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ABSTRACT

Background: The chemokine stromal cell-derived factor 1 (SDF-1) is important in tissue repair. In this study,
we aimed to investigate the relationship between the number of stem cells in the blood and the blood
concentration of stromal cell-derived factor 1 with disease severity in cirrhotic patients.

Materials and Methods: In this study, 15 patients with cirrhosis and 15 healthy individuals aged 18 to 65 were
randomly selected between January 2016 and July 2017. The number of circulating stem cells and SDF-1 levels
were compared in the patient and healthy control groups. The correlation between circulating stem cells (CSC)
and SDF-1 concentration with disease severity was evaluated.

Results: 33% of cirrhotic patients were classified as severity B and 67% as severity C by the Child-Pugh method.
The percentage of stem cells and mean SDF-1 concentration in patients with cirrhosis was approximately 2.8 (p
< 0.01) and 1.81 (P < 0.01) times higher than healthy individuals, respectively. Patients with a more severe
form of the disease had significantly higher concentrations of SDF-1 in peripheral blood than patients with a
milder form (p=0.04).

Conclusion: The percentage of stem cells and the concentration of SDF-1 in the serum of cirrhotic patients
were significantly higher compared with the control group. In addition, there was no significant relationship
between the percentage of circulating stem cells and the severity of the disease, whereas a direct relationship
between the severity of the disease and the concentration of SDF-1 was observed.
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INTRODUCTION

The liver is one of the body's most important
organs because of its functions, such as metabolism
and excretion of body toxins . Chronic liver diseases
cause cirrhosis and liver failure due to infections,
alcohol abuse, and metabolic disorders® 3. 3.5% of
deaths in the world are due to cirrhosis*. The
pathological appearance of cirrhosis is caused by
nodule formation, a decrease in cell volume and liver
function, fibrosis, and blood flow disorders. Long-

term liver disease leads to end-stage liver disease
(ESLD), and the only treatment is transplantation®.
However, transplantation is not always available in
most countries and is expensive °.

The main reason for using stem cell-based therapies
is to restore liver function by reactivating its tissuel.
Hepatocyte-like cells (HLC) are ideal in curing liver
diseases’. HLC can be induced in vitro and in vivo by
manipulating hematopoietic, induced pluripotent,
and mesenchymal stem cells (MSCs)®. Moreover,
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among these cells, MSCs showed the highest
similarity and the least immunological effects in the
body®. They can regenerate, turn into different cells,
and be taken from different parts, such as bone
marrow .

Chemokine stromal cell-derived factor 1 (SDF-1) or
CXCL12 is expressed only in healthy liver tissue,
although its expression increases in acute or chronic
liver injury. Its major secretion sites are liver
sinusoidal endothelial cells (LSEC), hepatic stellate
cells (HSC), and malignant hepatocytes. This
chemokine confirms proinflammatory responses in
chronic injury by enhancing the progression of
interactions with liver fibrosis, and it regulates the
transport of HSCs in BM during fetal and adult
hematopoiesis’!2, In addition, SDF-1 has an
important function in tissue repair. It has been
shown that the lack of repair of tissues, especially
skin tissues in diabetic patients, is due to the
decrease in the ability to produce and secrete this
factor ¥, In addition, SDF-1 plays an important role
in the mobilization, implantation, survival, and
proliferation of hematopoietic stem cells®.
Hematopoietic stem cells are most abundant in the
bone marrow and found in the fetal liver and bone
marrow, umbilical cord blood, adult bone marrow,
and peripheral blood. These cells can be identified by
CD34+, CD38-, Lin-, c-Kit+, and Thy-1+ 1618,

Hepatic stellate cells (HSCs) are the majority of stem
cells in the bone marrow and express CD34+ as a cell
surface marker. These cells can self-regenerate and
differentiate into progenitor cells. They are known to
be liver fibrosis markers °. Due to tissue injury, HSCs
can be easily obtained from bone marrow and
circulate in the blood %. In this study, we sought to
investigate the relationship between the number of
stem cells in the blood and the blood concentration
of stromal cell-derived factor-1 with disease severity
in cirrhotic patients.

MATERIALS AND METHODS

Patient population and study design

For this study, 15 patients with cirrhosis and 15
healthy individuals aged 18 to 65 years were
randomly selected. All patients were selected
between January 2016 and July 2017 among patients
with liver cirrhosis referred to Imam Hossein
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Education, Research and Treatment Center in
Shahroud. This study was approved by the Ethics
Committee of Shahroud University of Medical
Sciences with the Code of Ethics "20040" with
informed consent. All patients had liver cirrhosis
based on clinical, biochemical, and radiological
findings, regardless of the cause of cirrhosis. Patients
with pregnancy and vital organ problems were
excluded from the study. Patients with other
diseases unrelated to cirrhosis, such as
hepatocellular carcinoma or cancer, including bone
marrow malignancies, active infections, history of
diabetes, and uncontrolled hypertension, were also
excluded. None of the participants took
immunosuppressive drugs for at least 4 weeks
before participating in the study.

