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Abstract. Objective: To explore the relationship between the expression of CD123 and CD96 and
prognosis in MDS. Methods: 89 MDS patients and 20 controls are enrolled. The patients are grouped
by the risk. All participants are detected by bone marrow biopsy. Mononuclear cells are extracted,
CD34+CD38-CD123+ and CD34+CD38-CD96+ cells are counted by flow cytometry. Expression of
the two types of cells in control group, observation group and its subgroups are analyzed. Results:
MDS patients display significantly larger proportion of CD34+ cells and CD34+CD38- cells than
that of controls (P<0.05) and the proportion increases with the risk. In the low-and middle-risk group,
the rates of complete remission (CR ) and partial remission (RR) are significantly higher in CD123-
CD96- cells than that in CD123+CD96+ cells. In the middle-and high-risk patients group, RR is
significantly higher in CD123- cells than that in CD123+ cells (P<0.05) and CR is significantly
higher in CD96- cells than that in CD96+ cells (P<0.05). Conclusion: The differentiation of CD34+
cells in bone marrow of MDS patients is abnormal, with the high expression of CD123 and CD96
cells. These findings might partly explain the cause of MDS patients with hematopoietic stem cells
malignant clone.

Introduction

Myelodysplastic syndromes (MDS) are a heterogen-ous group of clonal disorders. Bone marrow
cells with unilineage dysplasia or multilineage dysplasia exists ab-rrated in both of differentiation and
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development in patients with MDS. Clinical characteristics of MDS are hematopoietic dysplasia with
increased number of pro-aemocytes. It is more difficult to diagnose MDS at present, while it becomes
significant to find a marker for MDS clones in the early stage and to explore a new therapeutic
strategy [1]. A study reported trace amounts of leukemia stem cells (LSC) were found in the bone
marrow of patients with acute myeloid leukemia, which was the mainly reason for the recurrence of
leukemia and drug resistance [2]. Further studies found that there were two kinds of more specific
markers: CD34"CD38°CD123" and CD34"'CD38'CD96"[3]. Nowadays, whether MDS patients have
the similar special immunophenotype is a key point of the relevant researches. This study aims to
identify the relationship between the expression of CD123 and CD96 and prognosis of MDS patients.
The results are shown as follows.

Materials and Methods

Study Subjects. This study had obtained ethics committee approval by the ethics committee of the
hospital. 89 patients with MDS (54 males and 35 females, aged 33~79 years old, mean age 64.6+9.3
years old) were recruited as observation group from the hematology department of our hospital in the
period between July 2012 and June 2014. According to the diagnosis standard of “Standards for
diagnosis and curative effect of blood diseases”, the 89 cases included 43 patients with acquired
refractory anemia with excess blasts (RAEB) (28 RAEB-1, 15 RAEB-2), 22 patients with refractory
cytopenia with multilineage dysplasia (RCMD), 15 patients with refractory anemia with ring
sideroblast (RARS) and 9 patients with refractory anemia (RA). In accordance with the international
prognosis scoring system (IPSS), MDS patients were subgrouped by the risk. Thirty-two patients
were in the low-and middlel-risk group and fifty-seven were in the middle2- and high-risk group.
Meanwhile, 20 healthy subjects (12 males and 7males, aged 35~73, mean age 61.2+7.9) without
blood disease were enrolled as controls. All patients in the observation group were initially
diagnosed with MDS and control subjects had normal bone marrow. Individuals with the following
conditions were excluded from this study: O tumor-bearing status or had other tumors before; @
received radiotherapy or chemotherapy treatments; @ uninitial diagnosed with MDS and received
other treatments, such as traditional Chinese medicine, Tibetan medicine, etc. The study was
approved by the hospital ethics committee, and all subjects signed the informed consent.

