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ABSTRACT. There are significant differences on the biological 
characteristics of bone marrow mesenchymal stem cells (BMMSCs), 
immunological response, and antigen-presenting functions between 
patients with psoriasis and normal subjects, but there are no significant 
differences in aborted fetuses. We examined the differences in 
BMMSCs between aborted fetuses and patients with psoriasis in 
this study. Bone marrow from normal subjects, aborted fetuses, and 
patients with psoriasis were obtained using a MidiMACS machine. 
Density gradient centrifugation method was used to isolate the bone 
marrow mononuclear cells of patients with psoriasis and aborted fetus 
and the cells were cultivated. Bone marrow CD34+ cells from normal 
subjects were isolated. MTT colorimetric detection was used to test the 
proliferation activity of bone marrow CD34+ cells. The purity of bone 
marrow CD34+ cells and BMMSCs was determined by flow cytometry. 
The BMMSC culture supernatant fluid of patients with psoriasis and 
aborted fetuses showed no statistically significant difference with bone 
marrow CD34+ cell proliferation in normal subjects (P > 0.05).
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INTRODUCTION

Bone marrow mesenchymal stem cells (BMMSCs) are hematopoietic stem cells in the 
bone marrow, which acts as the microenvironment for their proliferation and differentiation 
(Jiang et al., 2002; Bonnet, 2003; Grove et al., 2004). Numerous studies have suggested that 
bone marrow cells are involved in the pathogenesis of psoriasis (Zhang et al., 2004; Niu et 
al., 2006; Yin et al., 2006). Our previous comparative studies revealed significant differences 
in the biological characteristics of BMMSCs (Zhang and Li, 2004; Zhang et al., 2010a,b), as 
well as the immunological response and antigen presenting functions between patients with 
psoriasis and normal subjects. However, we observed no significant differences in these fea-
tures in aborted fetuses.

BMMSCs in the aborted fetus are found in the developmental stage, indicating that 
the immune status of BMMSCs in patients with psoriasis is significantly decreased and may 
be at the same level as in aborted fetuses. CD34+ is the surface marker of hematopoietic 
stem and progenitor cells. BMMSCs, another type of bone marrow stem cells, play an im-
portant role in the development and differentiation of CD34+ cells. Therefore, we examined 
the characteristics and differences in BMMSCs between aborted fetus and patients with 
psoriasis to provide a basis for follow-up studies. We cultivated BMMSCs from aborted 
fetus and patients with psoriasis to obtain the culture supernatant fluid and observed the 
impact of the culture supernatant fluid on the proliferation of bone marrow CD34+ cells in 
normal subjects.

MATERIAL AND METHODS

This cytology in vitro controlled study was conducted from July 2010 through April 
2011 in the Dermatology Laboratory of Taiyuan Central Hospital.

Bone marrow was collected from normal subjects, aborted fetuses, and patients with 
psoriasis, and bone marrow cells were isolated using a MidiMACS machine (Miltenyi Biotec, 
Bergisch, Germany). All subjects provided informed consent.

Samples

The 9 aborted fetuses included in this study were aged 19-30 weeks, with an average 
of 25 weeks, and included 4 males and 5 females. The mothers were healthy and had volun-
tarily chosen to end the pregnancy using mifepristone and misoprostol. The placenta, umbili-
cal cord, and fetus were preserved at a low temperature to prevent bacterial contamination. 
Consent was obtained from all donors.

Bone marrow samples were collected from patients with psoriasis who visited the 
Dermatological Department of Taiyuan Central Hospital and whose diagnosis was made us-
ing clinical and pathological methods. Nine patients were chosen including 5 males and 4 
females, aged 24-49 years, with a mean age of 37.8 years, and disease duration was between 
several months and approximately 20 years. No subjects had used immunosuppressors, cor-
ticosteroids, vitamin A acid, or antibiotics. Antibiotics could not be used for 3 months before 
the study.

Bone marrow was from normal subjects in the Hematology Department.
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Experiment reagents and instruments

CD34+ serum-free culture medium (Gibco, Grand Island, NY, USA), DMEM/F12 
culture medium (Hyclone, Logan, UT, USA), fetal calf serum (Hyclone), stem cell factor, in-
terleukin (IL)-3, HumanKine FLT3 ligand human (Sigma, St. Louis, MO, USA), lymphocyte 
separation medium (Tianjin Hao Yang Biological Manufacture Company, Tianjin, China), cul-
ture plates (Corning Inc., Corning, NY, USA), an inverted phase contrast microscope (Olym-
pus, Tokyo, Japan), an EPICS-XL fluorescence microscopy (FCM) apparatus (Beckman Coul-
ter, Brea, CA, USA), MidiMACS (Miltenyi Biotec), and clean bench (Suzhou Purification 
Equipment Company) were used in this study.

