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MEMBRANOUS EXPRESSION OF PANCD66, CD66a, CD66b, AND 
CD66c AND THEIR CLINICAL IMPACT IN ACUTE LEUKEMIA

Manar M. Ismail*,**, Amal Zaghloul***,****, Nahla AB. Abdulateef**,***** 
and Heba Kamal*,******

ABSTRACT
CD66 and its isoforms modulate several physiologic processes and have a role in aggressiveness of malignancies. We 

aimed to investigate the expression of pan CD66, CD66 a, b, and c and their clinical implication in acute leukemia. This study 
included 85 cases, 50 AML, 33 ALL and 2 mixed lineage leukemia cases from King Abdullah Medical City, Saudi Arabia. 
PanCD66, CD66a, CD66b and CD66c were detected by flowcytometry at diagnosis and panCD66 was reanalysed at day28. 
The expression rate of panCD66 and CD66c was 51.8% in B-ALL and was significantly correlated with the BCR/ABL gene, P-
value 0.037. CD66a was detected in 11.1% of B-ALL cases and  was significantly associated with shorter overall survival (OS), 
P-value 0.045. In AML, the expression rates were 40%, 28% and 32% for panCD66, CD66b and CD66c respectively. CD66b 
was significantly correlated with favorable cytogenetics and prolonged OS, with P-values of 0.001 and 0.025, respectively. 
CD66c was correlated with CD25 positivity, with a P-value of 0.003. The expression levels of panCD66 at diagnosis and day 28 
were significantly correlated, with a P-value of <0.0001. Accordingly, pan CD66 can be added to the panel for MRD. CD66c 
is a suitable target for monoclonal antibody therapy in B-ALL and AML. However large-scale studies are needed to verify 
their association with cytogenetics, CD25 expression and survival. Key words: pan CD66, CD66a,CD66b,CD66C,AML,B-ALL
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INTRODUCTION

CD66 refers to a family of heavily glycosyl-
ated glycoproteins (CD66a to CD66f) that can 
be separated into two subgroups: the carcino-
embryonic antigens (CEA) and the non-specific 
cross-reacting antigens. CEA belongs to the 
CEA-related cell adhesion molecule (CECAM) 
family and consists of CD66a (NCA-60, CE-
CAM1), CD66b (NCA-95, CECAM 8), CD66c 
(NCA-50 ⁄ 90, CECAM6), CD66d (CGM1, CE-
CAM3), and CD66e (CEA, CECAM5)(18).

Members of this family are critical modula-
tors of several key physiologic processes, in-
cluding cell adhesion, motility, and regulation 
of immune processes(18, 12). Additionally, they 
play a significant role in other cellular processes, 
including the inhibition of differentiation pro-
grams(21), inhibition of apoptosis in colon cells(29), 
and disruption of cell polarization and tissue ar-
chitecture(21). CEA regulates these activities by 
activating integrin-signaling pathways(7).

In normal haematopoiesis, CD66a, CD66b, 
CD66c and CD66d are strongly expressed in 
the myeloid lineage on the surface of myelo-
cytes, metamyelocytes and neutrophilic and eo-
sinophilic granulocytes(35). A low expression of 
CD66 is found on normal promyelocytes and no 

expression has been described for myeloblasts.  
For the lymphoid lineage, strong expression has 
been described for CD66a and CD66c on pre-
cursor B-cells and for CD66a on T-cell precur-
sors(33). 

CD66 a is the most widely distributed pro-
tein within the CEA family, is expressed on 
macrophages, B- cells, IL-2 activated T- cells, 
NK-cell, and platelets(39), is dimly expressed on 
promyelocytes and mature neutrophils(8) .

CD66 b is highly expressed on the surface of 
peripheral blood eosinophils(44). It is  expressed 
by promyelocytes and early myelocytes, reaches 
maximal expression at the late myelocyte and 
metamyelocyte stages and then decreases at the 
band and segmented neutrophil stages(8).  CD66 
c is expressed on granulocytes and their precur-
sors(44). In contrast to CD66 b, CD66 c expres-
sion is highest at the promyelocyte stage and 
progressively declines during maturation(8).

CD66 antigens are frequently upregulated in 
diverse cancers, and theiroverexpressionis of-
ten associated with poor clinical outcome and 
reduced survival(10). In haematologic malignan-
cies, CD66 is expressed on myeloid cells at dif-
ferent stages of maturation and in acute(25) and 
chronic leukaemia(4). CD66a is overexpressed 
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in lung and gastric cancers(40). In tumour tissue, 
the expression of CD66a is reduced in the early 
phases of many cancers including colon, pros-
tate, liver, and breast cancers, and it is thought 
to be a tumour suppressor protein(3). However, 
CECAM1-L, CD66a isoformis overexpressed in 
other types of aggressive cancers,such as mela-
noma, gastric, thyroid, bladder cancers(14) and  
metastatic colon cancer(20), thus demonstrating 
its role in metastasis(14). 

CD66 c inhibits anoikis, a form of pro-
grammed cell death(6), and modulating its ex-
pression alters the malignant phenotype of can-
cer cells.  Its deregulation was first noticed in 
chronic myeloid leukaemia(4) and childhood B- 
acute lymphoblastic leukaemia(17). CD66c might 
be the most specific marker for some aggressive 
cancers(13). 

