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Introduction
Acute leukemias are broadly described by 
differentiation into myeloid or lymphoid lineages 
according to the expression of surface and/or 
cytoplasmic markers associated with their normal 
myeloid or B‑cell and T‑cell counterparts [1]. Acute 
myeloid leukemia  (AML) is an aggressive disorder 
characterized by accumulation of blast cells in bone 
marrow  (BM). AML is the most common acute 
leukemia affecting adults, and its incidence increases 
with age. The heterogeneous phenotype of AML 
is based on cytogenetic mutations and molecular 
aberrations. Several observations have reported that 
several T‑cell immunophenotypic markers might be 
aberrantly expressed in AML [2].

Immunophenotyping is a convenient method for quick 
and reproducible diagnosis of most hematological 
malignancies  [1]. Immunophenotyping data, as for 
any other clinical or biological characteristics of acute 
leukemia, cannot be used alone and must be considered 
together with all parameters of any patient [3].

Aberrant antigen expression was reported to have 
variable frequency with controversial prognostic 
and predictive relevance  [4,5]. The higher frequency 
of aberrant expression of lymphoid markers in 
AML may be related to environmental changes and 
accumulation of biological defects  [6]. In AML, 
characteristic antigens have been related to particular 
morphological French‑American British Cooperative 
Group  (FAB) subtypes. It was associated with the 
presence of recurrent genetic abnormalities  [7], such 
as AML‑M2 with t  (8;21), which shows aberrant 
expression of lymphoid markers, including CD19 and 
CD56; another one is co‑expression of CD2 in M4E 
with inv (16) or t (16;16), although not specific for this 
type of AML [8]. AML‑M5 with t (9;11) is reported 
to have high expression of CD56 [9].
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The CD7, a T‑cell antigen, is expressed in a minority 
of patients with AML, and it is the most common 
aberrant marker found in AML in most studies  [6]. 
The CD7 gene has been mapped to chromosome 17 by 
somatic cell hybridization and is formed of four exons 
that span 3.5 kb  [10]. The CD7 may be consistently 
associated with an early step of myeloid differentiation 
and perhaps expressed in rare precursors, which is 
difficult to detect in normal conditions. It was suggested 
that the CD7 expression must no longer be considered 
as T‑lineage specific antigen because its sensitivity is 
not absolute, as this antigen can be detected with high 
frequency in AML [11].

Aim
The aim of this work was to determine the frequency of 
CD7 expression in AML flow cytometry and to verify 
if this aberrant expression is true or false by using an 
independent method that does not rely on monoclonal 
antibodies  (moAbs) to check the gene expression, 
namely, reverse transcriptase (RT)‑PCR.

Patients and methods
This study was a cross‑sectional study. The study 
included 32 newly diagnosed patients with AML. The 
patients were recruited to the Clinical Hematology 
Unit of Assiut University Hospital, Assiut University, 
during a 1‑year period  (2015–2016). The study was 
approved by the institutional review board, and 
informed consents were obtained from the patients. 
This study did not include relapsed or recurrent cases 
of acute leukemia.

At diagnosis, all patients were subjected to medical 
history taking  (fever, bleeding tendency, therapeutic 
history, and blood transfusion) and clinical 
examination (organomegaly and lymphadenopathy). In 
addition, they underwent the following investigations: 
full blood picture  (CELL‑DYN 1700; Abbott 
Diagnostics, Abbott Park, Illinois, USA), erythrocyte 
sedimentation rate  (ESR), serum calcium level, liver 
functions test and kidney functions test, coagulation 
profile, BM examination, and coagulation profile. 
Flow cytometric immunophenotyping analysis of 
bone marrow aspirate (BMA) samples was done using 
3‑color flow cytometer. CD7 expression‑positive 
AML cases were subjected to RT‑PCR to determine 
CD7 gene expression. AML cases included in this 
study were classified according to FAB criteria.

Blood samples
The analyzed samples were either of peripheral 

blood  (PB) or BMA according to availability and 
presence of blast cells in considerable percentage.

(1) PB samples: 2 ml of venous blood was withdrawn 
into EDTA tube for complete blood count.

(2) BM Samples: BMA sample of 0.5–1  ml was 
collected in EDTA tube for flow cytometry. 
Isolation of mononuclear cells from BMA or PB 
samples of CD7‑positive cases within 24  h of 
sample collection was done for quantitative PCR.

Morphological examination
For morphologic examination, all BMA/PB smears 
were air dried and subsequently stained with Leishman’s 
stain to be examined microscopically.

Enzyme cytochemical analysis
All BMA/PB smears were stained using 
myeloperoxidase  (MPO), periodic acid‑Schiff, and 
nonspecific esterase cytochemical stains.