Reagents and Equipment. PerCP-labelled mouse anti-people CD34 mAb; APC-labelled mouse
anti-people CD38 mADb; FITC-labelled mouse anti-people CD123 mAb; FITC-labelled mouse anti-
people CD96 mAb and their isotype matched control mAbs, respectively. Flow cytometry (EPICS
ALTRA). The above mentioned reagents and equipment were produced by Becton, Dickinson and
Company (BD)

Experiment Method. After the local anesthesia or multi subcutaneous anesthesia, bone marrow
(2ml) was extracted from anterior superior iliac spine and was drown into a heparin tube. Bone
marrow was filtered with 200 mesh copper grids, then the filtrate was divided into 100ul per tube.
CD34. CD48. CD9. CD114 and CD123 were separately added 20ul into test tubes before, and
then they were mixed with 100ul bone marrow. Their isotype control mAbs were separately added
20ul into negative control tubes, after that they were mixed uniformly with 100ul bone marrow. All
the mixed liquor was placed at 4 “C refrigerator and was taken out after 30 mins.. 2ml erythrocyte
lysis buffer was added to each tube, mixed uniformly, incubated for 10 mins. at 20°Cand centrifuged
for 10 mins at 2000r/min. The supernatant was discarded and the pellet was resuspended in 2ml
phosphate buffer (PBS), shaked vigorously, and centrifuged for 10 mins. at 2000r/min. The
supernatant was discarded and the pellet was resuspended in 0.3ml PBS. After washing again, it was
centrifuged for 10 mins. at 2000r/min. Filtering the cell suspension with 400 mesh copper grids, then
the filtrate was tested with flow cytometry. Cells collected were (5~10) x105 for each sample.
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Treatment and Evaluation Methods. All patients took oral preparation of cyclosporine A with
thalidomide as basic treatment: the initial dosage of cyclosporine A was 3mg/kg/d and thalidomide
was 200mg/d. After clinical observations on side effects of drugs, increasing 100mg every week if it
could be accepted, the maximum dose was 600mg/d. Additionally, the low-and middle-risk patients
group was treated with hematopoietic stimulating factors, such as erythropoietin (EPO) .
granulocyte colony-stimulating factor (G-CSF), and the middle-and high-risk patients group adopted
the IA chemotherapy (idarubicin 10mg/d1-3, cytarabine 200mg/d1-7), arsenotherapy, decitabine
treatment and other related symptomatic treatment. The judgment standard of therapeutic effect was
referred to ‘Standards for diagnosis and curative effect of blood diseases , including @ complete
remission (CR): clinical symptoms disappeared, blood routine went back to normal, myelogram went
back to normal or near-normal, the original naive cells were <<5%; (@ partial remission (PR):
clinical symptoms were relieved, unilineage dysplasia got back to normal at least, original naive
cells of myelogram were 5%~20%; (3 non-remission (NP): clinical symptoms were not relieved or
got worse, mutilineage dysplasia, the original nave cells of myelogram were >20%. Remission rate
(RR) = (case number of CR + case number of PR) / all casesx100%.

Statistic Analysis. Statistical analysis was performed by SPSS19.0 software. Measurement data
were analyzed by Paired Student's test. Those measurement data which did not match the normal
distribution were analyzed by Nonparametric Text. Enumeration data were tested with the chi-square

(x2) goodness-of-fit test. All the data were in the form of (x£s) . P<0.05 indicated a statistically
significant difference.

Results

The Proportion of CD34+ Cells and CD34+CD38- Cells in  Each Group of Subjects. Bone
marrow mononuclear cells of MDS patients displayed significantly larger proportion of CD34" cells
and CD34'CD38/ CD34" cells than that of normal controls (P < 0.05). In the middle2-and high-risk
patients group, the proportion of CD34" cells and CD34"CD387/ CD34" cells was significantly larger
than that of the low-and middle-risk patients group (P<0.05) (Table 1).

TABLE 1 THE PROPORTION OF CD34" CELLS AND CD34"CD38 CELLS IN EACH GROUP OF SUBJECTS (%)

Group Type n CD34" CE.)/BCA'D%:‘BBB
Control group 20 0.48+£0.11 7.44+1.91
Observation group 89 6.85+3.42* 23122 +
Low-and  middlel
risk patients group 32 2.44+1.07 13.494+3.55
Middle2-and  high 29.64 +
risk patients group 57 8.69+2.31# 4.83#

Note: Compared with the control group, *P<<0.05; compared with the low-and middlel risk patients group, *P<<0.05

