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ABSTRACT

Diffuse large B-cell lymphoma (DLBCL) is defined
by the World Health Organization (WHO) as a heteroge-
neous entity, encompassing morphologic and genetic
variants, and variable clinical presentations and outcomes.
It accounts for approximately 30% of NHL and 80% of
all aggressive lymphomas. In Egypt, DLBCL is the most
common subtype of NHL; it represents about 49% of NHL
presenting to the National Cancer Institute, Cairo Univer-
sity. In DLBCL patients, bone marrow (BM) involvement
portends a poor prognosis and correlates with poor survival.
Thus, assessment of BM status in patients with DLBCL
is critical for proper staging and planning of optimal
therapeutic strategies.

Although the traditional light microscopic examination
of the BM aspirate (BMA) and trephine BM biopsy (BMB)
has been considered the gold standard technique for routine
BM evaluation in NHL patients, additional laboratory
techniques have been recruited like flowcytometric im-
muno-phenotyping, immunohistochemical staining and/or
molecular studies to improve their assessment capabilities.
In this work we tried to re-stage DLBCL patients by
assessment of BM status, by morphology / immunohis-
tochemictry as well as molecular testing, to detect possible
occult BM involvement, hence verifying the value of
incorporating this technique in the initial routine testing
for the BM.

Patients and Methods: A total of 45 cases newly
diagnosed DLBCL patients were included in the study,
during the time period from July 2004 to June 2005. They
were referred from the Medical Oncology Department to
the Clinical Pathology Department in Menofeyia University
Hospital for staging, then to Clinical Pathology Department
National Cancer Institute, Cairo University for BM mor-
phology/Immunohistochemistry re-evaluation and molec-
ular testing for Immunoglobulin heavy chain (IgH) gene
rearrangements on DNA. The main inclusion criterion in
this study was a negative bone marrow aspirate for evidence
of infiltration by lymphoma cells; 41 cases were BMA
negative. The 4 BMA positive cases were used as positive
controls for both techniques.

Results: Cases were 18 females and 23 males with
an age range of 21-84 with a median of 55 years. BMB/IHC
showed an overall detection rates of 11/41 (26.8%) versus
molecular testing that showed 26/41(63.4%). Twenty four
cases were negative by BMB/IHC, when molecularly
tested 10/24 cases were positive (41.7%).

A total of 10/41 cases were negative by both methods.
Two cases showed IgH rearrangements in the peripheral
blood while the BM was negative. In respect to stage:
Stage I cases, IgH rearrangements were detected in (63.2%)
of cases, in Stage II in 50% and in Stage III in 75% of
cases.

We present an algorithm for investigating stages I, II
and III aiming at stressing the importance of ancillary
testing and probably restaging of a sizable number of
DLBCL cases.

In Conclusion, our results confirm that PCR based
IgH gene rearrangement analysis is a sensitive and specific
method for demonstrating B cell clonality in BMA and
PB. It should be considered as an additional tool to properly
stage DLBCL cases according to the suggested algorithm.

Key Words: DLBCL – IgH gene rearrangement.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is
defined by the World Health Organization
(WHO) as a heterogeneous entity, encompassing
morphologic and genetic variants, and variable
clinical presentations and outcomes [1]. It ac-
counts for approximately 30% of NHL [2] and
80% of all aggressive lymphomas [1]. In Egypt,
DLBCL is the most common subtype of NHL;
it represents about 49% of NHL presenting to
the National Cancer Institute, Cairo University
[3]. In patients with DLBCL, bone marrow (BM)
involvement portends a poor prognosis and
correlates with poor survival [4,5]. Thus, assess-
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ment of BM status in patients with DLBCL is
critical for proper staging and planning of opti-
mal therapeutic strategies. Several previous
studies on DLBCL patients showed variable
frequencies (11-27%) of BM involvement at
diagnosis time [4-8]. This discrepancy may par-
tially reflect differences in study populations
but also may be partially attributed to variability
in laboratory techniques used in these studies
for BM assessment. Although the traditional
light microscopic examination of the BM aspi-
rate (BMA) and trephine BM biopsy (BMB)
has been considered the gold standard technique
for routine BM evaluation in NHL patients,
several centers are recruiting additional labora-
tory techniques like flowcytometric immuno-
phenotyping, immunohistochemical staining
and/or molecular studies to improve their as-
sessment capabilities [9-16]. However, in the
routine practice converse results, potential pit-
falls and technical limitations are still reported
on using these ancillary techniques for BM
assessment [17-19]; thus many of them are not
yet appropriately validated.

In this respect, this work tried to re-stage
DLBCL patients by assessment of BM status,
using IgH chain rearrangement as a molecular
technique, to detect possible occult BM involve-
ment, hence verifying the value of incorporating
this technique in the initial routine testing for
the BM rather than using it in the morphologi-
cally ambiguous cases only. Also, an algorithm
of using standard and ancillary laboratory testing
for staging DLBCL patients is suggested to be
introduced.

PATIENTS AND METHODS

A total of 45 newly diagnosed DLBCL pa-
tients were included in the study, they were
referred from the Medical Oncology Department
to the Clinical Pathology Department in
Menofyia University Hospital for staging, then
to Clinical Pathology Department National
Cancer Institute, Cairo University for morpho-
logic re-evaluation and molecular testing during
the time period from July 2004 to June 2005.
They included 19 females and 26 males with
an age range of 21-84 with a median of 55
years.  Patients were diagnosed according to
the standard routine clinical, radiologic and
laboratory tests. Standard staging work-up in-
cluded thoracic, abdominal, and pelvic comput-

ed tomography scans, as well as bone marrow
biopsy and aspiration. The main inclusion cri-
teria in this study was a negative bone marrow
aspirate for evidence of infiltration by lymphoma
cells; 41 cases fulfilled this criterion (BMA
negative) but 4 cases showed frank bone marrow
involvement by BM aspiration (BMA positive)
and were used as positive control. They com-
prised one female, 60 years, stage I and three
males, age 27, 53 and 62 years, stage III.

BM morphology:
BM biopsies were performed for all DLBCL

BMA negative cases at first diagnosis. All tre-
phines were fixed in buffered 10% formal-saline
for 24 hours and then decalcified using formic
acid-sodium citrate for 48 hrours. Samples were
then embedded in paraffin, routinely processed
and sections stained with Haematoxylin and
Eosin (H&E). The adequate trephine length was
in the range of 1.5cm to 2.0cm; shorter than 1.2
cm in section was considered inadequte [20].

Standardized criteria were used to classify
trephine biopsy samples as positive, negative
or suspicous [21].

Immunohistochemistry:
Immunohistochemical analysis was per-

formed on sections from formalin-fixed decal-
cified paraffin-embedded (FFDPE) trephine
biopsies which were immunostained using the
monoclonal antibodies CD20, CD45RO, LCA,
and the immunoperoxidase staining kit [DAKO
Envision™+System (HRP Horse raddish perox-
idase),, Peroxidase (DAB), Dako Cytomation,
Inc. 6392 Via Real. Carpinteria, California 9013
USA].

The presence of B-cell aggregates was clas-
sified as abnormal or malignant when there
were large numbers of aggregates, aggregates
were large-sized, or contained disproportionate
numbers of larger cells. Control slides were
prepared for comparison.

Molecular studies:
Samples for molecular studies were obtained

from BMA and/or PB.

DNA extraction was performed by salting
out technique [22]. To verify the quantity and
integrity of the DNA, all samples were, mea-
sured on the nano drop spectrophotometer (ND
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1000, nanodrop technology, Thermo Fisher
Scientific Inc.) at 260 and 280 wavelengths,
run on gel and amplified with the house keeping
gene ß-globin (Table 1).

Immunoglobulin heavy chain IgH gene rear-
rangement analysis:

Analysis of IgH gene rearrangements was
performed by semi-nested PCR (sn-PCR), using
framework regions (FR), FRII-VH and FRIII-
VH-specific primer amplifications (Table 1). In
addition, the consensus FRIc primer directed
against a highly conserved region in the FRI
region shared by the 7 VH families was em-
ployed for the FRI-JH amplification using the
same methodology described for the two other
VH framework-specific primers.

For each initial amplification, 0.5µg of ex-
tracted DNA template, was used in a total of
25µL PCR reaction mixture that contained
0.5µmol of primers, 100µmol dNTPs, 10mmol
Tris-HCl (pH 8.3), 1.5mmol MgCl2, 50mmol
KCl, and 2U Native Taq DNA polymerase
(Finnzymes) and was subjected to 45 cycles of
PCR amplifications. For all PCR amplifications,
an initial step was set for 6 minutes at 94°C to
denature the DNA templates and to activate the
Taq enzyme. Then the PCR cycles consisted of
denaturation at 94°C for 60 sec; annealing, for
60 sec, at 63°C for FR1c/LJH, at 50°C for FR2a/
LJH and at 55°C for FR3a/LJH; followed by
extension at 72°C for 60 sec with a 10 minutes
final extension step. For reamplification of the
IgH gene PCR products, one µl of the first
round was used as a template and subjected to
another 35-cycles PCR amplification using
VLJH primer. Then, 10µL of each amplified
product was separated on 3% agarose gel at 100
volt for 30 minutes and visualized by staining
with ethidium bromide.

Clonal rearrangements of IgH chain genes
resulted in one or two predominant amplification
products within the expected range of size;
FR1c/JH 330 to 350 bp, FR2a/JH 230 to 270
bp, and FR3a/JH 70 to 110 bp, ß-globin gene:
HBG7-F, HBG7-R was at 300 bp. respectively
[23-26], (Fig. 1A,B,C).

All standard precautions were taken to guard
against cross-contamination of amplified DNA.
In each run, a negative (sterile water [blank])
control was systematically included. Positive

control sample (Pre-B acute lymphobalstic leu-
kemia) was systematically included in each run.

Treatment protocol:

Patients were treated with Cyclophospha-
mide, Doxorubicin, Vincristine and Prednisolone
(CHOP) [27] or variations of CHOP chemother-
apy protocols [28,29]. Response was assessed
according to conventional criteria; complete
response was confirmed by the disappearance
of all lesions, determined by two observations,
not less than 4 weeks apart. Partial response
was defined as 50% or more decrease in total
tumor size that has been measured to determine
the effect of therapy by two observations, not
less than 4 weeks apart. No response was defined
as <50% decrease in total tumor size, while
progressive disease was reported by ≥25% in-
crease in the size of the tumor.

Follow-up period ranged from 16-80 months
with a median of 34 months.

RESULTS

The efficiency of BMB morphology and
immunohistochemistry in detection of marrow
involvement in BMA negative cases is presented
in (Table 2).

Molecular studies:
IgH rearrangements were detected in all 4

BMA positive cases as well as 26/41 BMA
negative cases (63.4%). FRI was the most com-
monly encountered in 21 cases, whether alone
or in combination with other FRs, followed by
FRIII (12 cases), then FRII (6 cases). The most
frequent combination was FRI with FRIII (Table
3). In the BMA positive group, 3 cases had the
FRI FRII FRIII combination while one case
had the FRI FRII combination.

