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Abstract 

We aimed to detect clonal cytogenetic abnormalities in persistent cytopenia by fluorescence in 

situ hybridization (FISH) and polymerase chain reaction (PCR) to assess their relations with 

degree of dysplasia and prognosis. The present study is a cohort prospective study that was 

conducted on 40 patients with persistent pancytopenia from Ain Shams University 

Hematology/Oncology clinics. The selection criteria included patients with normal karyotype. 

Fluorescence in situ hybridization technique was applied using routine probes of MDS (LSI 

5q31-q33, LSI 7q33, LSI 17p13, LSI 11q23). Molecular analysis using real time PCR was 

applied for detection of p53 mutation. The present study revealed 18 patients (45%) with 

normal cytogenetic analysis by FISH. The most common gene deformity detected is del 17p 

in four cases (10%), followed by del 5q31 (7.5%), del 7q31 (7.5%), and complex chromosomal 

abnormalities in the form of del 5q31, del 7q31 and  del17p in 2 patients (5%), On the other 

hand, real time PCR analysis for p53 mutation revealed eight cases (20%) positive for P53 

mutation, out of them, five cases (12.5%) showed heterozygous mutation and three cases 

showed homozygous mutation (7.5%). Notably, Patients with poor prognosis had significantly 

higher frequencies of TP53 mutations (50% versus 0 %, p =0.01). There was no significant 

association between prognosis and FISH findings. A considerable proportion of the patients 

with MDS exhibit chromosomal abnormalities using FISH analysis, even if they have normal 

karyotype. Likewise, we found that TP53 presented a significant prognostic role in patients 

with MDS. Thus, integrating karyotyping, FISH and PCR analysis for TP53 mutation will add 

value to the diagnostic workup of suspected patients as MDS. 

 

Keywords: Myelodysplastic syndrome; Persistent cytopenia; Fluorescence in situ 
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1. Introduction 

Myelodysplastic syndromes (MDS) are a 

subset of myeloid malignancies with a 

wide range of natural histories (1). In the 

United States, three or four people out of 

100,000 are diagnosed with MDS  (2). The 

prevalence of the disease rises with age; the 

rate is seven to 35 per 100,000 people aged 

60 and above. Males are more often 

affected by MDS than females (3). MDS 

may be triggered by previous 

chemotherapy or radiation therapy. MDS 

was previously thought to be caused by 

uncontrolled apoptosis in the 

hematopoietic compartment, which 

resulted in cell death and cytopenia (4). 

Several important studies documenting the 

prevalence and clinical effects of various 

genetic lesions in MDS have been 

published in the last decade (5,6). Bejar et 

al. was the first study on 439 patients that 

looked at 18 genes using various 

techniques (7,8). Following that, two large 

studies analyzed more genes and identified 

the mutational environment of MDS in 

greater detail (5). In a cohort of 738 

patients, an European consortium used 

next-generation sequencing technologies 

to analyze mutations in 111 genes (5). 

Since then, several studies have 

been described the mutational 

environment of MDS and its possible 

prognostic and therapeutic consequences 

(9,10). Despite the variability of some of 

these findings, mutations in genes like 

RUNX1, TP53, or EZH2 have been linked 

to a poor prognosis, while mutations in the 

splicing factor SF3B1 have been linked to 

a very good prognosis and long survival 

(10–13). Since the number of mutations 

and gene interactions is likely to influence 

prognosis, further evidence is needed to 

validate and incorporate genomic testing 

throughout the clinical environment. These 

new findings would greatly affect our 

ability to prognosticate MDS patients and 

their treatment protocols. Owing to this 

scarcity in the published literature, we here 

aimed to perform a most detailed 

investigation of clonal cytogenetic 

evolution in a large cohort of 40 patients 

with persistent cytopenias and healthy 

controls. Our study aimed to detect clonal 

cytogenetic abnormalities in persistent 

cytopenia by fluorescence in situ 

hybridization (FISH) and assess their 

relations with a degree of dysplasia and 

prognosis to characterize clonal evolution 

patterns in detail. 

2. Materials and Methods 

We confirm that all study’s procedures did 

not violate any of the principles of the 

Declaration of Helsinki and other 

regulatory rules. The study’s protocol 

gained the ethical approval of IRB 

committee of Al-Azhar and Ain Shams 

Universities. 

