cardiomyocytes and 

vascular cells, a paradigm that involves 

neither cell fusion nor transdifferentiation 

(Dimmeler et al., 2008). 

Stromal derived factor-1(SDF-1) 

chemoattractant, that is highly secreted in 

ischemic myocardium, interacts with its 

receptor CXCR-4, thus forming an SDF-

1/CXCR-4 axis, which is crucial to 

mobilization, homing and survival of 

CD34+/CXCR-4 stem cells into the 

myocardium thus facilitating tissue repair 

(Wojakowski et al., 2004). 

Patients and Methods 

Patients 

The present study was carried out on 25 newly 

diagnosed AMI patients who attended the emergency 

department of National Heart Institute. They were 22 

males and 3 females, their ages ranged from 35 to 67 

years, with a median age of (55). All patients were 

subjected to full history taking with special emphasis 

on age, sex and smoking habit. Electrocardiogram for 

all patients was done on admission for assessment of 

ischemic changes. 

Diagnosis of AMI and selection of patients was 

based on the following inclusion criteria:  presence of 

typical chest pain (central chest pain, squeezing or 

stabbing in character, lasts > 20 minutes and not 

relieved by simple analgesic), elevated ST segment and 

increased CK total and CK-MB activity (Thygesen et 

al., 2012).  

Exclusion criteria included: infection, previous 

history of MI, any associated liver, kidney, bone or 

neurological diseases. 

Laboratory Investigations 

- Four milliliters (ml) of venous blood sample were 

aseptically collected from each patient on 

admission. Two ml were dispensed in vacutainer 
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gel tube for chemical analysis (CK and CK-MB) 

and the other 2 mL in (K-EDTA) containing 

vacutainer for complete blood count and detection 

of studied stem cells markers. After 24 hours, 

another 2ml of venous blood were collected, 1ml in 

vacutainer gel tube for chemical analysis (CK and 

CK-MB) and 1ml for detection of studied stem cell 

markers.  

- Complete blood count was done using automatic 

cell counter Cell Dyne 1700. 

- CK and CK-MB enzymes were determined 

quantitatively by enzymatic rate method using 

Beckman Synchron CX7 Clinical System 

(Beckman Coulter Inc.California, USA)  

Control group 

Patients were compared to a control group of 25 

apparently healthy sex matched individuals, their ages 

ranged from 30 to 58 years with a mean age of 42 ± 10. 

Exclusion criteria included: infection, previous history 

of MI, any associated liver, kidney, bone or 

neurological diseases. 

Two milliliters venous blood were aseptically 

collected from each control individual, dispensed into 

(K-EDTA) containing tube for complete blood count 

and detection of studied stem cells markers. 

Flowcytometric Analysis 

Determination of the percentage of peripheral blood 

cells that express CD34 as well as cells coexpressing 

CD34/CXCR4+ and the expression intensity of CD34 

and CXCR4 on CD34/CXCR4+ cells  was carried out 

by direct immunofluorescence technique using Coulter 

EPICS XL Flowcytometer system, which was 

performed for both patients and controls. Briefly, 

aliquots of whole blood (25 µL each) were labeled with 

2µl fluorescein isothiocyanate (FITC) conjugated 

monoclonal antibody (MoAb) for detection of CD34 

(supplied by Beckman Coulter, France) and 2 µl of 

phycoerythrin (PE) conjugated MoAb for detection of 

CXCR4 supplied by (R&D systems, United Kingdom). 

It was incubated for 15 minutes at room temperature in 

the dark. A wash step was done once with 2ml 

phosphate buffered saline solution (PBS). Two ml of 

ammonium chloride lysing solution (Al-Gomhoreya 

CA, Egypt) were then added and mixed thoroughly to 

lyse red blood cells. The tubes were further incubated 

for 5–10 minutes at room temperature in the dark, 

followed by centrifugation at 3000 rpm for 5 minutes. 

The supernatants were discarded and cells were washed 

with phosphate buffered saline (PBS). After two 

washes, the cells were resuspended in 500 µl PBS and 

analyzed by Flowcytometry.  

Isotypic control antibody was used to eliminate 

back fluorescence. 