All BMB positive cases were positive for
IgH rearrangement (8/8), as well as all BMB/
IHC cases (11/11). In the BMB suspicious group,
7/11 (63.6%) were positive, in BMB negative
group, 6/16, (37.5%) were positive; while in
the BMB inadequate group, 5/6 (83.3%) were
positive.

Molecular results in relation to disease stage
are shown in (Table 4).

Stage I cases were 19/41 (46.3%), with 7
cases stage IE (extra nodal disease). IgH rear-
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rangements were detected in 12/19, (63.2%) of
whom 5/7 (71.4%) were extra nodal cases. Only
4/19 cases were negative by both morpholog-
ic/IHC and molecular methods.

Stage II were 10/41(24.4%) cases with 1/10
case stage IIE. IgH rearrangements were detect-
ed in 5/10 (50%). In this group, 3/10 cases were
negative by both methods including the stage
IIE case.

Stage III cases presented 12/41 cases, none
were extranodal. IgH rearrangements were de-
tected in 9/12 (75%) and the remaining 3/12
were negative by both methods.

A total of 10/41 cases were negative by both
methods.

Comparing detection rates of BMB/IHC
versus molecular testing showed an overall
detection rates of 11/41 (26.8%) versus 26/41
(63.4%) respectively. Twenty four cases were
negative by BMB/IHC, when molecularly tested
10/24 cases were positive (41.7 %). (In view
of stage, in stage I, it was 15.7% vs. 63.7%),
stage II 10% vs. 50% and in stage III 41.7%
vs. 75%).

Two cases showed IgH rearrangements in
the peripheral blood while the BM was negative.
One of them was stage II with a suspicious
BMB but IHC showed polyclonality. The other
was stage III with also suspicious by morphol-
ogy but showed B clonality by IHC.

Here we present an algorithm for investigat-
ing stages I, II and III aiming at stressing the
importance of ancillary testing and probably
restaging of a sizable number of DLBCL cases
(Fig. 2).

Clinical follow-up was available for 32/45
cases. All 4 BMA positive cases relapsed over
a variable period of time (7-30 months). The
28/41 BMA negative did not show a particular
treatment response pattern as regards the clini-
cal, standard lab, BMB/IHC or molecular testing
results. Follow-up period ranged from 16 to 80
months. There were 18 relapses (R), 5 partial
response (PR), and 3 in complete remission
(CR). Their distribution among the stages was
as follows: Stage I: 10 R, 1 PR and 1CR
(12/19cases), stage II: 5 R, 3 PR, 1CR (9/10
cases) and stage III: 3R, 1PR, 1CR (5/12cases).

4 A Suggested Algorithm for Detection of Bone Marrow

Table (1): Oligonucleotide primer sequences used for
amplification of the IgH and ß-globin genes.

Primer

FRIc

FRIIa

FRIIIa

LJH

VLJH

HBG7-F

HBG7-R

Primer sequence

5'-AGG TGC AGC TG (G/C)

(A/T) G (G/C) AGT C (G/A/T) G G-3´

5´-TGG (A/G) TC CG (C/A) CAG

(G/C) C (T/C) (T/C) CN GG-3´

5´-ACA CGG C (C/T) (G/C) TGT

ATT ACT GT-3´

5´-TGA GGA GAC GGT GAC C-3´

5´-GTG ACC AGG GTN CCT TGG

CCC CAG-3´

5´-GAAGAGCCAAGGACAGGTAC-3´

5´-CAACTTCATCCACGTTCACC-3´

Ref

23

24,25

26

 Table (2): Detection rate of bone marrow involvement
by biopsy in aspirate negative diffuse large
B-cell lymphoma cases.

Detection
Method

Morphology

Immunohis-
tochemistry

Total

Table (3): Frequencies of amplified IgH framework regions
in 41 DLBCL cases.

FR

FRI

FRI, III

FRI, II, III

FRII

FRIII

FRI, FRII

FRII, FRIII

BM/PB

10

7

2

2

2

0

1

PB only

1

1

Single

11

7

2

2

2

1

1

Total

21

6

12

: Bone marrow aspirate.
: Framework regions.
: And/or.
: Same FR patterns were detectable in peripheral blood and bone

marrow of the cases.
: Rearrangements were detectable in peripheral blood only.

BMA
FR
BM
PB

(PB)

Positive

8/41
(19.5%)

3/41
(7.3%)

11/41
(26.8%)

Suspicious

11/41
(26.8%)

–

11/41
(26.8%)

Negative

16/41
(39%)

8/41
(19.5%)

24/41
(58.5%)

Inadequate

6/41
(14.6%)

–

6/41
(14.6%)
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Table (4): Clinical staging vs. Staging by bone marrow biopsy morphology and IgH gene rearrangement.

Inad: Inadequate sample                              ?: Suspicious

Clinical
stage

I
IE
Total Stage I

II
IIE
Total stage II

III

Morphology Molecular

Fig. (1C): FRIIIa: Lane 1: Blank. Lane
2: Positive control. Lane
3,4,5,6,7,8: Negative sam-
ples. Lane 9: One rear-
ranged band 70-110 bp.
Lane 10: 100 bp MWM.

Fig. (1): Examples of PCR analysis of IgH gene rearrangements in BMA indicating the presence of clonally-rearranged
cell population.

Fig. (1A): FRIc: Lane 1: Blank. Lane 2:  100 bp MWM,
Lane 3: Positive control. Lane 4,5,6 and 9:
Negative samples. Lane 7,8, and 10: One rear-
ranged band 330-350 bp.

Fig. (1B): FRIIa: Lane 1: Blank. Lane 2: Positive control.
Lane 3,4,5,7,8: Negative samples. Lane 6: 100
bp MWM. Lanes 9 and 10: One rearranged
band 230-270 bp.

Confirmed clinical stage:
Negative by all methods

True stage I
4/19 (21%)

True stage II
3/10 (30%)

True stage III 3/12 (25%)

%

58.3
71.4
63.2

55.6
0
50

75

+ve

7
5
12

5
0
5

9

?

3
1
4

3
1
4

1

–ve

5
2
7

4

4

4

+ve

2
2
4

2

2

5

Inad

2
2
4

2

No

12
7
19

9
1
10

12

500bp



gold standard technique for molecular clonality
studies [31]. However, despite the high reliability
of Southern blot analysis, it is increasingly
replaced by PCR techniques. The immunoglo-
bulin heavy chain (IgH) gene represents the
most useful for detecting B-cell clonality since
it rearranges early during B lymphoid develop-
ment and demonstrates extensive junctional
diversity. The incidence of informativity of IgH
PCR in B-cell lymphomas varies with the IgH
PCR strategy and the pathological subtype
[15,16,32].

A major goal of the current study was to
define an algorithm for the diagnosis of bone
marrow involvement in NHL patients with a
high detection rate and the least possible cost
and laboratory work-up.

By exclusion of the morphologically positive
BMA cases, our detection rate by morphological
evaluation of BMB was 19.5% of the BMA
negative cases. This was lower than that ob-
served in 2 studies (28.6% and 35% respectively
[10,33] but higher than a third study, where mor-
phologic evaluation of BMB was positive for
involvement in 10.6% of the specimens [34].

Combining the BMB with IHC, the detection
rate increased to 26.8% and hence 11/41 cases
were upstaged which is higher than other studies
[35,36]. Also a study that used immunohis-
tochemistry and immunophenotyping by flow
cytometry in staging bone marrow biopsies
reported an upstage of 20-22% of their patients
with DLBCL [16].

There are several previous studies addressing
the role of gene rearrangement (IgH/IgL) in
NHL with widely varying detection rates
[15,16,30,33,37,38]. Using PCR amplification of
IgH gene on DNA extracted from BMB, high
detection rates ranging between 54.5% and 75%
were reported [30,33,38] especially when using
FRIII [30] or FRIII and FRII in a seminested
PCR method [33].

To increase the detection rate of the IgH
PCR, 3 sets of consensus primers were used in
this study including the commonly used FRIII.
The consensus primers used were FRII-VH and,
FRIII-VH specific primers. In addition the
consensus FRIc primer directed against a highly
conserved region in the FRI region shared by

6 A Suggested Algorithm for Detection of Bone Marrow

Fig. (2): Algorithm for detection of BM involvement in
diffuse large B-cell lymphoma (DLBCL).

DISCUSSION

Evaluation of bone marrow biopsies is part
of the standard work-up for diagnosis, classifi-
cation, and staging of non- Hodgkin's lymphoma
(NHL). In addition, it is of major importance
in monitoring the course of disease and in as-
sessing the response to treatment. The appraisal
of bone marrow involvement is traditionally
based on morphological examination and has
been shown to be prognostically relevant [30].
There have been several previous studies on
the clinical role of ancillary investigations such
as IHC and flow cytometry [16], in NHL. For a
long time, Southern blot analysis has been the

BMA
(Morphological exam) +ve=stage IV

–ve

+ve=stage IV
BMB

(Morphological exam)

–ve/suspicious

Immunohistochemistry +ve=stage IV

–ve/undetermined

IgH by PCR on BMA +ve=stage IV

–ve=non-stage IV

BUT

Recommended to do IgH by PCR on PB

–ve=non-stage IV +ve=? High risk for
close Follow-up



the 7 VH families was employed for the FRI-
JH amplification [39]. The higher detection rate
observed with FRI in our study signified that
FRI might be the primer with the highest sensi-
tivity of detection of monoclonal IgH gene
rearrangement in DLBCL cases. This result is
supported by the finding of others [23,40] who
used FRI primer in a predetermined algorithmic
format. It has been reported that primers from
FRI compared to the primers from FRIII, were
more sensitive (73% vs 58%) in detection of
monoclonality [41].

PCR amplification of IgH gene detected
clonality in 7/11, (63.6%) of our morphologi-
cally suspicious cases which was higher than a
study [30] that reported clonality in 50% of
morphologically suspicious DLCL cases. How-
ever, another study detected clonality in 3/3 of
morphologically suspicious DLCL cases [33].
The number in this latter study is too few to
make any conclusions. On the other hand, using
FRIII and FRII in a single step PCR method
did not detect any clonality among the 4 mor-
phologically suspicious DLCLs [42].

In this study, we detected clonality in 41.7%
of the morphologically/IHC negative cases.
Lower detection rates were previously reported.
A lower detection rate 6.5% was reported [42]
which might be explained by the use of FRIII
and FRII in a single step PCR method. However,
another study, using the biomed 2 protocol
showed an even lower detection rate of only
~5% [16].

One study reported a rate as high as 60%
but the study involved a very small number (3/5
cases) [33].

It is to be noted that, although our study was
performed on BMA; it revealed a sensitivity of
detection of monoclonality of IgH gene which
was comparable to studies performed on BMB.
This could be attributed to the contribution of
the FRI primer which was successfully amplified
from DNA extracted from BMA. Another con-
tributing factor was the use of semi-nested PCR
method which increases sensitivity besides
decreasing the frequency of false negative results
compared to the single step PCR method [43].

In 2 cases clonality could be detected in PB
but not in the corresponding BMA i.e testing
PB for monoclonality of IgH improved the

detection from 24/41 (58.5%) to 26/41 (63.4%).
This finding of positive PB and negative BMA
was previously reported [15,44].