Immunophenotyping analysis
Immunophenotyping was done by 3‑color flow 
cytometric analysis of BMA with Becton‑Dickinson 
fluorescence activated cell sorter  (BD FACSCalibur, 
San Jose, California, USA). The BMA samples were 
lysed by lysing solution (82 g ammonium chloride, 10 g 
potassium bicarbonate, and 0.37 g disodium EDTA), and 
washed with phosphate buffered saline until complete 
RBC lysis and resuspended in appropriate amount of 
phosphate buffered saline. The BMA cells were stained 
and studied with different fluorescently labeled moAbs 
according to the manufacturer’s recommendations. 
Fluorescein isothiocyanate‑labeled moAbs included 
CD45, CD10, CD5, CD7, CD33, HLA‑DR, CD41, 
CD7, CD4, CD8, and MPO (Biotech Spain Company, 
Barcelona, Spain, ImmunnoStep, Salamanca, Spain). 
Phycoerythrin‑labeled moAbs included CD3, CD19, 
CD13, CD14, CD10, CD11c  (Becton Dickenson), 
CD61, CD235a, and CD117  (ImmunoStep). 
Peridinin‑chlorophyll protein moAbs included 
CD34  (Becton Dickenson, Franklin Lakes, New 
Jersey).

Lysing and staining was done as follows: 10  ml of 
fluorescein isothiocyanate‑conjugated moAb, 10 μl 
of phycoerythrin‑conjugated moAb, and 10 μl of 
peridinin‑chlorophyll protein complex‑conjugated 
moAb was added to 12 × 75‑mm tubes, and afterward, 
100 μl of whole blood was added in each tube. 
The mixture was vortexed tenderly and incubated 
for ~15 min in the dark area at 20–25°C. Then, 3 ml of 
1× FACS lysing buffer was added to incubated mixture. 
Then it was vortexed tenderly and incubated for 
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15 min in the dark area at 20–25°C again. Thereafter, 
centrifugation at 2500  rpm for 3 min was done. The 
supernatant was removed, 3 ml of washing buffer was 
added, and then centrifuged at 2500  rpm for 3 min. 
The supernatant was removed, and the cells were 
resuspended in sheath fluid for immediate analysis or 
fixed cells can be stored at 2–8°C until analysis.

Acquisition and analysis of stained suspension 
was performed by FACSCalibur flow cytometer 
(Becton‑Dickinson) acquiring at least 
10 000–30 000 cells at a high rate of 400–500 cells/s 
for each marker. Negative isotype control was run first 
to identify the position of the negative and the positive 
populations. At least two plots were drawn during the 
acquisition of each tube: one of them displayed forward 
scatter on X‑axis versus side scatter on Y‑axis to 
identify the size and granularity of cells and to exclude 
debris and dead cells, and the second plot displayed the 
antibody marker on X‑axis versus forward scatter or 
the other marker in case of dual markers on Y‑axis. An 
antigen was considered positive when the expression is 
at least 20% of the gated cells.

Mononuclear cell isolation
The cells were isolated from BMA or PB samples 
within 24  h after sample collection through 
Lymphosep, lymphocyte separation media  (Biowest). 
Overall, 3 ml of Lymphosep was transferred to a 15‑ml 
centrifuge tube. BMA sample was mixed with 2  ml 
of physiological saline at 20–25°C. The diluted blood 
over 3 ml of Lymphosep was layered and centrifuged 
at 400g for 30 min at 20–25°C. The top layer of clear 
plasma was aspirated and discarded. The mononuclear 
cell layer and about half of the Lymphosep layer 
below it were aspirated and transferred to a centrifuge 
tube containing at least two times the volume of 
physiological saline. Then, it was centrifuged at 150g 
for 10 min at 20–25°C. The supernatant was aspirated 
and discarded. The cell pellet was stored at −80°C for 
later extraction.

Total RNA extraction
It was done by using Qiazol lysis reagent (Qiagen, USA). 
Qiazol lysis reagent is a monophasic solution of phenol 
and guanidine thiocyanate. It maintains the integrity 
of the RNA owing to highly effective inhibition of 
RNase activity during sample homogenization.

Frozen samples were thawed at 20–25°C. Then, 1‑ml 
Qiazol was added to cell pellet. The sample was placed 
at 20–25°C for 5 min, then 200‑μl chloroform (Merck, 
Germany) was added, and the sample was shaken 
vigorously on vortex for 15 s. The sample was 
centrifuged at 12 000g for 15 min at 4°C. After that, 

the sample was separated into three phases, and the 
upper, aqueous phase was transferred to a new tube, 
and then 500 μl isopropanol was added and mixed by 
vortexing and then was placed at 20–25°C for 10 min. 
The sample was centrifuged at 12  000g for 10  min 
at 4°C. The supernatant was aspirated and discarded. 
The RNA pellet was visible at the bottom of the tube. 
Then, 1 ml of 75% ethanol was added and centrifuged 
at 7500g for 5 min at 4°C. The RNA was redissolved 
in 13 μl of RNase‑free water. The cDNA RT sample 
has been prepared using the reverse transcription 
kits  (Applied Biosystems, Darmstadt, Germany) and 
was stored at −70°C until the next step.