The Proportion of CD34+CD38- cells and CD123+CD96+ Cells in Each Group of Subjects.
The expression rates of CD34"CD38'CD123" /CD34°CD38 and CD34'CD38°CD96*/ CD34'CD38
were significantly higher in MDS patients than that in normal controls (P<0.05). In the middle2-and
high-risk patients group, the proportion of CD34'CD38'CD123" CD34'CD38 and CD34'CD38
CD96°/ CD34'CD38" was significantly larger than that of the low-and middlel-risk patients group
(P<0.05) (Table 2).
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TABLE 2 THE PROPORTION OF CD123" AND CD96* CELLS AMONG CD34"CD38 CELLS IN EACH GROUP OF

SUBJECTS (%)
CD34'CD38" CD34'CD38
Group Type n CD123"/ CD96"/
CD34'CD38 CD34°CD38
Control group 20 8.76 £6.47 10.82+4.69
Observation - -
oroup 89 32.944+9.28 23.41+8.06
Low-and
middlel risk 32 16.30+5.83* 1253+7.11
patients group
Middle2-and
high risk 57 38.424+8.70* 27.651-8.49*
patients group

Note: Compared with the control group, *P<<0.05; compared with the low-and middlel risk patients group, *P<<0.05

TABLE 3 THE THERAPEUTIC EFFECT OF TWO SUBGROUPS|N, (%0)]

Group Type n CR PR NR RR
Low-and middlel risk
. 32 12(37.50) 15(46.88) 5(15.63) 27(84.38)
patients group
Middle2-and high risk
. 57 12(21.05) 28(49.12) 17(29.82) 40(70.18)
patients group

TABLE 4 THE THERAPEUTIC EFFECT OF DIFFERENT SUBTYPES OF CD34*CD38" IN THE LOW-AND MIDDLEL RISK PATIENTS

GROUP [N, (%)]

Group Type n CR PR NR RR
CD34°CD38'CD123" 21 5(23.81) 11(52.38) 5(23.81) 16(76.19)
CD34'CD38'CD123 1 7(63.64)* 4(36.36) 0(0) 11(100.00)*
CD34'CD38'CD96" 18 4(22.22) 10(55.56) 4(22.22) 14(77.78)
CD34°CD38'CD96 16 8(50.00)# 7(43.75) 1(6.25)# 15(93.75)#

TABLE 5 THE THERAPEUTIC EFFECT OF DIFFERENT SUBTYPES OF CD34* CD38" IN THE MIDDLE2-AND HIGH
RISK PATIENTS

GROUP [N, (%)]

Group Type n CR PR NR RR
CD34'CD38'CD123" 31 5(16.13) 14(45.16) 12(38.71) 19(61.29)
CD34°CD38'CD123° 26 7(26.92) 14(53.85) 5(19.23)* 21(80.77)*
CD34'CD38'CD9%6" 36 5(13.89) 19(52.78) 12(33.33) 24(66.67)
CD34"CD38'CDY6 21 7(33.33)i 9(42.86) 5(23.81) 16(76.19)

Lineage Dysplasia from Unilineage Dysplasia, 3 Subjects Transformed into AML) (Table3).
In the Low-and Middlel- The Comparison of two Subgroups of the Observation Group. In the
low-and middlel-risk patients group, there were 12 cured subjects and 5 non-remission subjects (3
subjects transformed into RAEB from RA, 2 subjects transformed into AML); in the middle2-and
high-risk patients group, there were 12 cured subjects and 17 non-remission subjects (6 subjects
transformed into three-lineage dysplasia from two-lineage dysplasia, 4 subjects transformed into
two-lineage dysplasia from unilineage dysplasia, 4 subjects transformed into three-lineage dysplasia
from unilineage dysplasia, 3 subjects transformed into AML) (Table3). In the low-and middlel-risk
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patients group, CR and RR were significantly higher in CD34'CD38'CD123 and CD34°'CD38
CD96" cells than that in the CD34"CD38CD123" and CD34'CD38CD96" cells (Table4). In the
middle2-and high-risk patients group, RR was significantly higher in the CD34"CD38'CD123" cells
than that in the CD34°CD38CD123" cells (P<0.05) and CR was significantly higher in the
CD34"CD38°CD96" cells than that in the CD34"CD38°CD96" cells (P<0.05) (Table5).