The 2 cases with PB positive for IgH clonal-
ity without corresponding positivity of BMA
were morphologically suspicious (interstitial in
one case and mixed paratrabecular interstitial
in the other). One of them revealed B cell clonal-
ity by IHC analysis. A possible explanation for
a false-negative result is that the lymphoma is
present in the BMB but not in the BMA from
which the DNA for our assay originated. Lym-
phomatous involvement of the BM tends to be
focal, and it is entirely possible that the tumor
was fortuitously present in the location where
the biopsy needle was inserted, but was not
present in the place from which the aspirate
was taken. Moreover, the area of lymphomatous
involvement, particularly paratrabecular sites,
may be fibrotic and thus, not amenable to aspi-
ration by vacuum suction [45]. This denotes that
including PB in the test will overcome the
limitation of using BMA instead of BMB for
DNA preparation.

In this study, of the 41 stages I-III cases,
only 10 (24.4%) were negative by both methods.
Of the remaining 31, 26 (83.9%) showed IgH
rearrangement and hence were actually stage
IV. The remaining 5 cases were either suspicious
or inadequate by morphology and were found
negative by PCR.

Although there are reports that demonstrated
a significant difference in overall survival at 5
years amongst patients with positive histology
and molecular studies, negative histology but
positive molecular studies, and negative histol-
ogy and molecular studies [15,46], others were
unable to demonstrate such a difference or a
change in the predictive value of the interna-
tional prognostic index (IPI) by inclusion of
molecular staging [16]. Similarly we could not
draw any conclusions about the response to
treatment amongst patients with positive or
negative histology and molecular studies.

In Conclusion, our results confirm that PCR
based IgH gene rearrangement analysis is a
sensitive and specific method for demonstrating
B cell clonality in BMA and PB. It should be
considered as an additional tool to properly
stage DLBCL cases according to the suggested
algorithm.
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ABSTRACT

Background: The mutations in the δ-gene are clini-
cally silent, thus of no clinical significance, yet δ-
thalassaemia can mask the presence of ß-thalassaemia
trait. A total of 67 mutations have been found in the δ-
globin gene of which the majority are structural variants,
but the number and different types in the UK population
has not been investigated thoroughly at the molecular
level.

Patients and Methods: One hundred twenty (120)
cases with a suspected HbA2 variant or δ-thalassaemia
were collected for analysis by a genomic sequencing and
ARMS-PCR strategy developed for the identification of
novel δ-chain variants and δ-thalassaemia mutations.
Cases were selected by HPLC analysis showing a shifted
HbA2 peak or a reduced amount of HbA2.

Results: Twenty eight cases were selected for this
publication. Ninty two cases (76.7%) diagnosed as HbA2'
(HbB2) were published before and excluded from this
publication. Ten different variants were identified, includ-
ing three novel ones. The novel mutations were HBD:
c.157G>C, HBD: c.244C>T and HBD: c.7C>A.

The other results were: One case carried HbA2-
Indonesia codon 69 GGT→CGT; 2 cases carried the HbA2-
Coburg mutation, cd 116 (CGC→CAC); 4 patients carried
the HbA2-Babinga, cd 136 (GGT→GAT); 2 cases carried
the δ-thalassaemic mutation δ cd 4 (ACT→ATT) delta+;
10 cases carried the HbA2-Yialousa mutation, cd 27
(GCC→TCC); 1 case carried the Hb A2-Troodos mutation,
cd 116 (CGC→TGC) and 1 case was homozygous for the
thalassaemic mutation -68 (C→T). Three of the variants
(HbA2-Indonesia, HBD: c.157G>C and HBD: c.244C>T)
had a characteristic shifted retention time on HPLC that
can be used for a probable diagnosis.

Conclusions: We are reporting 3 novel δ-globin gene
mutations with their genotype/phenotype characterization
which can be added to the list of δ-thalassaemia/variants
as a database.
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INTRODUCTION

At present over 1536 mutations have been
found in the human haemoglobin genes the
majority in the α- and ß-globin genes. A total
of 67 mutations have been found in the δ-globin
gene of which the majority are structural variants
(HbVar Database). The mutations in the δ-gene
are clinically silent as the gene is expressed at
low levels, approximately 2-3% of the total
haemoglobin [1]. Although the disorders of δ-
globin are of no clinical significance, δ–thalas-
saemia can mask the presence of ß-thalassaemia
trait [2]. A diagnosis of ß-thalassaemia trait is
usually based on the presence of a raised HbA2
(above 3.5%) in combination with reduced red
cell indices, the coinheritance of δ-thalassaemia
can reduce the HbA2 level to that found in
normal individuals, thus ß-thalassaemia carriers
may be missed. Seventeen δ-thalassaemia mu-
tations have been identified to date. δ–thalas-
saemia mutations can be divided into those
which reduce δ-globin synthesis and those in
which no δ-globin is produced, designated as
δ+ and δ0 thalassaemia respectively [3].

The δ-globin structural variants can also
complicate the diagnoses of ß-thalassaemia
because they may split the HbA2 peak on HPLC
into two equal amounts, and thus may lead to
a misdiagnosis for ß-thalassaemia trait if the
variant peak is not identifiable, for example
due to running with HbA. Thirty two structural
variants have been identified in the δ-globin
gene, but the number and different types in the
UK population has not been investigated thor-
oughly at the molecular level.
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The approach described here applies forward
and reverse DNA sequence analysis of the δ-
globin gene using a set of primers designed to
amplify the whole gene. The method enables
both δ-thalassaemia mutations and mutations
in the coding sequence that result in δ-chain
variants to be identified.

PATIENTS AND METHODS

Blood samples:
Samples were referred to the National Hae-

moglobinopathy Reference Laboratory in Ox-
ford during a 24-month period in 2007-2009
from the following UK haematology depart-
ments for haemoglobinopathy investigations:
Walsgrave Hospital, Coventry; St George’s
Hospital, London; Royal Victoria Infirmary,
Newcastle; City Hospital, Nottingham; Royal
London Hospital, London; New Cross Hospital,
Wolverhampton; Queens Medical Centre, Not-
tingham; Hope Hospital, Salford and Broomfield
Hospital, Essex. All blood samples were sent
as whole blood in EDTA for investigation of a
possible HbA2 variant or an abnormally low
HbA2 level. One hundred and twenty cases were
identified as carriers of δ-globin gene mutations
by cation exchange high performance liquid
chromatography (HPLC) analysis. Cases were
selected because they had abnormal HbA2 peak
by HPLC, indicating that the patient carried a
δ-chain variant or exhibited a reduced HbA2
level below the normal range or low HbA2 for
ß-thalassaemia. In this work, 28 cases out of
120 were DNA sequenced for δ-globin gene
mutation; 92 cases out of 120 (76.7%) diagnosed
as HbA2' (HbB2) were excluded and published
before [4].

Haemoglobin analysis:
Full blood counts were performed on all

blood samples using the Micros 60 automated
cell counter (ABX Diagnostics, Montpellier,
France). HbA2 values were measured by HPLC
with the ß-thalassaemia short programme on
the BioRad Variant-II testing system (BioRad
laboratories, Hercules, California, USA). HPLC
also identifies δ-chain variants as a separate
peak if the variant HbA2 has a different retention
time to normal HbA2. The HPLC retention time
for the normal HbA2 peak is 3.59-3.68 minutes.

Sequence analysis:
DNA was extracted from whole blood using

the standard phenol/chloroform method [5].

Amplification of the δ-gene was performed by
polymerase chain reaction (PCR) using primers
designed to amplify the entire δ-gene (Gene
Bank Accession Number: U01317). The forward
primer (5' Delta Amp) (5` CAGGGCAAGT-
TAAGGGAATAGTGG 3`) was designed in the
5` URR sequence and the reverse primer (3'
Delta Amp) (5` CAGGCAAAGGAAGGAG-
GAAGAA 3`) was designed in the 3` URR. The
PCR was carried out in a 25 µL reaction con-
taining 12.5 µL Qiagen Mastermix from Qiagen
(http://www1.qiagen.com), 2.5 µL Qiagen Q
Solution, 1 µL of each primer (10 pmol/µL), 7
µL Sigma molecular grade water from Sigma
(www.sigmaaldrich.com) and 1µL genomic
DNA. The PCR conditions were 15 minutes at
97°C for the initial step, then 30 cycles of
denaturation for 30 seconds at 97°C, annealing
for one minute at 65°C, and extension for 2
minute at 72°C then 5 cycles of denaturation
for 30 seconds at 97°C, annealing for one minute
at 65°C, and extension for 3 minute at 72°C, a
final extension period of 10 minutes and a pause
at 15°C. PCR amplification was performed in
on a Biometra® Uno II machine.

Forward and reverse cycle sequencing was
then performed using Beckman CEQ™ DTCS
-Quick Start Kit (Beckman, High Wycombe,
UK). Three nested forward sequencing primers
were designed, one in the 5` UTR (5`
GGGCAAGTTAAGGGAAT 3`), one in Intron
I (5` ACTGCTGTCAATGCCCTGTG 3`) and
one in Intron II (5` ATGCTGATGGGAATAAC-
CTG 3`). Two nested reverse primes were used
one in the 3' UTR 5` (ATCTGTAGAGCCT-
CAGGAAC 3`) and one in Intron II (5`
GGAGAAGAGCAGGTAGGT 3`). The prod-
ucts were then processed according to the Beck-
man Coulter CEQ DNA analysis system user
manual (http://www.beckmancoulter. com) and
the sequence analysed on a Beckman Coulter
CE 8000 automated sequencer according to the
manufacturer’s instructions.

RESULTS

DNA sequencing of 28 cases of low HbA2
(other than HbA2') revealed a δ-globin gene
mutation coding for a δ-globin chain variant in
27 patients plus a δ-thalassaemic point mutation
in the promoter region in one patient (Tables
1-3). Twenty one (21) cases out of 28 were
found to have a δ-globin gene mutation reported
previously (http://globin.cse. psu. edu / hbvar/

Three Novel δ-Chain Variants Identified by DNA Sequencing
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menu.html) in the Syllabus of Human Haemo-
globin Variants [6]. Seven cases were found to
have novel mutations.

Known mutations:
One case of Asian origin was identified with

the δ-variant HbA2-Indonesia (δ  cd 69
GGT→CGT; p.Gly70Arg; HBD: c.208G>C)
converting Glycine to Arginine (Fig. 1a). He
had normal red cell indices and a split HbA2
peak totalling 2.7% of the total haemoglobin.
The abnormal HbA2 peak (1.2%) had a retention
time of 4.45 minutes (Table 1, Case 1).

Three cases were observed with different
mutations at codon 116. Two of them were
identified as being heterozygous for HbA2-
Coburg (δ cd 116 CGC→CAC) (p.Arg117His;
HBD: c.350G>A) changing the amino acid
arginine to histidine (Fig. 1b). These individuals
had a low HbA2 of 1.2% and 1.7% on HPLC.
No abnormal HbA2 variant peak was observed
by HPLC (Table 1, Cases 2,3). The third one
was identified with the δ-variant HbA2-Troodos
(δ cd 116 (CGC→TGC)) and converts the amino
acid arginine to cysteine (p.Arg117Cys; HBD:
c.349C>T) and was classified as a δ+ thalas-
saemia mutation. No abnormal HbA2 peak was
observed by HPLC. This patient had reduced
red cell indices due to iron deficiency, with a
low HbA2 of 1.2% (Table 2, Case 13).