Reverse transcriptase polymerase chain reaction
For the RT‑PCR, complementary DNA load was 
standardized in preliminary experiments by making 
serial dilution and amplifying β‑actin to produce just 
detectable signal, thus keeping the PCR condition 
within the linear range of amplification before reaching 
saturation. By using KAPA2Gtm Fast PCR kit, duplex 
PCR reaction assembly was done as follows: 25 μl of 
total volume: 5 μl buffer, A 0.5 μldNTP, 1.25 μl forward 
primer of B‑actin, 1.25 μl reverse primer of B‑actin, 
1.25 μl forward primer of CD7, 1.25 μl reverse primer 
of CD7, 0.1 μl fast DNA polymerase, 10.4 μl PCR 
grade water, and 4 μl cDNA sample.

The samples were placed in the thermocycler for 
PCR amplification under the following conditions: 
94°C for 5  min for initial melting; 94°C for 
30 s, 65°C for 30 s, and 72°C for 30 s for a total of 
30  cycles; and 72°C for 10  min for final extension. 
PCR primers were as follows CD7: forward primer: 
5’‑TAGACCCAGAGAGGCTCAG‑3’, and reverse 
primer: 5’‑GGAGACTGCTGCACCTCTTGG‑3’. 
Β‑actin: forward primer: 5’‑ATCTGGCACCACA 
CCTTCTACAATGAGC TGCG3’ and reverse primer: 
5’‑CGTCATACTCCTGCTTGCTGATCCACAT 
CTGC‑3’. The PCR products were visualized on 
2% agarose gel stained by ethidium bromide and 
photographed under ultraviolet light.

Statistical analysis
All statistical analyses were performed using Statistical 
Package for Sciences Software, version  18  (SPSS 
‘ver. 21’ software; SPSS Inc., Chicago, Illinois, USA). 
Data were expressed as mean  ±  SD, number, and 
percentage. A  P  value less than 0.05 was considered 
statistically significant. Gated cells were analyzed 
for the expression of CD7 moAb. Cutoff value more 
than or equal to 20 was reported as positive. Pearson 
correlation was used to assess the correlation between 
CD7 and other parameters. P value was significant if 
less than 0.05.
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Results
Of 32 cases of AML, 17 (53.1%) patients were males 
and 15 (46.9%) patients were females. AML is more 
common in men than women, with a male to female 
ratio of 1.5/1.0. Their ages ranged from 17 to 80 years, 
with mean ± SD of 46.25 ± 18.19 years. It was found 
that six (18.8%) patients had hepatomegaly, 12 (37.5%) 
patients had splenomegaly, nine (28.1%) patients had 
lymphadenopathy, 11  (34.4%) patients had bleeding 
tendency, and five  (15.6%) patients had purpuric 
eruptions. Fever was found in 23 (71.9%) patients. The 
complete blood count analysis showed a wide range 
of hemoglobin concentration and platelet and white 
blood cell (WBC) counts, which varied from normal 
to anemia, thrombocytopenia to thrombocytosis and 
leukopenia to hyperleukocytosis. Cytochemistry of 
the studied patients showed that a total of 22 (68.8%) 
patients were positive for Sudan black, eight  (25%) 
patients were positive for periodic acid‑Schiff stain, 
and nine (28.1%) patients were positive for nonspecific 
esterase. In the present study, we found that AML‑M4 
was the most frequent subtype [12 (37.5%) patients], 
followed by AML‑M2 six  (18.8%) patients and 
M1 four  (12.5%) patients. AML‑M5 occurred in 
three  (9.4%) patients, whereas AML‑M3, M6 and 
M7 occurred in two  (6.3%) patients each. The least 
frequent subtype was AML‑M0, which was presented 
in only one (3.1%). Immunophenotyping is described 
in Table  6. It was found that CD7 was aberrantly 
expressed in six  (18.8%) patients: one  (25%) patient 
in AML‑M1, two  (33.3%) patients in AML‑M2, 
one (8.3%) patient in AML‑M4, one (33.3%) patient 
in AML‑M5, and one  (50%) in AML‑M7. There 
was insignificant correlation between CD7 and age, 
WBCs, platelets, reticulocytes, hemoglobin level, total 
protein, ESR 1, ESR 2, serum urea, serum creatinine, 
serum calcium, prothrombin time, Prothrombin 
concentration (PC), international normalized 
ratio, total bilirubin, direct bilirubin, alanine 
aminotransferase, albumin, and lactate dehydrogenase, 
with P value more than 0.05. There was a significant 
positive correlation between CD7 positive and 
peripheral blast and BM blast  (r  =  0.04/r  =  0.03/; 
P = 0.82/P = 0.85) (Tables 1‑4, Fig. 1).