Flow Cytometry and ELISA

Blood samples were collected in tubes containing
EDTA anticoagulant. 100 pL of anticoagulated
peripheral blood was stained with 5 puL of CD45
conjugated fluorescein isothiocyanate (FITC) (BD
Biosciences) and CD34 conjugated phycoerythrin
(PE) (BD Biosciences) monoclonal antibodies for 30
minutes at 25 °C in the dark. Then, the blood was
lysed with lysis buffer (Biolegend) for 10 minutes.
After washing with PBS, cells were fixed with 1%
paraformaldehyde until flow cytometric analysis.
Then, the cells were analyzed by Attune™ NxT Flow
Cytometer flow cytometer (Thermo Fisher Scientific
Inc.). At least 50,000 events were recorded and
subsequently analyzed using FlowJo software
version 7.3 (TreeStar). The frequency of
CD34+CD45dim events in peripheral blood was
considered circulating stem cells.

The blood concentration of SDF-1 was determined
using the SDF-1A Elisa Mini Kit (Peprotech) according
to manufacturer instructions.

Statistical analysis

Flowlo X software was used to analyze the results
and draw graphs. The number of circulating stem
cells and SDF-1 concentration were compared in the
patient and healthy control groups. The correlation
between circulating stem cells (CSC) and SDF-1
concentration with disease severity was evaluated
using the chi-square statistical method. Data were
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analyzed using SPSS software (v. 23.0). Severity
grading was performed according to the Child-Pugh
method for examining disease severity and
determining prognosis and mortality 2.

RESULT

The study included 15 healthy subjects and 15
patients with cirrhosis. 47% of the patient and 44%

Table 1: Demographic information of 15 cirrhotic patients
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of the healthy groups were male. 46% of the
participants were between 51 and 54 years old. The
demographic data of the cirrhotic patients are
summarized in Table 1. Of these patients, 33% were
classified as severity B and 67% as severity C by the
Child-Pugh method.

Gender Age Cause of Esophageal Ascit  Hemoglobin(gr/dl  Platelet (x Grading based on
Cirrhosis varices es ) 10%) child-pugh
1 Male 56 HBV + + 7.8 82 C
2 Female 62 HBV + + 8 71 C
3 Male 57 Cryptogenic + 9.5 96 C
4 Male 59 Cryptogenic + + 8.5 68 C
5 Female 52 HBV + + 7.5 87 C
6 Female 55 HBV + 9 78 Cc
7 Male 60 Cryptogenic 9.8 100 B
8 Female 56 Cryptogenic 9 111 B
9 Female 53 Cryptogenic 8.8 90 B
10 Female 51 Cryptogenic + + 10 85 C
11 Male 65 HBV + + 10.5 75 C
12 Male 58 HBV + + 11 81 C
13 Female 60 Cryptogenic + 8 10.2 C
14 Female 55 Cryptogenic 8.9 91 B
15 Male 58 Cryptogenic 9 84 B

The percentage of stem cells in the peripheral
blood circulation of cirrhotic patients and
healthy people is shown in Figure 1. In healthy
people, the percentage of stem cells was
0.046%, but in patients with cirrhosis, it was
0.13%, about 2.8 times more than in healthy
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people (p < 0.001). An example of the flow
cytometry graphs related to the measurement
of CD34+ stem cells and WBC in the peripheral
blood circulation in patients with cirrhosis and
healthy people is shown in Figure 2.
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Figure 1. percentage of circulating stem cells in cirrhosis patients and healthy control
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Figure 2. Flowcytometry charts of CD34+ stem cells in patients with cirrhosis and healthy control blood circulation

It was also found that the concentration of SDF-1 was
higher in cirrhotic patients than in healthy individuals
(Figure 3). It is shown that the average SDF-1
concentration in cirrhotic patients was 703.9 pg/ml,
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while in the healthy group, it was 387.1 pg/ml, 1.81

times higher (P < 0.001).
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Figure 3: Average SDF-1 concentration in groups of healthy individuals and patients

Correlation analysis between the percentage of
circulating stem cells and disease severity showed no
significant correlation between disease severity and
the percentage of circulating stem cells in cirrhotic
patients (P=0.46). In other words, the number of
circulating stem cells is probably not a determining
factor for  the severity of  cirrhosis.