2.1 Study design: 

The present study is a cohort prospective 

study that was conducted on 40 patients 

with persistent cytopenia. They were 

selected from Ain Shams University 

Hematology/Oncology clinics through the 

period from January to December 2019. 

Patients were deemed eligible if they aged 

more than 18 years old. Other inclusion 

criteria include persistent unexplained 

peripheral blood cytopenia for ≥6 months, 

normal karyotyping, presence of dysplastic 

features in peripheral blood and /or bone 

marrow, bone marrow blasts <20%, and 

negative for t(8;21), t(15;17), and/ or 

t(16;16)/inv 16 if acute leukemia with 

blasts <20% is suspected, We excluded 

patients with post transfusion sustainable 

recovery from cytopenia. 

 

2.2 Method: 

All patients were subjected to detailed 

history and clinical examination. Two mL 

of peripheral blood and bone marrow (BM) 

aspirate were collected from each patient 

under complete aseptic conditions. The PB 

was used for CBC and reticulocyte count 

One ml on EDTA for PCR, and one ml in 

a sterile preservative free heparin coated 
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vacutainer for karyotyping and FISH 

technique. Few drops were used for 

making BM films stained with Leishman.  

All the patients were subjected to complete 

blood count (CBC) using Sysmex-XT with 

identification of grade of cytopenia, 

reticulocyte count, microscopic 

examination of Leishman’s-stained 

peripheral blood and bone marrow slides 

for dysplastic features and assessment of 

blast cell count, Prussian Blue stain for 

assessment of iron stores and detection of 

ring sideroblasts. 

For detection of p53 abnormalities, FISH 

was applied using LSI 17p13 probe, and   

molecular analysis using real timer 

polymerase chain reaction (PCR) for TP53 

mutation. (Figure 3 and 4). 

2.3 Patient’s Outcomes: 

Follow up of all patients was done using 

CBC, bone marrow, cytogenetic and 

molecular analysis. The association 

between the patient’s outcome and 

chromosomal abnormalities detected by 

FISH and TP53 mutation was studied. 

 

2.4 Statistical analysis: 

We employed descriptive quantitative 

statistics to describe the patients’ age, CBC 

findings, and microscopic examination of 

peripheral blood and bone marrow slides. 

While frequencies were used to describe 

gender, MDS grade, WHO grade of 

cytopenias, prevalence of FISH 

abnormalities, presence of TP53 mutation, 

and prognosis. The hypothesis of 

significant association between the 

FISH/TP53 abnormalities with patients’ 

age, CBC findings, and microscopic 

examination of peripheral blood and bone 

marrow slides were tested using 

independent t-test or Mann-Whitney test, 

based on data distribution. While the 

hypothesis of significant association 

between the FISH/TP53 abnormalities 

gender, MDS grade, WHO grade of 

cytopenias, and prognosis was assessed 

with the Chi-square test, with Fisher exact 

correction when needed. Retrieved data 

were processed with IBM SPSS statistical 

software (version 25). P-value <0.05 was 

regarded as statistically significant. 

 

3. Results 

The distribution of all patients was selected 

from Ain Shams University 

Hematology/Oncology clinics. The present 

study was a cohort prospective study that 

was conducted on 40 patients with 

persistent cytopenia. The mean age of the 

included patients was 67 ±7 years old and 

80% of the patients were males. The mean 

hemoglobin level was 7.6± 0.9mg/dL. The 

mean total leukocyte count (TLC) in our 

patient was 4± 1.5cell /mm3. The platelet 

count showed variations of 

thrombocytopenia and thrombocytosis 

with a mean of 127.9± 107.3. Twenty-five 

patients (62.5%) were graded as grade III. 

In our patients under study, the mean 

peripheral blood blast cells were 1 +3. Also 

under peripheral blood films, we found 20 

cases (50%) of our studied patients showed 

pelger huet cells. Bone marrow slides 

examined by iron stain (iron stores), 32 of 

cases showed increase in iron stores (80%). 

Only five cases showed ring sideroblast. 

Twenty-nine patients (72.5) classified as 

MDS with multi-leanage dysplasia (Table 

1). 