Four cases were found heterozygous for the
codon 136 mutation that converts the amino
acid from glycine to aspartic acid. This results
in the δ-chain variant named HbA2-Babinga (δ
cd 136 (GGT→GAT); p.Gly137Asp; HBD:
c.410G>A) (Fig. 1c). None of these cases had
an abnormal HbA2 peak on HPLC analysis
(Table 1, Cases 4-7). The mutation for HbA2-
Babinga is not reported to be a thalassaemic
mutation and thus normal expression of the
variant is expected. The fact that no abnormal
peak was observed indicates it is running with
one of the other Hb peaks normally observed
on HPLC (P2, P3 and Hb A). Three of these
four cases were found to have a P3 peak with
a slightly shifted retention time of 1.77 minutes
instead of the normal P3 retention time of approx
1.65 minutes. One case showed a P3 peak with
a shoulder. Thus it is proposed that the HbA2-
Babinga peak is combined with the P3 peak
and has a retention time of approx 1.75 minutes.
One of these four cases was also a carrier for
the ß-chain variant HbS. Individuals with HbS

trait have a higher normal range for Hb A2 (3.5-
4.5%) than normal individuals. The case with
HbS trait and HbA2-Babinga had an HbA2 level
of 2.9% (Table 1, Case 6). This correlated with
an approximately 50% reduction of the value
expected in HbS trait individuals. This case
also had a mild reduction in their red cell indices,
which was confirmed, by the low % HbS mea-
sured by HPLC, to be α+-thalassaemia trait.
The case had 32% HbS, which is in the range
of 29-34% observed in individuals with α+-
thalassaemia trait. The other cases with this
mutation had normal red cell indices and a
reduced level of HbA2.

Two cases with low HbA2 (1.7% and 0.6%)
were found to have the δ-thalassaemic mutation
(δ cd 4 (ACT→ATT) delta+; p.Thr5Ile; HBD:
c.14C>T) converting threonine to isoleucine
(Fig. 1d). They were also found to be compound
heterozygous for δ-thalassaemic mutation (δ
cd 27 GCC→TCC; HbA2-Yialousa) and a silent
C→ T at codon 97 (Table 2, Cases 1,2). Both
had reduced red cell indices consistent with α-
thalassaemia. Gap-PCR revealed that both were
homozygous for the common -α3.7 mutation.
One of them was more anaemic than the other
(Hb% were 11.9 and 10.4 respectively) which
may account for the too low HbA2 in the more
anaemic one.

Ten cases were found to have codon 27
mutation (GCC→TCC) resulting in the conver-
sion of alanine to serine and has been named
HbA2-Yialousa (p.Ala28Ser; HBD:c.82G>T)
and is designated as a δ+-thalassaemia mutation
(Table 2, Cases 3-12) (Fig. 1e). These cases had
a low HbA2 consistent with the δ-gene mutation
having a thalassaemic phenotype. Three out of
these ten cases were homozygous for the muta-
tion with Hb A2 between 0.7 and 1% (Table 2,
Cases 4,5,7). No normal HbA2 can be synthe-
sised. The variant HbA2 peaks had a retention
time of 3.62 minutes, which were in the position
observed for the normal HbA2 peak. Thus
HbA2-Yialousa does not have a characteristic
retention time. One among these three homozy-
gous also had reduced red cell indices, resulting
from α-thalassaemic mutations, as it was shown
by DNA analysis (Table 2, Case 7). The other
seven cases were heterozygous for the mutation;
four among them had also ß-thalassaemic mu-
tations (two were heterozygous for the ß0-
thalassaemia mutation IVS1-1 G→A and the
other two were heterozygous for the severe ß+-
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thalassaemia IVS1-110 G→A); they had reduced
red cell indices consistent with this type of
thalassaemia which explain their normal HbA2
(2.8%, 3.3%, 3.1% and 3.4%) (Table 2, Cases
3, 6, 11,12). The other three heterozygous for
the mutation, two among them showed HbA2
of 1.9% and 1.5%; the third one had HbA2 of
0.6% which was too low for this type of muta-
tion which was confirmed by α sequencing to
be due to α-thalassaemia trait (α2 cd 104
TGC→TAC; Hb Sallanches) (Table 2, Cases 8,
9,10).

One case that had low HbA2 (1.5%) with
no abnormal peak on the HPLC profile and
normal red cell indices was found homozygous
for the δ-thalassaemic mutation (δ -68 C→T;
HBD: c.-118C>T) (Table 2, Case 14) (Fig. 1f).

Novel mutations:
Three novel mutations were identified in

seven cases. All mutations show characteristic
features of δ chain structural variants. The three
novel mutations were identified by both forward
and reverse sequencing.

One case was a 41-year old male of Indian
origin, with reduced red cell indices and a split
HbA2 peak constituting 3.4% of the total hae-
moglobin. The abnormal HbA2 peak (1.7%)
had a retention time of 4.72 minutes. DNA
sequence analysis demonstrated a mutation
(HBD: c.157G>C) at codon 52 of the δ-globin
gene (GAT→CAT) converting aspartic acid to
histidine (Table 3, Case 1) (Fig. 1g).

Three cases had the mutation (p.Leu82Phe;
HBD: c.244C>T) at codon 81 of the δ-gene
(CTC→TTC), converting leucine to phenylala-
nine (Table 3, Cases 2,3,4) (Fig. 1h). Among
them two cases presented with normal red cell
indices and a split HbA2 peak on HPLC, con-
stituting 2.7% and 2.9% of the total haemoglo-
bin. The abnormal HbA2 peak (1.3% and 1.5%
respectively) had a retention time of 3.82 and
2.9 minutes respectively (Table 3, Case 2,3).
The third one showed low HbA2 (0.5%) and no
abnormal peak on the HPLC; it was found het-
erozygous for the same novel mutation. This
case had normal red cell indices and normal α-
globin gene screening which could not explain
the too low HbA2 (Table 3, Case 4).

The other three cases with novel mutations
had either no or very low HbA2. DNA sequence
analysis demonstrated a mutation (p.His3Asn;
HBD: c.7C>A) at codon 2 [δ cd 2 (CAT →
AAT)] converting histidine to asparagine (Fig.
1i). One of them was homozygous for the mu-
tation and had no HbA2 with mild anaemia (Hb:
10 g/dl) with normal red cell indices (Table 3,
Case 6). The other two were compound het-
erozygous for the mutation and the δ+– thalas-
saemic mutation (δ cd 27, HbA2-Yialousa). One
of them had no HbA2 with mild anaemia (Hb:
10.6 g/dL) and reduced red cell indices which
was diagnosed as iron deficiency [ferritin: 19
µg/L (N: 30-185)] (Table 3, Case 5). The other
one had HbA2 of 0.7% with normal red cell
indices (Table 3, Case 7).

Three Novel δ-Chain Variants Identified by DNA Sequencing

Table (1): Known δ-globin gene variants detected in 120 cases of low HbA2 (other than HBA2').

Case
No

1

2

3

4

5

6

7

Variant
name

HbA2-
Indonesia

HbA2-
Coburg

HbA2-
Coburg

HbA2-
Babinga

HbA2-
Babinga

HbA2-
Babinga

HbA2-
Babinga

HPLC
observation

Split HbA2

Low A2

Low A2

Low HbA2

Low HbA2+
P3 with a shoulder

Low HbA2

Low HbA2+
P3 with a shoulder

Hb A
(%)

1.5

1.2

1.7

1.6

1.1

2.9

1.5

δ variant % and
rt in min

1.2 at 4.45

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

Hb
(g/dl)

11.8

11.5

7.1

11.3

–

10

12.7

MCV
(fl)

94

87

66.7

93.8

–

–

99

MCH
(pg)

28.9

27.9

23.3

29.7

–

25

29.4

Hb F
(%)

0.7

0.6

0.3

0

–

–

1.5

Other
findings

–

–

–

–

–

32% HbS; α+

thalassaemia trait

–

Ethnic
origin

Far East Asian

Dutch

Cypriot

Afro-Carribean

Western European

African

African

rt = Retention time.
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Table (2): Known δ-globin gene thalassaemic mutations and thalassaemic variants detected in 120 cases of low HbA2.

Case
No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Variant
name

cd 4 (ACT>ATT)
delta+

cd 4 (ACT>ATT)
delta+

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2-Yialousa

HbA2 Troodos

- 68 C>T

HPLC
observation

Low HbA2

Low HbA2

Normal HbA2
for ß-Th

Low HbA2

Low HbA2

Low HbA2

Low HbA2

Low HbA2

Low HbA2

Low HbA2

Normal HbA2
for ß

Normal HbA2
for ß

Low HbA2

Low HbA2

Hb A2
(%)

1.7

0.6

2.8

0.9

1

3.3

0.7

1.9

1.5

0.6

3.1

3.4

1.2

1.5

δ variant % and
rt in min

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

Hb
(g/dl)

11.9

10.4

11.2

18.1

10.2

11.6

13

12.3

12.4

11.8

12.7

11.6

16.3

MCV
(fl)

78

73

59

84

91

80

69.7

102

87

78

64.2

66

72.2

84

MCH
(pg)

22.8

18.3

19.7

28.1

29.3

23.9

22.2

32.8

28.3

25.5

21.5

21.9

21.3

27

Hb F
(%)

0

0.9

0.6

0.2

9.1

0.5

2.2

0.4

0.6

1.5

<0.5

0

1.2

Other
findings

-α3.7 thalassaemia
homozygous; HbA2

Yialousa;97
polymorphism

-α3.7 thalassaemia
homozygous; HbA2

Yialousa; 97
polymorphism

ß0-Thalassaemia trait
IVS1-1 G>A

by ARMS

-

-

ß0-Thalassaemia trait
IVS1-1 G>A

by ARMS

-α3.7 thalassaemia
homozygous

-

-

α2-Thalassaemia cd104
TGC>TAC

(Hb Sallanches)

B+-Th (IVSI-110 G>A)

B+-Th (IVSI-110 G>A)

iron def

Ethnic
origin

Cypriot

Guyanese

Turkish

Asian/Malaysian

Egyptian

Italian

Pakistani

Polish

Iranian

Indian

European

Greek

British

Asian Indian
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Fig. (1): DNA sequencing chromatograms of the mutation detected (except HbA2 Troodos) show the depression of the
normal wave by the half and the presence of the abnormal wave. f is homozygous, so there is complete replacement
of the wave.

Table (3): Three novel δ-globin gene mutations.