Experimental methods 

Separation and collection of bone marrow mononuclear cells (BMMCs)

Bone marrow was collected from the 4 limbs of the fetus. Embryo marrow was pro-
cessed using a previously described method (Zhang et al., 2009). Under aseptic conditions, we 
removed 4 long limb bones and used 0.9% normal saline to wash the bone marrow.

Next, 5 mL bone marrow samples were obtained from the posterior superior iliac spine 
of patients with psoriasis. Then, DMEM/F12 medium containing 10% fetal bovine serum was 
used to prepare a 1:2 dilution. Lymphocyte separation fluid density gradient centrifugation 
(2000 g, 20 min) was conducted and then the culture medium was washed once at 1000 rpm 
for 8 min to isolate BMMCs. The supernatant was subjected to density gradient centrifugation 
to isolate the BMMCs from patients with psoriasis and aborted fetuses. The cells (1 x 106/
mL) were mixed with DMEM/F12 culture fluid containing 10% fetal bovine serum, 100 U/
mL penicillin, and 0.1 mg/mL streptomycin. Twenty-four-well culture plates were used, and 
the volume of each well was 1 mL. The plates containing the culture supernatant were placed 
in a CO2 incubator at 37°C and 5% saturated humidity. After 72 h, the culture medium in 1 
well was subjected to FCM to determine the purity of BMMSCs. When the purity was more 
than 90%, the culture supernatant fluid collected and centrifuged at 2000 rpm for 15 min. A 
0.45-μm Millipore filter was used to filter the samples from each well and the samples were 
stored at -20°C.

Selection of CD34+ cells and identification using FCM

The MidiMACS apparatus was used to separate and select CD34+ cells (Zhang et 
al., 2004). First, 5 mL bone marrow from the posterior superior iliac spine of normal sub-
jects was used to prepare diluted samples in normal saline and was added to lymphocyte 
separation fluid at a ratio of 2:1. Density gradient centrifugation was conducted at room 
temperature at 2000 rpm for 20 min. The white membrane layer was carefully removed to 
fresh tubes and normal saline was used to wash the tubes, which were centrifuged again at 
1000 rpm for 8 min. According to the instructions of the RBC pyrolysis liquid kit, the cell 
suspension was divided and 100 μL 0.02% collagenase B was added. The tubes were shaken 
gently for 45 min at room temperature. The cells were passed over a 30-μm nylon net and 
the supernatant was collected by centrifugation at 1000 rpm for 8 min. According to the 
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requirements of the dead cell removal kit instructions, dead cells were removed from the 
cell suspension after the splitting of red blood cells; magnetic bead markers were added to 
CD34+ cells and MidiMACS was used to separate and select CD34+ cells. After selection, 
100 μL cells was removed for identification by FCM. Finally, the purity of CD34+ cells was 
found to be greater than 94%.

Culture of CD34+ cells under different culture conditions

Sorted CD34+ cells were added to the BMMSC culture supernatant from patients 
with psoriasis and aborted fetuses for 24 h. We used CD34+ cell serum-free medium contain-
ing 50 ng/mL stem cell factor, 20 ng/mL IL-3, 20 ng/mL FLT3 20, 100 U/mL penicillin, and 
100 μg/mL streptomycin, and the cell density was adjusted to 5000 cells/well. Cells were 
inoculated on 96-well culture plates at 100 μL per well, to which 80 μL CD34+ cells serum-
free medium containing cytokines are inoculated on the culture plates, and then 9 cases 20 
μL spare BMMSC cultural supernatant of patients with psoriasis and aborted fetus were 
added respectively; each sample uses 3 wells (one original well and two duplicated wells). 
In addition, we selected additional six wells to added CD34+ cells with serum-free medium 
culturing in a humidified incubator at 37°C with 5% CO2.

Comparison of the proliferation of CD34+ cells under different culture conditions 
using MTT colorimetric assay

An inverted microscope was used to observe the growth of cultured cells, including 
morphological changes and cell proliferation.

CD34+ cells were inoculated on a 96-well culture plate at 5000 cells/well; to each 
well, we added 80 μL CD34+ cell serum-free medium containing 50 ng/mL stem cell factors, 
20 mg/mL IL-3, 20 ng/mL FLT3, and 20 μL culture supernatant fluid. After 24 h, the MTT 
colorimetric method was used to compare proliferation activity.

The purity of bone marrow CD34+ cells and BMMSCs was determined using FCM, 
while the proliferation activity of bone marrow CD34+ cells was detected using an MTT colo-
rimetric assay.

The design of the experiment, data collection, implementation, and evaluation were 
conducted by the first author. Through systematic training, blinded evaluation was not used.