In our patients under study, we found that 

22 cases (55%) show normal gene 

expression by FISH. The most common 

gene deformity detected is del 17p in four 

cases (10%), followed by del 5q31 (7.5%), 

del 7q31 (7.5%), and del5q, del7q, del 17p 

complex (5%), Figure 3. On the other hand, 

eight cases (20%) showed P53 mutation, in 

which five cases (12.5%) showed 

heterozygous mutation and three cases 

showed homozygous mutation (7.5%), 

Figure 4. Concerning the prognosis, four 

cases (10%) were completely remitted, and 

twelve patients (30%) gave stable disease 

with hematological improvement. 
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                                                (A)                                                             (B) 

 

Figure (1): A: FISH analysis positive for heterozygous 7q31 deletion identified by the presence of one 

red signal only representing region 1 band 3 of one copy of chromosome 7, while the other is deleted. 

The 2 green signals represent the 2 centromeres of both copies of chromosome 7; B: FISH analysis 

negative for 7q31 deletion identified by the presence of two red signals representing region 1 band 3 

of both copies of chromosome 7, The 2 green signals represent the 2 centromeres of both copies of 

chromosome 7.                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                (A)                                                             (B) 

 

Figure (2): A: FISH analysis positive for 11q23 rearrangements identified by the presence of one red, 

1 green and 1 yellow; B: FISH analysis negative for 11q23 rearrangements identified by the presence 

of two yellow signals. 
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Figure (3): Homozygous mutation of P53 gene detected by real time PCR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): Heterozygous mutation of P53 gene detected by real time PCR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): Percentage of gene mutation detected by FISH.  
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Figure (6): p53 mutation by PCR. 

 

 

 

Table (1): Socio-demographic and laboratory parameters of the studied population. 

 

 Cases (40) 

Age, mean ±SD 67 ±7 

Male, No. (%) 32 (80%) 

HB, mean ±SD 7.6 ± 0.9 

Total leucocyte count, mean ±SD 4.0 ± 1.5 

Platelet, mean ±SD 127.9 ± 107.3 

Grade, No. (%) 

Grade 1 10 (25%) 

Grade 2 5 (12.5%) 

Grade 3 25 (62.5%) 

PB Blasts 
mean ± SD 

Mode (range) 

1 ± 3 

0 (0-12) 

BM Blasts 
(mean ± SD) 

Mode (range) 

4 ± 3 

3 (1-15) 

Pelger Huet, No (%) 
Negative 20 (50%) 

Positive 20 (50%) 

Dysplastic lineages, No. (%) 

1 5 (12.5%) 

2 12 (30%) 

3 23 (57.5%) 

Iron stain (Iron stores), No. (%) 
Negative 32 (80%) 

Positive 8 (20%) 

Iron Stain Ring sideroblasts 
mean ± SD 

Mode (range) 

28 ± 11 

19a (19-45) 

On the other hand, six cases (15%) did not 

respond to treatment and other six cases 

(15%) relapsed after remission. Eight cases 

(20%) progressed to AML and four cases 
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(10%) died (bad prognosis). Thus, 60% of 

cases gave bad prognosis. Patients with 

poor prognosis had significantly lower 

TLC (p =0.04), platelets count (p =0.03), 

pelger huet cells (p =0.05), higher 

dysplastic lineage (p =0.05), and increased 

iron stores in bone marrow (p =0.02). 

Notably, Patients with poor prognosis had 

significantly higher frequencies of TP53 

mutations (50% versus 0 %, p =0.01). 

There was no significant association 

between prognosis and FISH findings, 

Table 2. On the other hand, patients with 

abnormal FISH analysis had lower 

peripheral blood blast (p =0.01), BM blast 

(p =0.02), and increased iron stores in bone 

marrow (p =0.03), Table 3. 

 

4. Discussion  

The role of cytogenetic studies in the 

assessment of MDS patients has gained 

momentum over the past few years. The 

cytogenetic studies can represent a tool in 

the diagnostic algorithm of MDS and can 

implicate a prognostic significance. An 

increased number of studies showed that 

clonal cytogenetic abnormalities can act as 

crucial variables in the risk stratification 

models for MDS (14). Nonetheless, only 

few studies have assessed the prevalence of 

clonal cytogenetic abnormalities in MDS 

and their association with other prognostic 

indicators. In the present study, we tried to 

shed the light on the clonal cytogenetic 

abnormalities in persistent cytopenia by 

FISH and to assess their relations with 

degree of dysplasia and prognosis. 

The current study was applied on suspected 

MDS patients with normal karyotyping. 