Case
No

1

2

3

4

5

6

7

Variant
name*

HBD:c.
157G>C

HBD:c.
244C>T

HBD:c.
244C>T

HBD:c.
244C>T

HBD:c.
7C>A

HBD:c.
7C>A

HBD:c.
7C>A

HPLC
observation

Split HbA2

Split HbA2

Split HbA2

Low HbA2

No HbA2

No HbA2

Low HbA2

Hb A2
(%)

1.7

1.4

1.4

0.5

-

-

0.7

δ variant % and
rt in min

1.7 at 4.72

1.3 at 3.82

1.5 at 2.9

No abnormal
peak

No abnormal
peak

No abnormal
peak

No abnormal
peak

RBC
(x1012/L)

5.02

3.98

4.46

3.78

4.44

3.53

4.01

Hb
(g/dl)

12

12.5

13.7

12.2

10.6

10

12.7

MCH
(pg)

23.9

31.5

30.6

32.3

23.9

28.4

31.7

Hb F
(%)

0.3

0.5

0.9

0

1.6

0.6

3.4

Ethnic
origin

Indian

South Korean

Japanese

Irish

Asian Indian

Unknown

Pakistani/
Indian

74

98

95

94

83

87

100

MCV
(fl)

Other
findings

–

–

–

Normal α-globin
gene screen

Ferritin=19 (N: 30-
85 ug/L). HbA2

Yialousa

–

HbA2 Yialousa

* HGVS nomenclature.

(A): Cd 69 mutation
(GGT>CGT), Hb A2 indo-
nesia (HBD:c.208G>C).

(B): Cd 116 mutation
(CGC>CAC),  Hb A2-
Coburg (HBD:c.350G>A).

(C): Cd 136 mutation
(GGT>GAT) Hb A2–Bab-
inga (HBD:c.410G>A).

(D): Cd 4 mutation
(ACT>ATT) (HBD:c.14C
>T).
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(E): Cd 27 mutation
(GCC>TCC) Hb A2–Yia-
lousa (HBD: c.82G>T).

(F): -68 mutation (C>
T) (HBD c.-118C>T).

(G): Novel cd 52 muta-
tion (GAT-CAT) (HBD:
c.157G>C).

(H): Novel cd 81 muta-
tion (CTC>TTC) (HBD:
c.244C>T).

(I): Novel cd 2 muta-
tion (CAT>AAT) (HBD:
c.7C >A).

DISCUSSION

In this study 120 case of low HbA2 were
examined by DNA analysis; 92 cases out of 120
(76.7%) diagnosed as HbA2' (HbB2) were ex-
cluded and published before [4]. Twenty eight
cases out of 120 were DNA sequenced for δ-
globin gene mutation.

One case out of 120 (0.8%) of Far East Asian
origin was identified with the δ-variant HbA2-
Indonesia. It had been described in the Indone-
sian and Malay population at low frequency
and in association with HbE and with ß–thalas-
saemia [7,8]. This case had normal red cell
indices and a split HbA2 peak constituting 2.7%
of the total haemoglobin. The abnormal HbA2
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peak (1.2%) had a retention time of 4.45 minutes
which can be useful in identification on the
HPLC.

Two cases, from Holland and Cyprus, out
of 120 (1.7%) have been identified as being a
carrier for variant HbA2-Coburg [6]. This muta-
tion has been previously described in a Sicilian
family in association with ß-thalassaemia trait
[9]. Hb A2 is low at 1.2-1.7% and there was no
identifiable abnormal HbA2 peak. HbA2 Coburg
is a δ-chain variant without any reported reduc-
tion in expression and thus does not appear to
have a thalassaemia phenotype. This means that
the variant δ-chain peak representing HbA2-
Coburg may run in a hidden position on the
HPLC i.e. masked by HbA, P2 or P3 peaks,
thus this variant is not identifiable by a charac-
teristic HPLC retention time.

The codon 136 mutation found in four cases
out of 120 (3.3%) produces the δ-chain variant
Hb A2-Babinga, previously reported in Babinga
Pygmies (1-2%) and a small number of Black
families in the United States [10]. Two of the
four cases were known to be of African origin,
one of these being a carrier for HbS, which is
commonly found in African communities. Our
studies show that Hb A2-Babinga does not have
a characteristic retention time that can be used
for its identification by HPLC. Our HPLC results
suggest it runs with the P3 peak on HPLC,
causing a slight shift in retention time of the
P3 peak, which could possibly be of use in
identifying the presence of this variant.

Fourteen of the cases were found to have
mutations known to cause δ+-thalassaemia trait.
Two cases (Cypriot and Guyanese) out of 120
(1.7%) were found to have the δ+-thalassaemic
mutation (Codon 4 (ACT->ATT) delta+; HBD:
c.14C>T). They were also found to be com-
pound heterozygous for Hb A2-Yialousa and a
silent C>T at codon 97. This thalassaemic vari-
ant had been described in Greek Cypriots asso-
ciated with a C>T at - 199, a silent C>T at
codon 97, and an AT deletion at position 722
in IVS-II [11]. Both had reduced red cell indices
and were found homozygous for the common
-α3.7 mutation.

Ten cases out of 120 (8.3%) had the δ-globin
gene mutation HbA2-Yialousa indicating that
HbA2-Yialousa is the common δ-thalassaemic
mutation and the second common HbA2 muta-

tion in general. HbA2-Yialousa has been previ-
ously described in a Cypriot family [12], however
our cases were of different ethnic origin which
means it could be ubiquitous. Three cases were
homozygous for this mutation and consequently
had an extremely low HbA2 peak of 0.7-1%,
which ran in the normal HbA2 position. Ho-
mozygosity for this mutation means that the
variant must have the same retention time as
HbA2 and thus cannot be identified by a char-
acteristic HPLC retention time. Four cases were
found compound heterozygous for the mutation
and ß-thalassaemia mutations, suggesting that
HbA2-Yialousa is the common δ-thalassaemic
mutation associated with ß-thalassaemia in our
population. Their HbA2 level were within nor-
mal and low for ß-thalassaemia (2.8-3.4%),
indicating that HbA2-Yialousa could compro-
mise the diagnosis of ß-thalassaemia heterozy-
gosity when this is based on the HbA2 level
only.

One British case out of 120 (0.8%) had the
δ-thalassaemic variant HbA2-Troodos previous-
ly described in a Cypriot family [12]. No abnor-
mal HbA2 peak was observed for this patient,
but it is not clear if the reduced amount of
variant HbA2 runs with normal HbA2 or is
masked by other Hb peaks.

One case of Asian Indian origin out of 120
(0.8%) had the δ-thalassaemic mutation δ-68
C→T (HBD: c.-118C→T). This mutation had
been described by Bouva et al. [13], and was
localized on the AACCAAC sequence [HBD
from c.-120 to -114 (δ -70 to -64)]. The sequence
is considered to be a regulatory element and
can compromise the diagnosis of ß-thalassaemia
carrier.

One case out of 120 (0.8%) with a novel
mutation at codon 52 (HBD: c.157G>C) was
observed in a patient of Indian origin with a
split HbA2 on HPLC. The variant peak expres-
sion (1.7%) was the same as the normal HbA2
peak expression (1.7%) and thus the variant
mutation does not have a thalassaemic pheno-
type. The new variant has a characteristic reten-
tion time of 4.72 minutes which can be used
for identification by HPLC.

A second novel mutation was discovered in
three cases (South Korean, Japanese and Irich)
out of 120 (2.5%). The mutation, at codon 81

Three Novel δ-Chain Variants Identified by DNA Sequencing
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(HBD: c.244C>T), also appears to be a δ-chain
variant without a thalassaemia phenotype as the
HPLC profiles indicate the presence of a split
HbA2 with peaks of equal size. The new variant
has a characteristic retention time of 2.9-3.82
minutes, which can be used for identification
by HPLC. One case among these three could
not be explained for its result (Table 3, Case
4).

The third novel mutation was at codon 2
(HBD: c.7C>A). Three cases (Asian Indian and
Pakistani) out of 120 (2.5%) were found to have
the mutation. One of them was homozygous for
the mutation with no HbA2 on the HPLC which
means that it is δ0-thalassaemia mutation. The
other two were compound heterozygous for the
mutation and the common δ+-thalassaemic mu-
tation (HbA2-Yialousa); one of them had no
HbA2 which can be explained by mutations in-
trans i.e. the two δ-genes are mutated. The other
one had Hb-A2 of 0.7% which can be explained
by mutations in-cis i.e. one δ-gene has the two
mutations leaving one δ-gene intact.

Although our data do not reflect the real
epidemiology of δ-molecular defects in the UK
due to the selection criteria used for detection,
they do suggest that δ-globin gene defects are
very common, raising the possibility of mislead-
ing the diagnosis of ß-thalassaemia carriers. In
cases with HbA2 variants, it is important to
consider the HPLC chromatogram carefully to
avoid an incorrect diagnosis concerning ß-
thalassaemia.
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ABSTRACT

Background: Cellular micro-particles (MPs) are sub-
micron plasma membrane derived vesicles shed into the
circulation by a variety of blood cells and vascular cells
during cellular activation and apoptosis. Currently no
practical, rapid and sensitive test is available for the
diagnosis of acute ischemic stroke. Current knowledge
from earlier studies on MPs suggests that they represent
reliable biomarkers as they are cell specific and released
early in the pathophysiological cascade of the disease.

Patients and Methods: This study included 20 patients
with acute cerebrovascular ischemic infarction confirmed
by neuroimaging as well as 20 matched healthy controls.
Full evaluation of clinical, radiological and laboratory
data was done. Peripheral blood endothelial, platelet,
erythrocyte and monocyte micro-particles were measured
by flowcytometry using their corresponding monoclonal
antibodies (anti CD 62 E, anti CD 61 P, anti CD235 and
anti CD 14) respectively.

Results: A significantly higher CD 235 and highly
significantly elevated CD 61P and CD 14 were observed
in stroke patients compared to controls where platelet
derived micro-particles PMPs were the most commonly
occurring (28.8%). Co-expression of CD61P and CD62E
was a common feature in stroke patients (39.5%) which
was found to be highly significant when compared to
controls. A cutoff value for the co-expression of CD 61P
and CD 62 E as a marker of thrombotic stroke was sug-
gested to be 13.5% using ROC curve statistical method.
This co-expression was higher among stroke patients with
diabetes mellitus and cardiac disease while CD61P ex-
pression was significantly higher in diabetic patients when
compared to non-diabetics. A significant higher expression
of CD 61P and CD 235 was found in patients not receiving
anticoagulation at the time of sampling when compared
to controls.

Conclusions: The higher levels of CD 61P, CD 62 E,
CD 14 and co-expression of CD 61P and 62E suggests
that the systemic endothelial, platelet and inflammatory
cell activation increases the risk for cerebrovascular
morbidities especially in patients with diabetes mellitus
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and history of cardiac disease. MPs co-expressing CD62E
and CD 61P can be used as a test for the early diagnosis
of thrombotic stroke with high sensitivity and specificity.
Establishing a cutoff value for co-expression of CD62E
and CD61P in stroke patients can contribute to the clinical
applications as using MP assay in diagnosis of thrombotic
propensity, monitoring of anticoagulant therapy, and
detection of risk of stroke and ischemic heart disease in
high risk patients.

Key Words: Stroke – Micro-particles – Biomarker –
Flowcytometry.

INTRODUCTION

Cellular micro-particles are small submicron
plasma membrane derived vesicles which are
shed into the circulation by a variety of blood
cells and vascular cells during cellular activation
or apoptosis [1]. Micro-particles are present in
low concentrations in normal plasma and pos-
sess some specific cell surface proteins that
indicate their cell of origin, as well as other cell
surface molecules that regulate their physiolog-
ical and pathologic interactions as coagulation,
cell signaling and cellular interactions [2].