For statistical analysis, measurement data with normal distribution are reported as 
means ± SD, determined using the t-test with the SPSS16.0 software (SPSS, Inc., Chicago, 
IL, USA). When α = 0.05 or P < 0.05, the data was considered to be statistically significant.

RESULTS

Determination of BMMSC and CD34+ cell purity using FCM after separation and 
selection

In second-generation of BMMSCs, HLA-DR-FITC, CD45-PE, and CD34+-FITC 
were negative; CD29-PE and CD44-FITC were more than 90%. CD34+ cell purity after sepa-
ration and selection are shown in Figure 1.



478R.F. Liu et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (1): 474-482 (2015)

Cell growth observed using an inverted microscope

Using MidiMACS, we separated and selected CD34+ and added these cells to the 
BMMSC culture supernatant from patients with psoriasis and aborted fetuses. After inoculat-
ing the cells on 96-well culture plates, the CD34+ cells were round in shape (Figure 2). After 
24 h, the number of cells in the psoriasis patient group increased and showed growth; these 
cells were round (Figure 3). The same was observed in the aborted fetus group (Figure 4). The 
groups showed no significant difference under an inverted microscope.

Figure 1. Results of CD34+ cells purity flow identification.

Figure 2. After separation and selection of CD34+ cells, added into serum-free medium (HP, 100X).
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Figure 3. Addition of CD34+ cells to BMMSCs culture supernatant fluid of psoriasis patients group for 24 h (HP, 100X).

Figure 4. Addition of CD34+ cells to BMMSCs culture supernatant fluid of aborted fetus group for 24 h (HP, 100X).
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Impact of BMMSC culture supernatant on proliferative activity of bone marrow 
CD34+ cells from normal subjects 

We added the BMMSC culture supernatant from patients with psoriasis and aborted 
fetuses to CD34+ cells serum-free medium for 24 h and found no statistically significant dif-
ferences (P > 0.05).

The absorbance values determined in the MTT colorimetric assay of cells from the 
psoriasis patient group and the control group are shown in Table 1.

Groups Cases Proliferative activity means ± SD t p

Psoriasis patients 9 0.0453 ± 0.0029 -0.258 0.80
Aborted fetus 9 0.0456 ± 0.0035  

Table 1. Proliferative activity.

DISCUSSION

Recent studies have indicated that hematopoietic cells play a key role in the pathogen-
esis of psoriasis (Li et al., 2007; Wan et al., 2009) and that patients with psoriasis have an ab-
normal hematopoietic microenvironment and CD34+ cells (Niu et al., 2007; Zhang et al., 2007, 
2008; Li et al., 2009). BMMSCs are pluripotent cells that can be differentiated into bone cells, 
muscle cells, or endothelial cells, as well as other types of cells. These cells may be involved in 
immune responses, but may also secrete cytokines (Liu et al., 2009a,b), and may be involved in 
cell proliferation and differentiation, growth inhibition, apoptosis, chemotaxis, and voluntary 
movement (Wang et al., 2002; Ding et al., 2008; Toth et al., 2008; Yin et al., 2009). BMMSCs 
may also create a microenvironment for the proliferation and differentiation of bone marrow 
hematopoietic stem cells (Smart and Riley, 2008). A previous study showed that cytokines such 
as GM-CSF, IL-6, IL-7, IL-8, IL-11, IL-12, IL-14, and IL-15 secreted by BMMSCs can support 
the growth of hemopoietic progenitor cells (Deans and Moseley, 2000). We found no significant 
difference in the secretion level of GM-CSF, M-CSF, IL-7, and IL-11 in the psoriasis patient 
and aborted fetus groups as well as no differences in the immunological response and antigen-
presenting functions. By observing the impact of BMMSCs on the proliferation of CD34+ cells 
in both groups, we found no significant difference, which initially confirmed the previous stud-
ies examining both groups, laying a foundation for further studies.

Recent studies have identified differences in BMMSCs from aborted fetuses and 
adults in supporting hematopoietic functions (Sun and Yang, 2009), suggesting that BMMSCs 
in aborted fetuses and adults may show different biological characteristics and immune re-
sponses. However, we found some similarities in BMMSCs from patients with psoriasis and 
aborted fetuses, as well as some differences in the level of cytokine secretion in patients with 
psoriasis and adults. Particularly the level of cytokine secretion of patients with psoriasis was 
similar to that of aborted fetuses. BMMSCs are important components of the hematopoietic 
microenvironment and play an important role in the proliferation and differentiation of hema-
topoietic stem cells (McNiece and Briddell, 2001; Wang and Wang, 2003; Jiang et al., 2008; 
Guo et al., 2009; Shi et al., 2010). Because BMMSCs in patients with psoriasis show abnormal 
activity, hematopoietic stem cells in psoriatic patients may exhibit abnormal activity.
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