Previous studies showed that FISH 

technique showed higher sensitivity in 

detecting chromosomal abnormalities than 

karyotyping, may be referred to expansion 

of normal clone, cryptic, or submicroscopic 

chromosomal aberrations. Thus, FISH can 

play critical role in identifying cytogenetic 

abnormalities in MDS, even among 

apparently chromosomally normal patients 

(15). In the present study, the frequency of 

FISH abnormalities was 45%. The most 

commonly encountered abnormalities were 

del 17p (10%), del5q31(Sole anomaly) 

(7.5%), del 7q31 (7.5%), and del5q, del7q, 

del17p (complex) (5%). Such findings 

highlight that clonal abnormalities defects 

play a pathogenetic role in the development 

of MDS, the presence of normal karyotype 

in patients with persistent cytopenia does 

not reflect an accurate chromosomal 

analysis. In line with our findings, Cao and 

colleagues (16) reported a prevalence of 

48% among MDS patients by FISH. The 

most common of these abnormalities were 

-5/5q- (15%) and 20q-, +8 (12%). 

Similarly, Gao and colleagues (17) 

reported a prevalence of 40% by FISH 

analysis, mainly in the form of -5/5q- and -

7/7q-. In  Cai and colleagues (18) and 

Zakhia and colleagues (19) studies, the 

prevalence of cytogenetic abnormalities, 

detected by FISH, was 56.8% and 30%, 

respectively. Other reports showed a 

prevalence of 32% (20). Notably, Horiike 

and colleagues (21) reported a prevalence 

of 60%. This higher frequency in Horiike 

and colleagues’ study may be attributed to 

the methodological difference in FISH 

technique or differences in patients’ 

characteristics. 

It is well-established that TP53 plays a 

detrimental role in the response of the cells 

to cytotoxic agents. Dysregulated TP53 

was found to be closely related to the 

impaired apoptotic response and 

unfavorable cellular behavior. TP53 gene 

defects were also found to increase 

significantly in patients with hematological 

malignancies (22). In the present study, we 

found that the frequency of TP53 mutations 

was 20%, 12.5% were heterozygous and 

7.5% were homozygous mutations. This 

comes in agreement with Jädersten and 

colleagues (23), who found a prevalence of 

18% in patients with low-risk MDS.  
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Table (2): Prognosis versus all data collected and laboratory investigations done.  

 Good 

prognosis 

n= 16 (40%) 

poor 

prognosis 

n= 24 (60%) 

p- 

value* 

Age (mean + SD) 65.19 + 8.1 67.8 ± 5.6 0.2 

Gender  F 5 (31.3%) 3 (12.5%) 0.2 

M 11 (68.8%) 21 (87.5%) 

Hb (mean + SD) 7.6 ± 0.9 7.6 ± 1 0.8 

Total leucocyte count (mean + SD) 4.6 ± 1.5 3.7 ± 1.4 0.04 

Platelet (mean + SD) 170.4± 

151.4 

99.7 ± 49 0.03 

PB Blasts   0.06 ± 0.25 1.54 ± 3.375 0.09 

BM Blasts (mean + SD) 3.06 ±1.0 4.1±3.9 0.2 

Pelger Huet Negative 11 (68.8%) 9 (37.5%) 0.05 

Positive 5 (31.3%) 15 (62.5%) 

Dysplastic 

lineages 

1 4 (25.0%) 1 (4.2%) 0.05 

2 6 (37.5%) 6 (25%) 

3 6 (37.5%) 17 (70.8%) 

Iron stain (Iron 

stores) 

Increases store 10 (62.5%) 22 (91.7%) 0.02 

Normal 6 (37.5%) 2 (8.3%) 

Iron Stain Ring sidero-blasts (mean + 

SD) 

28 + 14 27 + 6 0.9 

FISH Abnormality 6 (37.5%) 12 (50%) 0.5 

Normal 10 (62.5%) 12 (50%) 

PCR Positive p53 

mutation 

0 (0%)  8(33.3%) 0.01 

Negative p53 

mutation 

16 (100%) 16 (66.7%) 
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Table (3): All data collected and laboratory finding versus chromosomal patterns. 

 

Likewise, Belickova and colleagues (24) 

reported that the TP53 mutations were 

found in 13% of MDS patients. Other 

reports showed a prevalence of 17% (25) 

and 9.4% (26). In a large cohort of 3324 

MDS patients, it was found that 378 

individuals (11.3%) had TP53 mutations 

(27). The overall higher incidence in our 

study is possibly due to the sensitive 

technique and also sequencing of the whole 

gene. 