Electrophoresis on agarose gel shows β‑actin 
expression on lanes 2, 3, 4, 5, 6, 7, and 8 (amplicon size 
838 bp). Lane 1 is a negative control, whereas CD7 was 
observed in lane 2 as a positive control (amplicon size 
173) in comparison with 100‑bp DNA size marker.

Discussion
AML is an aggressive disorder characterized by 
accumulation of blast cells in BM. The heterogeneous 
phenotype of AML is based on cytogenetic mutations 

and molecular aberrations. Several observations have 
reported that several T‑cell immunophenotypic 
markers might be aberrantly expressed in AML  [2]. 
Immunophenotyping data, as for any other clinical or 
biological characteristics of acute leukemia, cannot be 
used alone and must be considered together with all 
other parameters of any patient [3].

Aberrant antigen expression was reported to have 
variable frequency with controversial prognostic and 

Table 1 Age and sex of the studied patients
n=32 [n (%)]

Age (years) 46.25±18.19
< 40 13 (40.6)
40 to <60 11 (34.4)
≥60 8 (25)

Sex
Male 17 (53.1)
Female 15 (46.9)

Table 2 Clinical data of the studied population
n=32 [n (%)]

Fever 23 (71.9)
Hepatomegaly 6 (18.8)
Splenomegaly 12 (37.5)
Lymphadenopathy 9 (28.1)
Bleeding tendency 16 (50)

Table 3 Correlation of CD7 positive with different parameters 
in the study

r (P)
Age −0.57 (0.24)
Hemoglobin 0.30 (0.56)
WBCs 0.12 (0.82)
Platelets 0.15 (0.78)
Reticulocytes −0.65 (0.17)
Peripheral blast 0.82 (0.04)
Bone marrow blast 0.85 (0.03)
Total protein −0.21 (0.70)
ESR 1 0.57 (0.24)
ESR 2 0.35 (0.50)
Serum urea −0.74 (0.09)
Serum creatinine −0.68 (0.14)
Serum calcium −0.61 (0.20)
PT −0.55 (0.26)
PC −0.02 (0.97)
INR 0.71 (0.83)
Total bilirubin 0.12 (0.83)
Direct bilirubin −0.03 (0.96)
AST 0.78 (0.07)
ALT −0.15 (0.77)
Albumin −0.16 (0.77)
LDH 0.42 (0.41)

Data was expressed in form of r (strength of correlation) and 
P (significance of correlation that was significant if <0.05). 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
ESR, erythrocyte sedimentation rate; INR, international 
normalized ratio; LDH, lactate dehydrogenase; PT, prothrombin 
time; WBC, white blood cell. Bold: There was significant positive 
correlation between CD7 positive and Peripheral blast (r = 0.82;  
P = 0.04) and bone marrow blast (r = 0.85; P = 0.03).
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predictive relevance  [4,5]. The higher frequency of 
aberrant expression of lymphoid markers in AML may 
be related to environmental changes and accumulation 
of biological defects. CD7, a T‑cell antigen, is the most 
common aberrant marker found in AML in most 
studies [6].

In the present study, we have studied the frequency of 
CD7 aberrant expression in patients with AML who 
presented to our hospital during the period from 2015 
to 2016 and tried to verify if this aberrant expression is 
a true or a false one using an independent method that 
does not rely on the use of moAbs.

In this study, AML was higher in males than females 
and more common in age below 40  years. This may 
be caused by action of sex hormones during growth 
and puberty phases, and work‑related biological and 
environmental processes  [12]. Fever and bleeding 
tendency were the predominant signs in most patients. 
This may be owing to BM failure, which may lead to 
increased risk of infections and hyperleukocytosis [13]. 
The peripheral hemogram of the studied cases showed 
that the mean hemoglobin was quite low in most 
patients, and this might be owing to BM infiltration 
which leads to decreased production of RBCs and might 
be owing to decreased RBCs life span and autoimmune 
destruction [14]. Leukocytosis and hyperleukocytosis 
were observed in most of the cases and could be caused 
by rapid differentiation and proliferation of leukemic 
cells. Thrombocytopenia was prominent feature in 
most patients, and it was associated with bleeding 
tendency [15].