Discussion

Myelodysplastic syndromes refers to a heterogeneous group of closely related clonal hematopoietic
disorders. As a preleukemia statement, MDS can develop into acute myeloid leukemia (AML) [1]. It
is difficult to diagnose MDS at present because part of patients do not show a change of cytogenetics
and the number of prohaemocytes and dysplasia is increased [1,5]. In recent years, CD123 and CD96
were found to overexpress in studies about hematological malignances, such as AML and ALL-B
[6,7]. Their expression level could not only reflect the initial cells proliferation but also indicate the
preliminary estimation for adverse reactions of patients. Christopher et al. reported that the
immunophenotype of CD34 and CD38 on the surface of leukemia stem cells were CD34"CD38" and
90% of CD34°CD38" cells express CD123[8], while CD34°CD38" cells hardly express CD123 with
normal physiological state. Therefore it could be speculated that CD123 might be the marker of LSC
statement. During the examination of the immunophenotype of CD34'CD38 in AML patients,
DeSmet et al. found that CD96 highly expressed in CD34°CD38" cells, however, normal hema-
topoietic stem cells could not detect the expression of CD96 [9]. In an animal experiment, Wilke
divided CD34+CD38- cells into two groups: CD34'CD38'CD96" cells and CD34+CD38-CD96- cells,
then they were transplanted separately into beagle dogs. The result showed that only with
CD34°CD38'CD96" cells, the beagle dog acquired AML, so they concluded that CD96 could be the
marker for identifying LSC [10].

To test whether LSC was the cause of MDS transforming into AML in patients, our study
detected the immunophenotype of mononuclear cells from the bone marrow in 89 patients with MDS
and 20 healthy controls. The result turned out that the proportion of CD34" cells and CD34°CD38
cells in the observation group was significantly larger than the control group (P < 0.05). This result
was consistent with the findings of Rollins-Raval [11]. It indicated that CD34" abnormally
differentiated in patients with MDS and it was correlated with the risk. In the middle2-and high-risk
patients group, the proportion of CD34+CD38- cells was significantly larger than that in the low-and
middle-risk patients group (P < 0.05). It hinted that a positive correlation between the expression of
CD34'CD38 cells and the risk of AML. Further study found that the expression rates of
CD34+CD38-CD123" /CD34'CD38 and CD34°'CD38CD96'/ CD34'CD38 were significantly
higher in MDS patients than that in controls (P < 0.05), which was similar to the results of Fromm
[12]. Those findings gave us the clue that MDS patients had stem cells similar to LSC. That MDS
turned into AML was probably due to the existence of CD123 and CD96 on the surface of
CD34°CD38 cells and that may be associated with malignant clones of hematopoietic stem cells in
MDS patients. The expression of CD34+CD38- CD123+ cells and CD34'CD38CD96" cells was
associated with the risk, which was the same as CD34'CD38" cells. And there was no significant
difference between the low-and middlel-risk patients group and the control group in the expression of
CD34°CD38CD96" cells (P>0.05). On the contrary, CD34°CD38CD123" cells were significantly
more than the control group (P<0.05). It indicated that CD123 was more sensitive and effective for
the classification of the risk.

This study also did a statistic analysis in the prognosis of MDS patients. The result showed that in
the low-and middle-risk patients group, the proportion of CR and RR were significantly larger in
patients with CD34°CD38°CD123 and CD34'CD38CD96" cells than with the CD34"CD38°CD123"
and CD34°CD38'CD96" cells. In the middle2-and high-risk patients group, RR rate was significantly
higher in the CD34+CD38-CD123- cells than that in the CD34"CD38CD123" cells (P < 0.05) and
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CR rate was significantly higher in the CD34°CD38°CD96 cells than that in the CD34"CD38°CD96"
cells (P < 0.05). All of these indicated that patients with CD123"/ CD96" developed drug resistance on
hematopoietic stimulating factors or chemotherapeutic drugs and initially detected the prognosis of
patients by CD123 and CD96.

Conclusions

CD34+ cells are differentiated abnormally in the bone marrow of patients with MDS, in which
CD123 and CD96 are highly expressed. These findings might partly explain the existence of
malignant clones in hematopoietic stem cells in MDS patients.
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