Data Interpretation 

Based on forward and side scatter, an electronic gate 

“A” was set as broadly as possible around the 

mononuclear cell population to detect the percentage of 

cells positive for the studied markers. Gating of CD34+ 

cells as well as the CD34/CXCR4+ cells was done) 

(Fig.1). In addition, the mean fluorescence channel 

number (MCF) was used to measure the expression of 

CD34 as well as CXCR4 expression on CD34
+
cells and 

it was expressed as the mean fluorescence intensity 

(MFI). 

In concert with the International Society of 

Hematotherapy and Graft Engineering (ISHAGE), the 

absolute counts of CD34+ and CD34/CXCR4+ cells 

were calculated as follows as: 

1) CD34+ absolute cell count (in cells/ml): TLC (in 

cells/ml) X % mononuclear cells (Gate A) X % of 

CD34+ cells (quadrant 4). 

2) CD34+ CXCR4 absolute cell count (in cells/ml): 

TLC (in cells/ml) X % mononuclear cells (Gate A) X 

% of CD34+CXCR4+ cells (quadrant 2). 

Where absolute total Leucocyte count (TLC) were 

obtained from an automated hematology analyzer (two-

platform method) (Barnett et al., 1999).  

Statistical Analysis  

Standard Computer Program SPSS for Windows, 

release 13.0 (Chicago, IL, USA) was used for data 

entry and analysis. All numeric variables were 

expressed as median and interquartile range (IQR). 

Comparison of different variables in various groups 

was done using student t test and Mann Whitney test 

for normal and nonparametric variables respectively. 

Multiple regression analysis was also performed to 

determine the effect of various factros on a dependent 

variable. Spearmann's correlation test was used for 

correlating non-parametric variables. For all tests, a 

probability (P) less than 0.05 was considered 

significant (Daniel, 1995). 
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Figure 1. The left Dot plot figure shows an electronic gate “A” around the mononuclear cells (37%). The right one 
shows quadrant (1) for CXCR4+ /CD34-cells(0.09%), quadrant (2) for CD34+/CXCR4+ cells(1.4%), quadrant  (3) for 
CD34-/CXCR4- cells(96.01%) and quadrant (4) for CD34+/CXCR4- cells(2.5%). 

 

Results 

The absolute CD34+ as well as the 

CD34/CXCR4+ counts were significantly 

higher in patients group upon admission in 

comparison to control group (P<0.01) 

(Table.1), (Fig.2). While CD34 expression 

was significantly higher in patients compared 

to control group, CXCR4 expression on 

CD34+ cells was significantly lower in 

patients in comparison to control group 

(Table.1). 

After 24 hours of admission, the number of 

CD34/CXCR4+ cells remained elevated and 

the expression intensity of both markers still 

unchanged significantly in patients (Table 2). 

 

Table 1. Difference between control and patients group as regards absolute CD34+ count and CD34/CXCR4+ count 
(cells/ml) as well as the intensity of their expression (MFI). 

 Variable٭
Control 

(n=25) 
Patient (n=25) P 

CD34
+
 (cells/ml) 24(21) 46(57) 0.00 

CD34/CXCR4+ (cells/ml) 18(23) 43(37) 0.00 

CD34 (MFI) 5(5) 13(17) 0.00 

CXCR4 (MFI) 173(251) 8(189) 0.04 

  .Results expressed as median and interquartile range٭

P<0.05 is significant. 
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Figure 2. Differences between patients and control as regard CD34+ and CD34/CXCR4+ absolute cell counts (in 
cells/ml) (on the left) and intensity (in MFI) (on the right). 

Table 2. Differences of CD34/CXCR4+ absolute cell counts (cells/ml) and the expression intensity (MFI) of both 
markers between patients on admission and after 24 hours: 

Variable٭ Patients on admission (n=25) 
Patients after 24 hours 

(n=8) 
P value 

CD34+ (cells/ml) 46 (57) 63 (65) NS 

CD34/CXCR4 (cells/ml) 43 (37) 50 (56) NS 

CD34 (MFI) 13 (17) 15 (19) NS 

CXCR4 (MFI) 8 (189) 255 (294) NS 

 .Results expressed as median and interquartile range. P>0.05 is not significant (NS)٭

 

Multiple regression analysis was performed to 

determine the effect of smoking, diabetes, 

chest pain duration, streptokinase 

administration, age and CK and CK-MB 

activity on studied markers. Diabetes, 

duration of chest pain or streptokinase 

administration has no significant effect on 

CD34/CXCR4
+
 number or the expression 

intensity of both markers. Otherwise, CXCR4 

intensity was lower in non-smoker than 

smoker patients (P < 0.05) (Tables 3 to 6). 