Their procoagulant properties are mediated
through their phospholipid rich surfaces as well
as cell surface molecules reflecting their cell
of origin: Tissue factor (TF), large multimers
of vWF and P-selectin [3]. In the recent years
circulating MPs of endothelial, platelet and
leucocyte origin have been implicated in con-
tributing to the pathogenesis of thrombosis in
different thrombotic disorders [4]. Their newly
diagnosed role in vascular accidents is an area
of immense interest that promises to yield im-
portant advances into diagnosis and therapy [5].
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Increasing studies are exploring the role of
circulating MPs in thrombotic stroke. Currently,
no practical, rapid and sensitive test is available
for the diagnosis of acute ischemic stroke. A
number of soluble molecules have been identi-
fied that are merely associated to these cere-
brovascular accidents. Current knowledge sug-
gests that these membrane derived micro-
particles may represent reliable biomarkers as
they are cell specific and released early in the
pathopysiological cascade of a disease. MPs
can be found not only in the cerebrospinal fluid
but also in tears and circulating blood in case
of blood brain barrier dysfunction. They repre-
sent a new challenge in stroke diagnosis and
management [6].

The aim of this work was to study circulating
platelet, endothelial, monocyte, and erythrocytes
micro-particles in patients with ischemic stroke
in comparison with healthy controls to assess
their clinical application as sensitive biomarkers
for diagnosis, prediction and management of
the disease.

SUBJECTS AND METHODS

An informed written consent was obtained
from all patients or their legally authorized
relatives as well as the healthy controls prior
to their enrolment. Approval of the Institutional
Ethical Review Board was obtained.

This is a case control cross-sectional study
which included 20 patients and 20 age matched
controls. Patients enrolled were those who have
had experienced focal neurological symptoms
and signs lasting 24 hours or longer with a
relevant ischemic lesion within the brain as-
sessed by neuroimaging. Patients above 50 years
of both genders were recruited from the stroke
unit at Kasr Al Aini Hospital. Patients were
excluded if they presented with stroke of other
determined etiology as cardioembolic, hemor-
rhagic, non-atherosclerotic vasculopathy, hyper-
coagulable states or borderzone infarction sec-
ondary to cerebral infarction.

Patients were subjected to full medical his-
tory taking and clinical assessment with empha-
sis on previous thrombotic or bleeding disorders,
previous angina, myocardial infarction (MI),
transient ischemic attacks (TIA), previous cere-
brovascular accidents, presence of cerevascular
risk factors as hypertension, diabetes mellitus,

smoking, hyperlipidemia and history of medi-
cations as antihypertensives and anticoagulants.

Both patients and controls were subjected
to neuroimaging studies (CT brain or MRI),
echocardiography and duplex, ECG, routine
laboratory investigations (complete blood count,
renal functions, liver functions, lipid profile
and hemostatic profile) and flowcytometric
measurement of circulating micro-particles.

Citrated whole blood (2ml) was collected
and processed for platelet poor plasma (PPP).
Micro-particles were obtained by centrifugation
in two steps. The initial centrifugation to obtain
platelet poor plasma was done at 3000 rpm for
25 minutes at room temperature (20ºC-24ºC).
The supernatant was removed and transferred
to another test tube leaving 200µl above the
cell pellet. This was followed by another cen-
trifugation of the supernatant at 5000 rpm for
5 minutes at room temperature. One ml super-
natant was collected for micro-particle measure-
ment leaving a 100µl pellet which was discard-
ed. MPs were stained for 30 minutes in the dark
at room temperature, with periodic vortexing,
by mixing 100µl of PPP with 20µl of each of
the anti-human fluorochrome- conjugated anti-
bodies (fluorescein isothiocynate-labeled anti-
CD 61P with phycoerythrin-labeled anti-CD
62E in one tube and allophycocyanin-labeled
anti-CD 14 with phycoerythrin-labeled anti-CD
235 in a second tube). All antibodies were
obtained from Beckman Coulter except CD
235-PE which was obtained from Dako, Den-
mark. Then 100µl of red cell lysing buffer was
mixed with the sample, followed by vortexing
and 10 minutes incubation in the dark. The
sample was diluted with 200µl phosphate buff-
ered saline (PBS) analyzed on a Beckman
Coulter MCL-XL2 setting the stop condition
for both patients and controls at 3000 events.
An initial micro-particle-size gate was set at
1.0µ based on the forward scatter results.

Statistical method:
In this case-control study, sample size cal-

culation was not possible due to insufficient
literature that suggests the expected mean dif-
ference of micro-particle expression in stroke
patients compared to control subjects.

Clinical and laboratory data were analyzed
using SPSS software (SPSS 17.0, SPSS Inc.,
Chicago, Il). Continuous data was calculated

Circulating Micro-Particles as Potential Hemostatic Biomarkers
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as mean and standard deviation (SD). Clinical
findings were reported in frequency tables.
Micro-particles phenotypic expression compar-
ison was performed using the Student t-test
when data was of normal distribution. For non-
parametric data, Mann-Whitney U test was used
for comparison of mean values. Receiver oper-
ator characteristic (ROC) curve was used for
estimation of cutoff value for expression of
CD61P/CD62E in stroke patients, to contribute
to the future test evaluation. Data were found
significant when p-value was less than 0.05.

RESULTS

The patient population comprised 20 cases
including 17 males and 3 females with an age
range of 50-73 with a mean of 63.65±6.43 and
a median of 64 years.

As regards risk factors, hypertension was
encountered in 18 (90%), hyperlipidemia and
diabetes, each in 15 (75%), thrombophilia and
family history of stroke, each in 2 (10%) and
12 (60%) of patients were smokers.

Other pathological conditions included as-
sociated cardiac disease and renal affection,
each in 5 (25%) as well as respiratory disease
and hepatic affection, each in 3 (15%) of pa-
tients. Presenting complaint and neurological
symptoms and signs encountered in the patients'
cohort are presented in Table (1). Table (2)
presents the medications received by the patients
at the time of diagnosis.

Various circulating micro-particles levels
are presented in Table (3). Table (4) represents
the findings in various patients’ subgroups.

No association was encountered between
any of the circulating micro-particle types on
one hand and any of the presenting complaints,
symptoms or signs on the other hand except for
an association between erythroid micro-particles
(CD235) and blurred vision. Patients who pre-
sented with blurred vision showed a level of
31.0500±29.37667 versus 9.7700±8.44552 for
those who did not present with blurred vision
(p=0.043).

Studying the difference between micro-
particles levels in patients and controls as re-
gards the variable risk factors, no statistically
significant association was found with either
hyperlipidemia, hypertension or smoking. Nei-
ther was there any statistically significant asso-

ciation with the various neurological symptoms
and signs (headache, neuropathy, vertigo, muscle
weakness or memory affection) or with receiving
medication.

Receiver operating characteristic (ROC)
curves were used to determine a cutoff value
for CD61P/CD62E co-expression as a marker
of thrombotic stroke. Suggested cutoff value is
13.5%. Other micro-particles showed an overlap
between patients and controls and calculation
of cutoff values were not possible.

Table (3): Type of medications received by 20 stroke
patients at time of sampling.

Cell specific
micro-particle

Platelet
(CD 61P)

Endothelial
(CD 62E)

Erythrocyte
(CD 235)

 Monocyte
(CD 14)

Co-expression
CD 61P/CD 62E

Controls

5.31±5.79

3.58±4.81

7.72±3.71

2.45±3.43

1.95±1.90

p-value

0.001

0.233

0.031

0.007

0.023*

Patients

28.81±22.67*

2.02±3.16

22.67±22.62

15.05±19.31

39.52±24.79

 Mean ± SD

Table (1): Complaint and neurological symptoms/signs
in 20 stroke patients.

Presentation

Coma

Drowsiness

Rt side
hemiplegia

Lt side
hemiplegia

Muscle paresis

Quadriplegia

No. (%)

8 (40.0)

3 (15.0)

3 (15.0)

3 (15.0)

3 (15.0)

2 (10.0)

Neurological
symptoms/signs

Fainting attack

Fits

Headache

Neuropathy

Memory affection

Muscle weakness

Vertigo

Blurred vision

No. (%)

1 (5.0)

3 (15.0)

11 (55.0)

10 (50.0)

2 (10)

9 (45)

2 (10)

8 (40)

Table (2): Type of medications received by 20 stroke
patients at time of sampling.

Medication

Oral anticoagulant
Antiplatelet therapy
Aspirin + oral anticoagulant
Antihypertensive drugs
Insulin
Oral hypoglycemic

Frequency

5
2
4
18
11
2

Percentage

25.0
10.0
20.0
90.0
55.0
10.0
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DISCUSSION

Although micro-particles are present in low
concentration in normal plasma, increased levels
are generated in response to platelet activation,
direct vascular endothelial damage and thrombin
activity on the cell surface. Indeed their altered
numbers and characteristics that are exhibited
in many vascular diseases with increased throm-
botic predilection (both arterial and venous)
has urged for the need to achieve further ad-
vances towards their use in diagnosis and ther-
apy in vascular accidents.

Since few reports are available on the role
of MPs in thrombotic cerebral stroke, the current
study has aimed to assess the clinical application
of circulating MPs in the diagnosis, prediction
and management of thrombotic cerebrovascular
accidents through the measurement of levels of
platelet (CD61P), endothelial (CD 62E), eryth-
rocyte (CD 235) and monocyte (CD 14) micro-
particles by flowcytometry in a cross sectional
sample of 20 patients and 20 healthy controls.

In the current study, the most common type
of micro-particles was PMP (28,8%), MPs co-
expressing both platelet and endothelial markers
(39.5%) followed by MP of erythrocyte origin
(19.2%), then those of monocyte origin (15%)
and finally endothelial derived MP (2%). Com-
paring MP levels in stroke patients versus con-
trols revealed significantly higher CD 235 ex-
pression and highly significant greater
expression of both CD 61P and CD 14 in stroke
patients compared to control but not endothelial
MPs. This finding is in accordance with other
studies. A study of cerebro-occlusive events,
reported high PMP levels in cerebrovascular
accidents in small and large vessels and multi-
factorial dementia with no apparent effect of

antiplatelet therapy on PMP levels [7]. Again
other studies reported increased levels of PMP
in both acute and chronic phase of cerebral
infarction [8,9] and another study reported that
this significantly correlated with intima media
thickness and intracranial stenosis of carotid
arteries [10]. In contrast to this study, other
studies detected elevation of endothelial derived
MP levels in acute ischemic stroke [11,12]. Also
a recent study on endothelial micro-particles
reported that high levels of CD 62E was asso-
ciated with cardiovascular events in patients
with stroke. This study did not simultaneously
assay PMP [13].

In the current study, CD 61P/CD62E co-
expression was a common feature in stroke
patients. Only a single report on co-expression
of platelet and endothelial markers was found.
This “remarkable” finding, as stated by the
authors, was suggested to be a result of an
interaction between platelets (or platelet frag-
ments) and endothelial cells resulting in cellular
activation and generation of micro-particles of
bi-lineage origin [14].