Cytogenetic abnormalities in FISH analysis 

carry significant prognostic implications in 

wide range of hematological and non-

hematological conditions. Previous reports 

showed that cytogenetic abnormalities in 

FISH analysis were correlated with relapse, 

progression, and shorter overall survival 

(28). However, the present study although 

there was no significance associated 

between prognosis and FISH findings. We 

found that :(del 17p) four cases (10%) 

showed bad prognosis, (del 5q31) three 

cases (7.5%) showed good prognosis, (del 

7q31) three cases (7.5%) showed bad 

prognosis, two cases express (del5q, del7q, 

del 17p complex) (5%) showed poor 

prognosis, (del 5q33) Two cases (2%) show 

good prognosis.  

Also, Trisomy 8 (good prognostic), del13q 

(bad prognostic), (del11q23)   bad 

prognostic ,3q26 rearrangements (bad 

prognostic), that each of them was 

expressed in only one case (2.5% for each 

type). This may be referred to several or 

versed types and subtypes of FISH results 

in correlation to the number of patients 

under study. Such findings are similar to 

the previous reports by Zakhia and 

 

Chromosomal 

abnormality 

N= 18 

Normal 

N=22 

p-

value 

Age 66 ± 7 67 ± 6 0.6 

Gender 
F 4(22.2%) 4(18.2%) 

0.7 
M 14(77.8%) 18(81.8%) 

Hb (mean + SD) 7.7 ± 1 7.6 ± 0.8 0.7 

Total leucocyte count (mean + SD) 3.7± 1.3 4.4 ± 1.6 0.1 

Platelet (mean + SD) 139.3 ± 153.4  118.6±45.9 0.5 

PB Blasts (mean + SD) 2.06 ±3.780 0.05±0.213 0.01 

BM Blasts (mean + SD) 5± 4 3 ± 1 0.02 

Pelger Huet 
N 7(38.9%) 13(59.1%) 

0.2 
Positive 11(61.1%) 9(40.9%) 

Dysplastic 

lineages 

1 2(11.1%) 3(13.6%) 

0.9 2 5(27.8%) 7(31.8%) 

3 11(61.1%) 12(54.5%) 

Iron stain (Iron 

stores) 

IS 17(94.4%) 15(68.2%) 
0.03 

N 1(5.6%) 7(31.8%) 

Iron Stain Ring sideroblasts 27 ± 6 28 ± 14 0.9 

Prognosis 
Good 6 (37.5%) 12 (50%) 

0.5 
Poor 10 (62.5%) 12 (50%) 

PCR 

Positive p53 

mutation 
6 (33.3%) 2 (9.1%) 

0.05 
Negative 

p53mutation 
12 (66.7%) 20 (90.9%) 
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colleagues (19) and Makishima and 

colleagues (29). 

A growing body of evidence showed that 

TP53 mutations carry a significant 

prognostic role and its correlated with poor 

outcomes, mainly due to  its dysregulation 

impacts on cell cycle and apoptosis (22,26). 

In the present study, we found a statistically 

significant association between TP53 

mutation and poor prognosis. All patients 

with TP53 mutation had poor prognosis, 

compared to 50% of the patients without 

mutations. In concordance with our 

findings, Haase and colleagues (30) 

reported that TP53 mutations were 

independent predictors of poor survival. 

According to Sebaa and colleagues (25), 

TP53 mutations were associated with 

shorter survival. Similar findings were 

reported by Kulasekararaj and colleagues 

(26), Duarte and colleagues (31), Kim and 

colleagues (32), and Kita-Sasai and 

colleagues (33). In a large cohort study of 

3307 patients, it was found that TP53 

mutations were independent predictors of 

poor survival (34). Another cohort over 

3324 patients noted similar results (27). A 

reduced expression of TP53 after 

phosphorylation presumably indicated 

impaired downstream signaling of DNA 

damage and/or defects in downstream 

components of the DDR (22). 

 

5. Conclusion:  

In conclusion, a considerable proportion of 

the patients with MDS exhibit 

chromosomal abnormalities using FISH 

analysis, even if they have previous normal 

karyotype analysis. Likewise, we found 

that TP53 posed a significant prognostic 

role in patients with MDS. Thus, 

integrating chromosomal analysis by FISH 

and TP53 mutation analysis by PCR should 

add great value in the diagnostic workup of 

suspected MDS patients. Moreover, 

patients with TP53 abnormalities should be 

considered for alternative management 

strategies, since they are at higher risks of 

unfavorable prognosis. 
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