Table 3. Effect of smoking on CD34/CXCR4+ absolute cell counts (cells/ml) and the expression intensity(MFI) of both 
markers. 

Variable٭ Smoker (n=16) Non-smoker (n=9) P 

CD34+ (cells/ml) 59(43) 40(88) NS 

CD34/CXCR4+ (cells/ml) 44(32) 40(52) NS 

CD34 (MFI) 13(14) 16(34) NS 

CXCR4 (MFI) 98(259) 2 (7) 0.04 

 .Results expressed as median and interquartile range. P>0.05 is not significant (NS)٭
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Table 4. Effect of diabetes on CD34/CXCR4+ absolute cell counts (cells/ml) and the expression intensity (MFI) of 
both markers. 

Variable٭ Diabetic (n=8) Non-diabetic (n=17) P 

CD34+ (cells/ml) 51(78) 45(58) NS 

CD34/CXCR4+ (cells/ml) 43(35) 43(39) NS 

CD34 (MFI) 21(49) 13(11) NS 

CXCR4 (MFI) 2(10) 109(321) NS 

 .Results expressed as median and interquartile range. P>0.05 is not significant (NS)٭

Table 5. Effect of chest pain duration on CD34/CXCR4+ absolute cell counts (cells/ml) and the expression intensity 
(MFI) of both markers. 

Variable6 ≥ ٭ hours (n=11) > 6 hours (n=14) P 

CD34
+ 

(cells/ml) 62 (79) 41 (51) NS 

CD34/CXCR4+ (cells/ml) 46 (35) 40 (39) NS 

CD34 (MFI) 11 (10) 14 (32) NS 

CXCR4 (MFI) 109 (359) 3 (95) NS 

 .Results expressed as median and interquartile range. P>0.05 is not significant (NS)٭

Table 6. Effect of streptokinase administration on CD34/CXCR4+ absolute cell counts (cells/ml) and the expression 
intensity (MFI) of both markers:  

Variable٭ (-) streptokinase (n=11) (+)Streptokinase (n=14) P 

CD34
+ 

(cells/ml) 62(60) 44(63) NS 

CD34/CXCR4+ (cells/ml) 46(46) 41(29) NS 

CD34 (MFI) 13(16) 13(29) NS 

CXCR4 (MFI) 14(180) 7(216) NS 

 .Results expressed as median and interquartile range. P>0.05 is not significant (NS)٭

    

 

No significant correlations were detected 

between patient's age and CD34/CXCR4+ 

absolute cell counts and the expression 

intensity of both markers (Table7). 

Table 7. Correlations between patient's age and studied markers 

Variable Correlation Coefficient P 

CD34+ (cells/ml) -0.222 NS 

CD34/CXCR4+ (cells/ml) -0.261 NS 

CD34 (MFI) -0.141 NS 

CXCR4 (MFI) -0.287 NS 

P>0.05 is not significant (NS). 
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As for the effect of the CK and CK-MB levels 

on the studied markers, patients admitted with 

normal CK and CK-MB activity showed no 

significant difference in CD34/CXCR4
+
 

absolute cell counts or the expression 

intensity of CD34 marker in comparison to 

those admitted with high levels of enzymes 

but the expression intensity of CXCR4 was 

significantly low in patients admitted with 

elevated cardiac enzymes (P = 0.04) (Table 

8). 

Table 8. Effect of CK and CK-MB total activity on studied markers 

Variables* 

Cardiac enzymes 

P value Within Normal CK&CK-MB activity 

(n=15) 

Above normal CK&CK-MB activity 

(=10) 

CD34+ (cells/ml) 46(51) 56(70) NS 

CD34/CXCR4+ (cells/ml) 45(35) 41(37) NS 

CD34 (MFI) 15(14) 9(18) NS 

CXCR4 (MFI) 86(283) 2(52) 0.04 

 .Results expressed as median and interquartile range. P>0.05 is not significant (NS)٭

 

Total CK activity on admission was 

negatively correlated with CD34 expression 

intensity (P = 0.02) and positively correlated 

with CXCR4 intensity after 24 hours of 

admission (P = 0.04) (Table 9, 10). 