In healthy control subjects of the present
study erythroid MPs exhibited the highest level
of expression, followed by platelet then endot-
helial and the least was monocyte derived MPs.
This is not in agreement with other reports, in
which the majority of micro-particles in healthy
controls were of platelet origin, followed by
endothelial, red blood cells and monocytes.

MPs level was compared according to pres-
ence or absence of other clinical data of stroke
patients. MPs of erythroid origin were signifi-
cantly higher in patients complaining of blurred
vision. However this finding was not supported
by other studies on stroke patients. In the current

Table (4): Circulating micro-particles level in 20 stroke patients' subgroups.

Patients’
subgroups

Cardiac:
Yes
No

Diabetes:
Yes
No

* Mean ± SD      ** p- value

Circulating Micro-particle Type

Platelet
 (CD 61P)

20.82±21.54*
31.47±23.12

23.08±23.08
46.00±17.78

0.37**

0.047

Endothelial
(CD 62E)

0.97

0.802

1.98±1.55
2.03±3.58

2.12±3.35
1.70±2.81

Erythrocyte
(CD 235)

17.80±15.96
21.54±24.68

19.11±20.44
19.62±32.96

0.89

0.97

Monocyte
 (CD 14)

15.76±21.29
14.79±19.40

12.54±18.64
24.45±21.58

0.92

0.286

CD 61P/
CD 62E

66.73±26.97
25.91±5.04

44.67±26.07
21.50±0.707

0.006

0.05
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study, both CD 61P and CD61P/CD 62E co-
expression were significantly higher in diabetic
patients when compared to non-diabetics. In
partial agreement with our results, endothelial
derived MPs were found to be elevated in pa-
tients with DM with no reports on co-expression
of endothelial and platelet MPs [15]. Other
studies have shown that elevated MPs in diabetic
patients especially of endothelial, platelet and
monocyte origin correlate with diabetic compli-
cations [16]. Another study related platelet and
endothelial MPs levels in diabetic patients to
vascular complications [17].

No significant difference in MPs levels was
found between hypertensive and non–hyperten-
sive stroke patients in the present study. This
is in contrast to other studies which reported
the association between elevated levels of en-
dothelial derived MPs and hypertension [18,19].

The current study showed no significant
difference when comparing MPs levels in pa-
tients with renal dysfunction with disease free
patients. This is in disagreement with a study
done on patients with chronic renal failure that
reported that renal disease is accompanied by
endothelial activation and their results in all
their patient subgroups showed an increase
mainly of platelet-derived MPs, with minor
populations of endothelial and TF bearing MPs
[20].

A recent review on micro-particles as reliable
markers of thrombosis highlighted that the
difficulty in identification, standardization and
quantification methods of MPs, hinders its use
as a practical and clinical diagnostic tool. Further
prospective studies and more evaluation of
diagnostic value of MP assays in different dis-
eases are worth doing to promote the utility of
this technique in clinical practice [21]. Improved
decision making in diagnosis and patient man-
agement is only one route by which tests affect
patient health, and empirical evaluations are
needed to compare the effect of test strategies
on patient health. To establish whether a new
diagnostic test will change health outcomes, it
must be examined as part of a broader manage-
ment strategy [22].

In conclusion, increased circulating micro-
particles (CD 61P, CD 62 E, CD 14 and co-
expression of CD 61P and 62E) suggests that
the systemic endothelial, platelet and inflamma-
tory cell activation increases the risk for cere-

brovascular morbidities especially in patients
with diabetes mellitus and history of cardiac
disease. Establishing a cutoff value for co-
expression of platelet and endothelial circulating
MPs and significant elevation of its level in
stroke patients especially those with history of
DM and cardiac ischemia can contribute to the
clinical application. Evaluation of its plasma
level may be used in diagnosis of thrombotic
propensity, monitoring of anticoagulant therapy,
and detection of risk of stroke and ischemic
heart disease in diabetic patients.
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ABSTRACT

Background: Multidrug resistance (MDR) genes,
multidrug resistance 1 (MDR1) protein and lung associated
resistance protein (LRP), are correlated with the outcome
of treatment of acute myeloid leukemia (AML).

Objective: Our aim in this study was to evaluate the
frequencies of occurrence of MDR1, and LRP in Egyptian
adult AML patients, and to correlate between their expres-
sion and disease prognosis.

Patients and Methods: In this study, the expression
of MDR1 protein (P-gp) & LRP were measured using
flowcytometry on bone marrow samples of 46 de-novo
adult AML patients. Expressions were correlated to clinical
& laboratory variables, response to treatment and overall
survival.

Results: MDR1 protein was found positive or over
expressed in 14 patients (30.4%), 4 (28.6%) of them
achieved CR where as 10 (71.4%) were refractory
(p=0.034). LRP was found positive in 12 patients (26.1%),
6 of them (50%) achieved CR and 6 (50%) were refractory
(p=0.861). MDR1 showed significant correlation with
hemoglobin level (p=0.034), and response to therapy
(p=0.034).

None of the 2 parameters had any correlation with
age, gender, WBC count, organomegally, BM blasts, FAB
classification, BM cellularity or overall survival.

Conclusion: Only positive expression of MDR1 rep-
resents a significant prognostic indicator in adult AML
cases.

Key Words: Adult acute myeloid leukemia – MDR – LRP.

INTRODUCTION

Drug resistance is a major obstacle in the
successful treatment and an important cause of
death in acute leukemia. Such resistance may
be present before beginning treatment or may
develop during chemotherapy. Drug resistance
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that extends to structurally and functionally
unrelated drugs is termed multidrug resistance
(MDR) [1,2].

Several molecular biological mechanisms
have been identified as being associated with
MDR [3]. P-glycoprotein (P-gp) is a product of
the multidrug resistance1 gene (MDR1) and is
an ATP-dependent pump capable of expelling
drugs out of cancer cells [4]. P-gp is a trans-
membrane glycoprotein conferring cross-
resistance to a variety of mechanistically and
structurally unrelated cytotoxic drugs, such as
anthracyclines, taxanes, vinca alkaloids and
epipodophyllotoxins [4]. In addition, a 110 kDa
protein has been identified in a P-gp negative
MDR lung cancer cell line. This protein was
termed the lung resistance protein (LRP). LRP
is the human major vault protein frequently
overexpressed in drug resistant cancer cells and
its expression has been correlated with poor
prognosis. Vault proteins are present in all
eukaryotic cells, and they are highly conserved.
Several clinical data have indicated that LRP
expression can be of high clinical value to
predict the response to chemotherapy in some
tumor types such as non-small cell lung carci-
noma, osteosarcoma, melanoma and neuroblas-
toma [5].

Despite the identification of these proteins,
the pathways that result in drug resistance in
leukemic cells remain largely uncharacterized.
While drug resistance gene expression has been
studied in acute leukemia, the value of MDR1
and LRP gene expression as independent pre-
dictors of treatment success is still controversial
[4,6].
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Our aim in this study is to evaluate the
frequencies of occurrence of MDR proteins P-
gp, and LRP in Egyptian adult AML patients,
and to correlate them with disease prognosis
and clinical and laboratory variables.

PATIENTS AND METHODS

Patients:
The present study was carried out on 46

adult patients with de novo AML, who presented
to the National Cancer Institute, Cairo Univer-
sity, in the period between October 2009 and
December 2010. After an informed consent all
studied patients were subjected to thorough
history taking and full clinical examination. In
addition radiology examination in the form of
chest X-ray, abdominal ultrasound and CT scan
whenever needed were done.

Complete blood picture, bone marrow aspi-
ration and morphological examination, liver
and kidney function tests were also done.

Immunophenotyping was done by flow cy-
tometry (Partec III from DAKO cytomation),
on marrow blast cells with a panel of mono-
clonal antibodies, purchased from DAKO (Den-
mark), including FITC and PE conjugated
CD13, CD33 and MPO. Specific isotype
controls for FITC, PE conjugated monoclonal
antibodies were used. Results were expressed
as percentage of cells showing positive expres-
sion.

Diagnosis of AML was based on the presence
of ≥20% blast cells in BM film according to
WHO proposal [7], together with MPO staining
and immunophenotyping.

Of the 46 newly diagnosed AML patients
enrolled in this study, forty-one patients received
the standard AML induction chemotherapy pro-
tocols applied at the NCI, Cairo University
which are differentiated according to age and
the subtype of AML. Four patients with acute
promyelocytic leukemia received adriamycin
and vesanoid. Thirty-three patients younger
than 55 years received ARA-C plus adriamycin
(3&7) protocol. For the 4 patients aged above
55 years, three of them received ARA-C plus
adriamycin (2&5) protocol while one patient
received oral vepside capsule. Response to
induction therapy was assessed between days
21 & 28 after induction therapy. Patients achiev-

ing complete remission (CR) received consoli-
dation therapy. Patients who did not achieve
CR are considered refractory cases.

Methods:

Detection of MDR1 and LRP expression by
flow cytometry (Partec III from DAKO cyto-
mation) was done on lysed whole blood using
anti-human MDR1 and LRP (FITC) monoclonal
antibodies, purchased from DAKO (Denemark).
Irrelevant monoclonal antibodies of the same
isotypes and protein concentration were used
as negative controls.

For interpretation of the results, the mean
fluorescence index ratio (MFIR) was used,
which represents the ratio between the mean
fluorescence intensity of cells stained with the
specific antibody and that of cells stained with
the isotype-matched control antibody, the case
was considered over expressing or positive for
P-gp at a ratio of ≥1.1 [8], and was considered
positive for LRP when the ratio exceeds ≥0.3.

Statistical methods:

Data was analyzed using SPSSwin statistical
package version 17 (SPSS Inc., Chicago, IL).
Numerical data were expressed as mean and
standard deviation or median and range as ap-
propriate. Qualitative data were expressed as
frequency and percentage. Chi-square test (Fish-
er’s exact test) was used to examine the relation
between qualitative variables. For quantitative
data, comparison between two groups was done
using Mann-Whitney test (non parametric t-
test). Survival analysis was done using Kaplan-
Meier method and comparison between two
survival curves was done using log-rank test.
A p-value<0.05 was considered significant.

RESULTS

Forty six consecutive patients with de novo
acute myeloid leukemia, who presented to the
National Cancer Institute, Cairo University, in
the period between October 2009 and December
2010, were included in this study. They were
33 males and 13 females, their ages ranged
from 18 to 65 with a median of 37.5 years.

The clinico-hematological findings, treat-
ment status and number of deaths of the 46
adult AML patients included in this study are
presented in (Table 1).

MDR Gene & LRP As Prognostic Indicators
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The expressions of LRP & MDR were stud-
ied in the 46 patients. In these patients, we
found 9 (19.5%) patients with simultaneous
activity of MDR & LRP, 29 (63%) without
activity of both, 5 (11%) with MDR activity
only, and 3 patients (6.5%) with LRP activity
only. Therefore, 17 (37%) patients had function-
al activity of one or both proteins.

Table (2) represents the hematological pa-
rameters of 46 adult AML patients in relation
to positive and negative expression of MDR
and LRP. There was no statistically significant
difference between patients with negative and
those with positive MDR and LRP expression
as regards the hematological parameters except
for the Hb (p=0.034).

Table (3) sums the positive and negative
LRP-MDR1 co-expression in relation to other
hematological parameters with no significant
differences (p>0.05).