Immunophenotyping in the present work showed that 
most patients were positive for HLA‑DR, CD34, 
CD33, CD13, CD45, CD4, and cytoplasmic MPO. 
Flow cytometric CD7 aberrant expression was observed 
in six of the 32 studied cases. This aberrant expression 
was seen in FAB subtypes M1, M2, M4, M5, and 
M7. Contrary to our expectation, the two M3  cases 
did not show CD7 expression (Tables 5 and 6). Many 
studies showed that CD7 was frequently expressed as 
an aberrant marker in AML with various frequencies 
ranging from 11 to 40%  [1,3–5,16]. Some studies 
showed that CD7 ectopic expression was observed 
in the more immature subtypes of AML. This 
was explained according the notion that CD7 is 
transiently expressed in the very early stages of myeloid 
progenitors, and then its expression is downregulated 
as myeloid progenitors undergo differentiation and 
maturation [17].

In our study, there was no significant difference between 
cases with ectopic CD7 and those without regarding 
age, sex, clinical data, WBC count, and platelets, except 
PB blast cell count and BM blast cell count. Many 
other studies showed no correlation between positive 
CD7 and negative CD7 AML cases according to 
age, sex distribution, distinctive clinical presentation, 
CNS involvement, blast count and immaturity 
of CD7+  leukemic cells with high expression of 
CD34 [17–26]. In another study, CD7 expression was 
found to have no direct relation with prognosis  [27]. 
Other studies showed that CD7‑positive AML was 
seen mainly in younger males, with hepatosplenomegaly 
and CNS involvement [5–15,17–30].

Aberrant CD7 expression in AML has been a matter 
of controversy in both the frequency of expression 

Frequency of CD7 expression in patients with AML by flow cytometry. 
AML, acute myeloid leukemia.

Figure 1

Table 4 Correlation of CD7 negative with different parameters 
in the study

r (P)
Age 0.32 (0.11)
Hemoglobin 0.16 (0.44)
WBCs −0.17 (0.40)
Platelets −0.12 (0.55)
Reticulocytes −0.12 (0.57)
Peripheral blast 0.10 (0.63)
Bone marrow blast −0.13 (0.53)
Total protein −0.23 (0.26)
ESR 1 −0.18 (0.38)
ESR 2 −0.23 (0.27)
Serum urea 0.09 (0.67)
Serum creatinine 0.27 (0.19)
Serum calcium 0.00 (0.99)
PT −0.25 (0.22)
PC 0.22 (0.29)
INR −0.35 (0.08)
Total bilirubin 0.04 (0.87)
Direct bilirubin −0.00 (0.997)
AST 0.31 (0.28)
ALT 0.13 (0.52)
Albumin −0.25 (0.22)
LDH 0.03 (0.87)

Data were expressed in form of r (strength of correlation) and 
P (significance of correlation that was significant if <0.05). 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
ESR, erythrocyte sedimentation rate; INR, international normalized 
ratio; LDH, lactate dehydrogenase; PT, prothrombin time; 
WBC, white blood cell.
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and the trueness of expression. Several studies have 
discussed these issues with variable explanations; one 
of them is the use of different moAbs  [1,3–6,16]. 
In other studies, the type of moAbs was the same, 
but different frequencies of CD7 expression were 
observed  [1,3–6,16]. The analysis of different study 
populations (children, adults, or both), the stringency of 
the initial definition of AML (based on morphological 
appearance or immunophenotyping), and if the 
examination was performed on PB or BM samples 
are other factors. Another explanation is the use of 
flow cytometry, immunofluorescence microscopy, or 
immunoenzymatic staining, type and number of 
antigens studied, single or multicolor staining of the 
malignant cells, differences in the cutoff value levels for 
the discrimination of positive versus negative results, 
and analysis of freshly obtained specimens or archived 
samples  [24–35]. Technical errors were another 
possibility; in this instance, the relevant marker is 
not actually expressed, and this adds a false signal. 
The probes used for detection are usually obtained 

from commercially available sources, and this may be 
associated with cross‑reactivity with other molecules 
or epitopes [36].

We sought to verify the trueness of CD7 expression 
in AML using a different approach that does not rely 
on the use of commercial moAbs. We used RT‑PCR 
to examine the CD7 expression in leukemic cells 
of AML at the level of gene transcription in the six 
samples that showed positive expression of the protein. 
Surprisingly, none of the six cases examined showed 
mRNA expression (Fig. 2a and b). Given the higher 
sensitivity of PCR compared with flow cytometry, 
and the design of a properly controlled experiment 
of duplex RT‑PCR with internal control of the 

Table 5 French-American British Cooperative Group subtypes 
of the studied patients
FAB n=32 [n (%)]
M0 1 (3.1)
M1 4 (12.5)
M2 6 (18.8)
M3 2 (6.3)
M4 12 (37.5)
M5 3 (9.4)
M6 2 (6.3)
M7 2 (6.3)

FAB, French-American British Cooperative Group.