Table 9. Correlations between total CK activity and studied markers on admission 

Variable* Correlation Coefficient P value 

CD34+ (cells/ml) 0.010 NS 

CD34/CXCR4+ (cells/ml) -0.063 NS 

CD34 (MFI) -0.458 0.02 

CXCR4 (MFI) -0.292 NS 

Results expressed as median and interquartile range. P>0.05 is not significant (NS). 

Table 10. Correlations between total CK activity on admission and studied markers after 24 hours 

Variable* Correlation Coefficient P value 

CD34+ (cells/ml) 0.252 NS 

CD34/CXCR4+ (cells/ml) 0.527 NS 

CD34 (MFI) 0.659 NS 

CXCR4 (MFI) 0.719 0.04 

Results expressed as median and interquartile range. P>0.05 is not significant (NS). 
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Discussion 

In humans, SCs reside mainly in the bone 

marrow (BM) where they find optimal 

environment for proliferation and 

differentiation. A small number of BM-

derived SCs circulates in the peripheral blood 

(PB) to keep in balance the stem cell pool in 

tissue niches that are located in different 

organs, These cells may be increased in PB 

after so-called pharmacological mobilization 

(Paczkowska et al., 2005). 

CD34 is a transmembrane receptor, protein 

in nature, known to be a stem cell antigen, 

suggested to keep SCs in undifferentiated 

state and had a role in their adhesion to the 

endothelial barrier between blood and bone 

marrow and involved in transendothelial 

migration of SCs towards their niches in the 

bone marrow (Nielsen & McNagny, 2008). 

CXCR4 is a transmembrane chemokine 

receptor, protein in nature; many studies 

documented its role in SC homing in their 

niches within the bone marrow stromal cells. 

Cleavage of CXCR4 receptor on the CD34 

SCs is required for their mobilization into the 

circulation and homing towards the BM 

(Paraskevas, 2004). 

Hypoxia resulting from ischemic injuries 

such as AMI is considered a potent stimulator 

for SCs mobilization by inducing the release 

of multiple cytokines and chemokines with 

subsequent homing and engrafment of SCs 

within the injury site as a first step required 

for tissue repair (Paczkowska et al., 2005). 

This study attempted to answer the 

question whether myocardial infarction 

related stress may also trigger mobilization of 

SCs from the bone marrow into the peripheral 

blood. 

The findings of this study showed that in 

(S-T elevated myocardial infarction) STEMI 

patients, the number of CD34+ and double 

staining CD34+/CXCR4 cells was increased 

in the first 24 hours after initiation of 

symptoms in comparison to apparently 

healthy adults.  

Both Shintani et al. (2001) and Steppich et 

al. (2002) were the first to describe the 

increased number of CD34+ cells in the post-

MI period. Shintani et al found that elevation 

of CD34+ begins at 7-10 days after MI while 

Steppich et al. detected an increase at 24 

hours from the time of cardiac catheterization 

but not from the initiation of symptoms. 

Wojakowski et al. (2004) found that the mean 

absolute number of CD34+ cells in healthy 

controls was 380/ul of whole blood with no 

detectable number of CD34/CXC4+ cells. In 

STEMI, CD34+ cells were 752/ul with 

increased number of CD34/CXC4+ cells 

detected within 12 hours from the onset of 

chest pain. 

The study by Massa et al. (2005) revealed 

spontaneous mobilization of CD34+ cells in 

MI patients within a few hours after 

symptoms that decreases after 7 days and 

normalizes within 2 months. Also, Leone at 

al. (2005) showed a relatively late peak of 

stem cells numbers co-expressing CD34 and 

CD45 on the day 5 of MI. Spevack and his 

colleagues (2006) documented an elevation in 

CD34+ cells in the day 8 after MI by 74% 

above healthy controls who had 2527cell/ml. 

Mobilization of cardiac progenitor cells 

was detected by the work of Kucia et al. 

(2004) who found increased number of 

peripheral blood mononuclear cells positive 

for CD34 and CXCR4 associated with 

increased mRNA expression of cardiac 

markers in these cells in STEMI patients at 48 

hours after initiation of symptoms. Again 

Wajakowski et al. (2009) assayed the 

mobilization of stem cells positive for 

pluripotent markers and co-expression of 

CD34 and CXCR4 in the peripheral blood of 

MI patients and found that the absolute 

number of these cells increased in the first 12 

hours after the onset of symptoms and persist 

for 5 days. As well, Jime´ nez-Navarro et al. 
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(2011) showed that CD34, CD34+CD133+, 

CD34
+
KDR

+
, and CD34

+
CD133

+
KDR

+ 

CD45
+
 (weak) had higher numbers in acute 

MI patients on admission, day 3 and day 7 

post admission. 