Of the newly diagnosed 46 adult AML pa-
tients, 24 (52.2%) achieved complete response,
5 (10.9%) died early during the study, while 17
patients (37%) failed to achieve response.

Among those who have positive MDR ex-
pression, 4/14 (28.8%) achieved CR compared
to 20/32 (62.5%) with MDR negative expression
(p=0.034).

Regarding the complete response rate in
relation to positive and negative LRP expres-
sions, 6 out of 12 (50%) patients who have
positive LRP expression achieved CR, compared
to18/34 (52.9%) of those who have negative
LRP expression  (p=0.86).

Finally, we analyzed the coexpression of
LRP and MDR status in relation to clinical
outcome (Table 4). Response to induction che-
motherapy was best (CR rate 62%) in patients
lacking expression of both genes, intermediate
(CR rate 44.4%) in patients expressing both
genes and worst in those with expression of
either of these two genes, (CR rate 25%). Al-
though our results showed that MDR expression
is significantly associated with CR rate, contri-
bution of the combined activity of MDR and
LRP in the CR rate did not achieve statistical
significance (p=0.079).

Table (5) represents the impact of MDR1
expression on response to therapy showing that
–ve MDR1 expression is associated with a
higher CR rate (p=0.034).

Table (1): Clinical and Laboratory Characteristics of 46
adult AML patients.

Range

18-65
18-95
4.3-470
5-34
3.1-11

28.26
71.74

4.3
34.8
39.1
10.9
6.5
4.3

71.73
6.52
8.69
2.17
10.86

Median

37.5
75
58
36
7.3

13
33

2
16
18
5
3
2

33
3
4
1
5

Parameter

Age (years)
BM Blasts (%)
TLC (x109/L)
Plt. (x109/L)
Hb (g/dL)

Parameter

Gender:
Female
Male

FAB  classification:
M0
M1
M2
M3
M4
M5

Treatment Arm:
Ara-C+ADR (3&7)
Ara-C+ADR (2&5)
ADR+Vesanoid
VP16
Early death

: Bone Marrow.
: Total leucocytic count.
: Platelets.
: Hemoglobin.
: French-American-British classification of AML.

BM
TLC
Plt
Hb
FAB

Number (No.) Percent (%)

Table (2): Hematological parameters of 46 adult AML
patients in relation to MDR and LRP expression.

MDR LRP
Parameter

Age (years)

BM Blasts (%)

TLC (x109/L)

Plt. (x109/L)

Hb (g/dL)

* Mean±SD (range).       ** Median.
No significant p-value was detected except with Hb p-value

(0.034).

Positive

39.4±11.4
(24–58)
43

65±20
(30–90)
74.5

48.1±31.5
 (5–97)
49.5

46.5±36.7
(10–134)
33

7.3±2.4
(4.3–11)
7.8

Negative

37.3±14
(18–65)
33

71.8±19.9
(18 –95)
75.5

79.8±91.4
(4.3–470)
64

43±31.2
 (5–134)
37

7.1±1.8
(3.1–11)
7.1

Positive

35.2±11.6
(18–58)
33

69.4±20.7
(30–95)
76

51.2±33.3
(5–116)
52

40.9±38.1
(8.8–134)
27

8.1±2
(4.3–11)
8.2

Negative

39±14
(20–65)*
42.5**

70.1±20
(18–91)
74

79.6±92.7
(4.3–470)
65.5

45.2±30.2
(5–134)
37.9

6.8±1.8
(3.1–11)
6.9
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Fig. (1): Overall survival in relation to LRP expression
in 46 AML patients.
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Fig. (3): Overall survival in relation to combined LRP
and MDR expression in 46 AML patients.

Overall Survival

Figs. (1,2,3) represent the impact of LRP,
MDR separately and combined on overall sur-
vival. No significant differences was encoun-
tered with any (p=0.381, 0.190 and 0.714 re-
spectively).

Table (5): Impact of MDR1 (P-gp) expression on response
to therapy in 46 adult AML patients.

CR: Complete remission.
RF: Refractory.

P-gp expression

Positive >=1.1

Negative <1.1

CR

4
28.6%

20
62.5%

RF

10
71.4%

12
37.5%

Total

14
100%

32
100%

p

0.034

Table (4): LRP & MDR status in relation to response to
therapy in 46 adult AML patients.

Response

Status
CR RF Total

LRP-/MDR-

LRP-/MDR+

or LRP+/MDR-

LRP+/MDR+

18 (62%)

2 (25%)

4 (44.4%)

11 (38%)

6 (75%)

5 (55.6%)

29

8

9

CR: Complete remission.
RF: Refractory.

Table (3): LRP-MDR1 co-expression in relation to other
hematological parameters in 46 adult AML
patients.

Parameter Positive
co-expression

Negative
co-expression

Age (years)

BM Blasts (%)

TLC (x109/L)

Plt. (x109/L)

Hb (g/dL)

36.7±11.9
(24–58)*
39**

66.3±19.5
(30–84)
75

43.2±30.5
(5–97)
46

50.4±42.8
(10–134)
34.5

8±2.3
(4.3–11)
8.2

38.1±13.8
(18–65)
36

70.8±20.2
(18–95)
75

78.4±88
(4.3–470)
65.5

42.3±29.9
(5–134)
36

7±1.8
(3.1–11)
7

* Mean±SD (range).
** Median. No significant value (p>0.05).

p=0.381

LRP groups
Good
Bad
Good-censored
Bad-censored

p=0.714

Time (months)
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Fig. (2): Overall survival in relation to MDR expression
in 46 AML patients.
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DISCUSSION

Drug resistance is a multifactorial phenom-
enon and several mechanisms have been recog-
nized for clinical resistance to chemotherapy
in solid tumors as well as in hematologic ma-
lignancies. The two important mechanisms of
drug resistance in leukemia are expression of
drug resistance genes and activation of anti-
apoptotic mechanism [4].

With the advent of better chemotherapy and
supportive therapy care in the past decade,
clinical outcome has improved considerably for
adult patients with both acute myeloid leukemia
(AML) as well as acute lymphoblastic leukemia
(ALL). However, leukemic cells from adults
are intrinsically more resistant to drugs com-
monly used in induction chemotherapy as com-
pared to those from pediatric patients [6]. Unfa-
vorable karyotype, poor treatment tolerance and
over expression of multi drug resistant genes
in adults could account for this difference [9].

Studies on the treatment of adult AML have
shown only modest improvements over the last
2 decades, with the actual cure rate still ranging
between 15% and 40%. The resistance of tumor
cells to chemotherapeutic drugs is a major
limitation in cancer treatment. MDR phenotype
is the most frequently studied mechanism for
intrinsic drug resistance, yet the prognostic
role of P-gp and other MDR-associated proteins
in adult AML is still largely unknown [4].

Our aim in this study is to evaluate the
frequencies of occurrence of MDR agents P-gp
(MDR1), and LRP in Egyptian adult acute my-
eloid leukemia patients, and to correlate them
with disease prognosis and clinical and labora-
tory variables.

P-gp expression:

In the present study, P-gp expression was
found positive in 14/46 patients (30.4% of all
AML cases), 4 of them (28.6%) achieved com-
plete remission (CR), and was found negative
in 32 patients 69.6%, 20 (83.3%) of them
achieved CR. In agreement with our study Huh
et al. [5] reported P-gp mRNA expression by
RT-PCR in adult and childhood acute leukemia
in 25% of cases at diagnosis. Our data are also
in the range of that described before by Tafuri
et al 21.7% [10]. The percentage of expression

in most of studies is widely variable. This may
be attributed to the use of different techniques
and methods, (different cut-off values) and
pooling of heterogenous groups of patients such
as AML and ALL, initial and relapse samples,
and adult and pediatric cases.

LRP expression:
In our study, we found LRP was expressed

in 12 (26.1%) patients, 6 of them (50%) had
CR. Negative expression was present in 34
patients (73.9%), 18 (75%) of them entered CR.

Similar to our study Tafuri et al. [10] found
that 60.5% of cases were positive for LRP, and
that LRP expression had no influence on CR.
Another study [13] found that MRP1, LRP,
BCRP and GSTP1 expressions showed no sig-
nificant association with response to induction
chemotherapy in AML patients. Recent literature
on expression of MRP1, LRP and BCRP mRNA
at diagnosis has also found no significant asso-
ciation of these genes with response rates [12].

However Pradeep et al. [11] found that the
clinical relevance of other drug resistance genes
LRP, BCRP, GSTP1, DHFR and apoptosis re-
lated genes need to be elucidated.

Double expression P-gp and LRP:
In the current study dual expression of P-

gp and LRP was detected in 9 (19.6%) cases,
4 of them (44.4%) had CR, and 5 (55.6%) were
refractory. Although the result is suggestive of
significant difference, the sample size does not
support statistical confirmation. Huh et al. [5]
reported coexpression of MDR1 and LRP in
21.1% of cases with no significant influence
on CR rate.

Correlation of P-gp and LRP with rates of CR
and refractory cases:

Our results showed significant correlation
between CR group and refractory group in the
expression of MDR1 with (p=0.034) but showed
no significant correlation with LRP (p=0.861).

In agreement with our results, earlier study
[14] stated that only MDR1/P-gp expression and
cyclosporine-inhibited efflux were significantly
associated with complete remission (CR) rate
(p=0.012 and 0.039 respectively). Our data are
also in accordance with recent different groups
who stated that MDR1 expression in AML cases
could be one of the mechanisms responsible
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for induction failure in adult patients [10,11,12].
These results can concur with a report showing
that P-gp expression does not correlate with
CR rates [1].

In contrast to our results, Huh et al. [5] found
that LRP expression was associated with lower
CR rate, while MDR1 appeared to have statis-
tically no significant effect on CR.

Although our data reported that MDR ex-
pression is significantly associated with CR
rate, contribution of the combined activity of
MDR and LRP did not achieve significance.
These contradictory results might be partially
caused by the relatively small patient numbers
in our study. Earlier studies reported that coex-
pression of LRP and MDR1 might result in
worst prognosis [1,10].

Correlation of P-gp and LRP with clinical and
laboratory parameters:

In the current study a significant correlation
was detected between Hb level & MDR1 ex-
pression (p-value 0.034). However no correla-
tion was detected between P-gp or LRP and
other known prognostic markers such as age
and WBCs count, which represent tumor cell
mass, as well as BM blasts. Our results are in
accordance with other researchers who revealed
no relation between either P-gp or LRP and
either age or WBCs count [3]. Moreover, Ozlem
and his colleagues [3] supported our results;
they also found no significant relation between
P-gp and LRP with other prognostic markers.

In conclusion, the present study demonstrates
that only positive expression of MDR1 appears
to represent a significant prognostic indicator
in adult AML, whereas LRP expression has no
significant impact on prognosis in adult AML
cases.

The expression of the tested parameters does
not correlate with other known prognostic fac-
tors such as age or WBCs count.

For better understanding of the factors in-
volved in MDR, we recommend involving al-
ternative drug-resistance mechanisms as MRP
and BCRP with MDR1 and LRP in one study.
Also we recommend conducting studies on large
number of uniformly treated AML patients so
that the statistical studies are more conclusive.
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