However, statistical analysis showed that more
severe disease increases SDF-1 levels (Table 3). It was
found that patients with a more severe form of the
disease had significantly higher concentrations of
SDF-1 in peripheral blood than patients with a milder
form (p=0.04).

Table 3: The result of the Chi-Square test to determine the association between the concentration of SDF-1 and CD34+ stem cells with the

severity of cirrhosis

Child B (N=5) Child C (N = 10) P value
Mean + SD Mean + SD
SDF-1 650.2 + 45.5 721.4 £109.1 0.04
CD34+ 0.142 £ 0.061 0.131 £ 0.055 0.46
DISCUSSION

Cirrhosis can result from various causes, such as
hepatitis B and long-term alcohol consumption.
Stem cells are very important in repairing human
tissue, especially the liver. Korbling et al. have shown
that hepatocytes and epithelial cells related to the
transplant donor have appeared in liver tissue, skin,
and digestive tract in patients receiving peripheral
blood stem cell transplantation from the recipient.
This shows that circulating stem cells can transform
into various adult cells, including liver tissue cells
(22). Therefore, it was hypothesized that due to liver
tissue damage and lack of replacement of new
hepatocyte cells, the number of circulating stem cells
in cirrhotic patients might be lower than in healthy
people. However, our result showed that the
162

number of stem cells was higher in cirrhotic patients
than in healthy people. This contradiction might be
because the liver itself cannot repair and reconstruct
itself using stem cells due to chronic inflammation. In
other words, more stem cells are mobilized from the
bone marrow in response to liver tissue damage, but
probably the stem cells are unable to be implanted
into the liver because of chronic inflammation, or
they become apoptotic after implantation because
of the unsuitable microenvironment of the liver (23).
Consistent with our results, Kaur et al. and Dalakas
et al. have shown that a subset of stem cells
characterized by CD34+, CD133+, CD31+ is increased
in patients with alcoholic cirrhosis (24). The
statistical analysis results showed no correlation

International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir



IJHOSCR, 1 April 2025. Volume 19, Number 2

between the severity of the disease and the number
of circulating stem cells. And since the number of
stem cells increased in the peripheral circulation and
there was no correlation between this number of
stem cells and the severity of cirrhosis, the
mobilization of stem cells does not seem to
contribute to the pathogenesis of cirrhosis.

SDF-1 can be produced and secreted by all tissues of
the body, especially damaged cells, and it causes the
migration of stem cells from the bone marrow to the
peripheral blood and eventually to tissues in need of
cell repair (25). In a study of diabetic wounds, Fiorina
et al. showed that healing of diabetic wounds
requires the presence of factor SDF-1 and stem cells
in the circulation (26). Dalakas et al. showed that
chemokine levels increase as a result of liver damage
caused by long-term alcohol consumption. However,
the transplantation of awoman's liver to an alcoholic
man in the same study also showed that chemokines
and stem cells do not affect liver repair (23).
Considering the high degree of liver cell destruction
and apoptosis in cirrhosis and SDF-1 secretion from
the damaged cells, higher concentrations of SDF-1 in
the blood of cirrhotic patients are expected, which
was confirmed by the results of this study and has
also been shown in other studies (27-30). Chalin et
al. showed that SDF-1 can be a diagnostic biomarker
(31). It can be concluded that liver tissue responds
well to destruction and fibrosis due to the higher
concentration of this important factor in cirrhotic
patients. Moreover, SDF-1 increased directly with
the increase in disease severity in cirrhotic patients,
which was confirmed by Bihari et al. (27). Therefore,
the concentration of SDF-1 can be used as a
biomarker to determine the severity of the disease.
This study has some limitations, including the small
sample size and the restriction to patient selection
from a single hospital in a short period. In addition, it
was not possible to sample cirrhotic patients with a
single etiology or to compare patients with different
etiologies. Therefore, future studies may investigate
and explore the biomarker ability of SDF-1 to
determine disease severity and prognosis. It is also
suggested that other factors that stimulate stem cell
migration, such as CXCL11, will be measured.

Stem Cells and SDF-1 in Cirrhosis

CONCLUSION

The percentage of stem cells and the concentration
of SDF-1 in the serum of cirrhotic patients were
significantly higher compared with the control
group. In addition, there was no significant
relationship between the percentage of circulating
stem cells and the severity of the disease, whereas a
direct relationship between the severity of the
disease and the concentration of SDF-1 was
observed.
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