Consistent with prior study by Massa et al. 

(2005), the present study showed that the 

number of circulating CD34
+
 SCs was not 

affected by any of the following parameters; 

age, smoking, diabetes, or cardiac necrosis 

markers CK and CK-MB. Again, Muller- 

Ehmesen and his colleagues (2005) reported 

that neither diabetes nor smoking affect the 

number of mobilized CD34
+
 stem cells in MI 

patients. This is in contradiction with the 

work of Egan et al. (2008) who studied the 

effect of diabetes on circulating SCs and 

found that type 2 diabetes was associated with 

reduced level of PB CD34/CXCR4 cells and 

decreased expression of CXCR4 antigen on 

these cells especially when accompanied with 

cardiovascular disease. 

Furthermore, old age above 50 years and 

the presence of diabetes were found to reduce 

the number of circulating CD34/CXCR4
+
 

cells in MI patients in Wojakowski et al. 

(2009) supposing that if peripheral CD34
+ 

cells play a role in vascular and myocardial 

regeneration and since the age is an important 

risk factor for coronary artery disease, so the 

regenerative capacity of cardiovascular tissue 

is assumed to be decreased with age. 

Fibrinolysis seems to have no effect on SC 

mobilization in the present study as there is no 

difference in CD34/CXCR4
+
 number between 

patients who received streptokinase and 

patients who did not receive streptokinase. On 

the other hand, Muller-Ehmesen and his 

colleagues (2005) demonstrated that early and 

successful revascularization of the occluded 

artery by percutaneous coronary intervention 

inhibits CD34
+
 mobilization. This supports 

the hypothesis that ischemia is a major trigger 

for release of CD34
+
 cells into the circulation. 

No correlation was detected in this study 

between CD34/CXCR4
+
 number and cardiac 

enzymes. However, Wojakowski et al. (2006) 

reported negative correlation between 

CD34/CXCR4
+
 number and the myocardial 

necrosis markers suggesting that either larger 

infarct size is associated with reduced 

mobilization of SCs or associated with rapid 

clearance of SCs from the circulation to the 

injury site. 

Dlubek et al. (2006) detected a negative 

correlation between CD34/CXCR4
+
 SCs 

mobilization and the expression intensity of 

CXCR4 in healthy individuals given G-CSF 

assuming that mobilization depends largely on 

modification of CXCR4 density on CD34
+
 

cells. 

Since myocardial infarction is associated 

with the release of G-CSF, this may explain 

the finding in the present study that MI 

patients having a significant reduction of 

CXCR4 level when compared with control 

group. 

In the present study, patients who were 

admitted with high cardiac enzymes had low 

CXCR4 expression than those admitted with 

normal cardiac enzymes. Also, CXCR4 

intensity measured after 24 hours was 

positively correlated with CK and CK-MB 

measured on admission.  

Putting these two findings together, this 

study may state that elevated level of cardiac 

necrosis markers in case of prolonged time of 

ischemia or larger infarct area, causing release 

of multiple cytokines such as G-CSF and SCF 

which regulate the expression of CXCR4 

causing its down-regulation in the early hours 

of infarction., thus facilitating CD34
+
 CS 

mobilization from the BM to the PB and then 

its up-regulation. This is accordingly assumed 

to initiate the migration and the homing of 

SCs to the infarct area. This is supported by 

the work of Lapidot et al. (2005) which 

previously showed that in-vitro cytokine 

stimulation with G-CSF and SCF up-regulate 
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CXCR4 expression by human CD34
+
 cells 

within 24 to 48 hours leading to their 

increased SDF-1 mediated migration and 

homing. 

In conclusion, the essential finding of this 

study was the presence of a pool of 

CD34/CXCR4
+
 stem cells circulating in low 

numbers in peripheral blood of healthy 

individuals and their rapid increase in number 

in acute myocardial infarction patients in the 

first 24 hours of symptoms which might be 

due to their mobilization as a response to 

ischemic injury and also coexist with low 

CXCR4 expression on these cells. We 

hypothesized that as CD34/CXCR4
+
 stem 

cells were proved to be cardiac progenitors, 

therefore they are likely to contribute to 

myocardial repair following the acute 

ischemic injury. 
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