Table 6 Immunophenotyping in the studied patients
M0 (n=1) 
[n (%)]

M1 (n=4) 
[n (%)]

M2 (n=6) 
[n (%)]

M3 (n=2) 
[n (%)]

M4 (n=12) 
[n (%)]

M5 (n=3) 
[n (%)]

M6 (n=2) 
[n (%)]

M7 (n=2) 
[n (%)]

Total (n=32) 
[n (%)]

HLA-DR 1 (100) 3 (75) 6 (100) 2 (100) 10 (83.3) 3 (100) 2 (100) 1 (50) 28 (87.5)
CD34 1 (100) 2 (50) 6 (100) 2 (100) 6 (50) 3 (100) 2 (100) 2 (100) 24 (75)
CD33 0 2 (50) 4 (66.67) 2 (100) 10 (83.3) 3 (100) 1 (50) 1 (50) 23 (71.9)
CD13 1 (100) 4 (100) 6 (100) 2 (100) 11 (91.7) 3 (100) 2 (100) 2 (100) 31 (96.9)
CD45 1 (100) 2 (50) 6 (100) 1 (50) 7 (58.3) 3 (100) 2 (100) 2 (100) 24 (75)
CD19 0 0 0 0 0 0 0 0 0
CD7 0 1 (25) 2 (33.3) 0 1 (8.3) 1 (33.3) 0 1 (50) 6 (18.8)
CD10 0 0 0 0 0 0 0 0 0
CD5 0 0 0 0 0 0 0 0 0
CD8 0 0 0 0 0 0 0 0 0
CD3 0 0 0 0 0 0 0 0 0
CD14 0 0 1 (16.7) 0 5 (41.7) 1 (33.3) 0 0 7 (21.9)
CD41a 0 1 (25) 0 0 1 (8.3) 0 0 0 2 (6.3)
Glycophorin 0 0) 0 0 2 (16.7) 0 1 (50) 0 3 (9.4)
Cyto MPO 1 (100) 3 (75) 3 (50) 1 (50) 7 (58.3) 1 (33.3) 2 (100) 2 (100) 20 (62.5)
CD235a 0 0 0 0 1 (8.3) 0 0 0 1 (3.1)
CD11c 0 0 2 (33.3) 0 10 (83.3) 3 (100) 0 0 15 (47)
CD117 1 (100) 0 5 (83.3) 1 (50) 0 2 (66.67) 1 (50) 1 (50) 11 (34.4)
CD4 0 0 2 0 13 2 0 1 0
Cyto CD61 0 0 0 0 0 0 0 2 (100) 2 (6.3)

MPO, myeloperoxidase.

Flow cytometric detection of CD7 expression. (a, b) Flow histograms 
of AML cases with ectopic CD7 expression with CD7/FITC in AML 
cases. (c) Flow histogram of ALL case. AML, acute myeloid leukemia; 
FITC, fluorescein isothiocyanate.

Figure 2

c

b
a
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house‑keeping gene beta‑actin together with external 
positive (Fig. 2c) and negative controls, makes it a 
plausible assumption to consider the RT‑PCR results 
to be more reliable than that of flow cytometry in this 
context. There are several other observations in this 
study and other studies that support this hypothesis. 
First is the lack of correlation between ectopic CD7 
expression and any of the diagnostic or prognostic 
parameters of AML. On the contrary, the expression 
pattern of CD7 observed in cases of AML by flow 
cytometry was a dim one and very close to the scatter 
pattern of the negative isotype control, raising the 
possibility of cross‑reactivity and nonspecificity of the 
observed result (Fig. 3). Moreover, ectopic expression 
of CD7 would be more expected in tumors harboring 
cytogenetic rearrangements involving chromosome 17 
on which CD7 gene resides. AML‑M3 is the subtype 
of AML which harbors t (15; 17) (q22; q21), and the 
two cases in our study did not show CD7 expression 
either by flow cytometry or by RT‑PCR.

Conclusion
This study raises a reasonable possibility of a 
false‑positive detection of aberrant CD7 expression in 
AML using immunophenotyping by flow cytometry 
and recommends the confirmation of this ectopic 
expression using an independent technique that 
does not rely on the use of moAbs. Further detailed 
molecular studies are required to dissect the underlying 
mechanisms regulating CD7 gene expression to verify 
our hypothesis.

Acknowledgements
Financial support and sponsorship: Faculty of medicine, 
Assiut University.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
 1 Jahedi M, Shamsasenjan K, Sanaat Z, Aliparasti M, Almasi S, 

Mohamadian M, et al. Aberrant phenotype in Iranian patients with acute 
myeloid leukemia. Adv Pharma Bull 2014; 4:43.

 2 Lewis RE, Cruse JM, Sanders CM, Webb RN, Suggs JL. Aberrant 
expression of T-cell markers in acute myeloid leukemia. Exp Mol Pathol 
2007; 83:462–463.

 3 Corces MR, Buenrostro JD, Wu B, Greenside PG, Chan SM, Koenig JL, 
et al. Lineage-specific and single-cell chromatin accessibility charts 
human hematopoiesis and leukemia evolution. Nat Genet 2016; 48:1193.

 4 Bhushan B, Chauhan PS, Saluja S, Verma S, Mishra AK, Siddiqui S, 
et al. Aberrant phenotypes in childhood and adult acute leukemia and its 
association with adverse prognostic factors and clinical outcome. Clin Exp 
Med 2010; 10:33–40.

 5 Momani A, Abbasi N, Alsokhni H, Habahbeh L, Khasawneh R, Kamal N. 
Aberrant antigen expression in patients with acute leukemias; experience 
of King Hussein Medical Center in Jordan. JRMS 2016; 23:59–67.

 6 Jha R, Grover G, Bose P. Lymphoid associated antigen expression in new 
cases of acute myeloid leukemia. J Pathol Nepal 2013; 3:487–490.

 7 Bagg A. Lineage ambiguity, infidelity, and promiscuity in 
immunophenotypically complex acute leukemias: genetic and morphologic 
correlates. Am J Pathol 2007; 545–548.

8 Khoury H, Dalal BI, Nevill TJ, Horsman DE, Barnett MJ, Shepherd JD, 
et al. Acute myelogenous leukemia with t (8; 21)-identification of a specific 
immunophenotype. Leuk Lymph 2003; 44:1713–1718.

 9 Medeiros BC, Kohrt HE, Arber DA, Bangs CD, Cherry AM, Majeti R, 
et al. Immunophenotypic features of acute myeloid leukemia with inv (3)
(q21q26. 2)/t (3; 3)(q21; q26. 2). Leuk Res 2010; 34:594–597.

10 Schanberg LE, Fleenor DE, Kurtzberg J, Haynes BF, Kaufman RE. 
Isolation and characterization of the genomic human CD7 gene: 
structural similarity with the murine Thy-1 gene. Proc Natl Acad Sci 1991; 
88:603–607.

11 Basso G, Buldini B, De Zen L, Orfao A. New methodologic approaches for 
immunophenotyping acute leukemias. Haematologica 2001; 86:675–692.

12 Hossain MJ, Xie L, Caywood EH. Prognostic factors of childhood and 
adolescent acute myeloid leukemia (AML) survival: evidence from four 
decades of US population data. Cancer Epidemiol 2015; 39:720–726.

13 Chang H, Kuo MC, Tang TC, Lin TL, Wu JH, Hung YS, et al. Clinical 
features and recurrence pattern of perianal abscess in patients with acute 
myeloid leukemia. Acta Haematol 2017; 138:10–13.

14 Ghosh S, Shinde SC, Kumaran GS, Sapre RS, Dhond SR, Badrinath YA, 
et al. Haematologic and immunophenotypic profile of acute myeloid 
leukemia: an experience of Tata Memorial Hospital. Indian J Cancer 2003; 
40:71.

15 Widick P, Winer ES. Leukocytosis and leukemia. Primary Care. Clin Off 
Pract 2016; 43:575–587.

16 Dadzie OE, Mahalingam M, editors. Pearls and Pitfalls in Neoplastic 
Dermatopathology with Online Access. Cambridge University Press; 
2016;105:198.

17 El-Sissy AH, El-Mashari MA, Bassuni WY, El-Swaayed AF. Aberrant 
lymphoid antigen expression in acute myeloid leukemia in Saudi Arabia. 
J Egypt Natl Canc Inst 2006; 18:244–249.

18 Kita K, Miwa H, Nakase K, Kawakami K, Kobayashi T, Shirakawa S, et al. 
Clinical importance of CD7 expression in acute myelocytic leukemia. The 
Japan Cooperative Group of Leukemia/Lymphoma. Blood 1993; 81:2399–
2405.

19 Legrand O, Perrot JY, Baudard M, Cordier A, Lautier R, Simonin G, 
et al. The immunophenotype of 177 adults with acute myeloid leukemia: 
proposal of a prognostic score. Blood 2000; 96:870–877.

20 Bahia DM, Yamamoto M, Mde LC, Kimura EY, Bordin JO, Filgueiras MA, 
et al. Aberrant phenotypes in acute myeloid leukemia: a high frequency 
and its clinical significance. Haematologica 2001; 86:801–806.

RT-PCR of B-actin and CD7 in patients with AML with positive flow 
cytometric ectopic expression of CD7. M: DNA size marker (100 bp 
ladder). Lane 1: negative control. Lane 2: positive control (A case of 
T-ALL). Lanes 3, 4, 5, 6, 7, and 8. AML cases showed ectopic CD7 
expression by flow cytometry. AML, acute myeloid leukemia; RT, 
reverse transcriptase.

Figure 3



140 Journal of Current Medical Research and Practice

21 Cruse JM, Lewis RE, Pierce S, Lam J, Tadros Y. Aberrant expression of 
CD7, CD56, and CD79a antigens in acute myeloid leukemias. Exp Mol 
Pathol 2005; 79:39–41.

22 Zheng J, Wang X, Hu YU, Yang J, Liu J, He Y, et al. A correlation study of 
immunophenotypic, cytogenetic, and clinical features of 180 AML patients 
in China. Cytometry B Clin Cytom 2008; 74:25–29.

23 Khurram MM, Jafri SA, Mannan A, Nadeem A, Jamal A. Frequency of 
aberrant expression of CD markers in cases of acute leukemia. Med J 
Islamic World Acad Sci 2010; 18:55–60.

24 Ossenkoppele GJ, van de Loosdrecht AA, Schuurhuis GJ. Review of the 
relevance of aberrant antigen expression by flow cytometry in myeloid 
neoplasms. Br J Haematol 2011; 153:421–436.

25 Ochi K, Fuji S, Takano K, Tajima K, Ito A, Tanaka T, et al. The putative 
anti-leukemic effects of anti-thymocyte globulins in patients with 
CD7-positive acute myeloid leukemia. Bone Marrow Transplant 2018; 
19:1.

26 Poeta GD, Stasi R, Venditti A, Cox C, Aronica G, Masi M, et al. CD7 
expression in acute myeloid leukemia. Leuk Lymph 1995; 17:111–119.

27 Hongzhi HX, Haiyan XY, Liu ZC, Rou HU. Clinical significance of CD7 
expression in associated with cytogenetics in acute myeloid leukaemia. 
J Clin Hematol 2009; 1:002.

28 Suzuki R, Murata M, Kami M, Ohtake S, Asou N, Kodera Y, et al. Prognostic 
significance of CD7+ CD56+ phenotype and chromosome 5 abnormalities 
for acute myeloid leukemia M0. Int J Hematol 2003; 77:482–489.

29 Teke HÜ, Davutoglu NO, Gündüz E, Andıç N, Bal C, Aras BD. Is flow 

cytometric immunophenotyping useful for predicting acute myeloid 
leukemia prognosis?. Istanbul Med J 2017; 18:200–204.

30 Saxena A, Sheridan DP, Card RT, McPeek AM, Mewdell CC, Skinnider LF. 
Biologic and clinical significance of CD7 expression in acute myeloid 
leukemia. Am J Hematol 1998; 58:278–284.

31 Rausei-Mills V, Chang KL, Gaal KK, Weiss LM, Huang Q. Aberrant 
expression of CD7 in myeloblasts is highly associated with de novo 
acute myeloid leukemias with FLT3/ITD mutation. Am J Clin Pathol 2008; 
129:624–629.

32 Macedo A, Orfao A, Vidriales MB, López-Berges MC., Valverde B, 
González M, et al. Characterization of aberrant phenotypes in acute 
myeloblastic leukemia. Ann Hematol 1995; 70:89–194.

33 Ogata K, Yokose N, Shioi Y, Ishida Y, Tomiyama J, Hamaguchi H, et al. 
Reappraisal of the clinical significance of CD7 expression in association 
with cytogenetics in de novo acute myeloid leukaemia. Br J Haematol 
2001; 115:612–615.

34 Abdulateef NA, Ismail MM, Aljedani H. Clinical significance of 
co-expression of aberrant antigens in acute leukemia: a retrospective 
cohort study in Makah Al Mukaramah, Saudi Arabia. Asian Pac J Cancer 
Prev 2014; 15:221–227.

35 Aghaeepour N, Finak G, Hoos H, Mosmann TR, Brinkman R, Gottardo R, 
et al. Critical assessment of automated flow cytometry data analysis 
techniques. Nat Methods 2013; 10:228.

36 Bain BJ. Practical flow cytometry in haematology diagnosis. By M. Leach, 
M. Drummond and A. Doig, Wiley-Blackwell, Oxford. Br J Haematol 2014; 
167:727.