Acute leukemia is an aggressive disease that 
involves lymphoid and myeloid progenitor cells. 
Leukaemic cells usually have genetic lesions that 
lead to altered protein expression patterns that 
may include changes in normal adhesion mole-
cule expression.CD66c expression represents an 
example of this association where a strong corre-
lation was found between CD66c expression in 
childhood and adult ALL and nonrandom genet-
ic changes, including BCR/ABL positivity, hy-
perdiploidy and absence of TEL/AML1(19). This 
altered expression of adhesion molecules may 
affect the patient’s response to treatment, overall 
survival or disease recurrence because they alter 
the adhesive qualities and survival of leukemia 
stem cells in the supporting bone marrow mi-
croenvironment with a subsequent change in the 
sensitivity of the blasts to chemotherapy(2).

Objectives

To detect the expression of pan CD66, 
CD66a, CD66b, and CD66c on the surface of 
malignant cell population in acute leukaemia 
and study the relation of their expression with 
the initial laboratory investigation, clinical data 
and disease outcome, and to identify the validity 
of their usage in investigating minimal residual 

disease (MRD) or as targets for immunotherapy.

SUBJECTS AND METHODS 

Subjects

This study included 85 newly diagnosed cas-
es of acute leukemia of both sexes selected from 
King Abdullah Medical City, Makkah, Saudi 
Arabia from May 2014 to May 2016. The diag-
nosiswas based on WHO criteria in addition to 
FAB classification. The cases included 50 acute 
myeloid leukemia (AML), 33 acute lymphatic 
leukemia (ALL) and two mixed lineage leukae-
mia (MLL) cases. Secondary leukaemia and re-
lapsed cases were excluded from the study.

This study was approved by the ethics com-
mittee of Umm Al Qura University, Saudi Ara-
bia. All AML cases underwent induction proto-
col 3+7, which consisted of idarubicin 12 mg/m2 
or daunorubicin 60 mg/m2 IV from day 1 to day 
3 and cytarabine 100 mg/m2/d from day 1 to day 
7. All patients who achieved complete remission 
(CR) underwent high dose Ara-C protocol as a 
part of their post-remission consolidation for 3-4 
cycles (27,41).

ALL cases received prednisone 40-60 mgd, 
vincristine 2mg IV and cyclophosphamide 
100mg/m2/IV/D as a prophase treatment; the 
plan of treatment was guided by the patient age 
and Philadelphia (ph)chromosome status. Ph+ 
cases aged 15-40 received Dana Farber Consor-
tium protocol + TKI,> 40 years received either 
Hyper CVAD + TKI or Steroids/vincristine + 
TKI according to their performance.Ph- cases 
received high risk hyper CVAD +TKI. If CR 
was achieved, stem cell transplantation was per-
formed if donors were available(28).

Samples

All cases had representative bone marrow 
(BM) aspiration together with trephine core bi-
opsy specimens for evaluation of BM cellular-
ity. EDTA peripheral blood (PB) and BM aspi-
rate specimens were prepared for flowcytometry 
analysis of surface, cytoplasmic markers, and 
the studied adhesion molecules. Heparinised 
BM samples were obtained for cytogenetic and 
molecular studies. A 4- ml blood sample was 
collected; 2ml was placed in an EDTA tube for 
complete blood count, and 2 ml was placed in 
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a plain tube for biochemical studies after serum 
separation.

Methods

All patients were subjected to a full medical 
history, clinical examination, and the following 
laboratory investigations: 

- Complete blood count was performed by 
automated hematology analyser (Sysmex XT-
2000, Siemens Diagnostics- Germany)

- Determination of liver enzymes using CO-
BAS INTEGRA® 6000 analysers (Roche Diag-
nostics-Germany)

- Examination of stained PB and BM films 
together with biopsy specimen.

- Immunophenotyping was performed using 
the BD-FACS-Canto II System (BD- Bio Sci-
ence) and reagent system (BD- FACS Setup) 
as previously described(26) using an extended 
panel of monoclonal antibodies (MoAbs)  that 
included B cell lineage markers (CD10, CD19, 
CD20, CD22, cyt CD79a, Kappa and Lambda 
light chains, surface and cyt IgM); T cell lineage 
markers (CD2, surface and cyt CD3, CD5, CD7, 
CD4, CD8, CD1a, CD25 ), myelomonocytic 
markers (CD13, CD14, CD15, CD33, CD64, 
CD68, CD117, CD11c, cyto MPO) and mis-
cellaneous markers ( CD56, CD38, HLA DR, 
TdT). CD45 was included in each tube to allow 
the identification of abnormal cell populations 
from the normal hematopoietic population using 
CD45 versus side scatter dot plot and help track 
these cell populations between tubes in the used 
panel. CD34 is a maturational stage-associated 
antigens and is used to identify early progenitors 
or blasts(42). Cell populations were designated as 
positive for a particular surface antigen if ex-
pressed in ≥ 20% and for the intracellular anti-
gen if ≥ 10% of blast events stained beyond an 
appropriate isotype cut-off and are relative to an 
appropriate negative control population. 

- Expression of pan CD66, CD66a, CD66b 
and CD66c by flowcytometry: A panel of mono-
clonal antibodies directly labeled with fluores-
cent dye: Pan CD66 labelled with FITC (BD cat 
#551479), CD66a labelled with PE (R&D cat # 
FAB2244p),CD66b labelled with FITC (BD cat 

# 555724), and CD66c labelled with PE (BD, cat 
# 551478) were used.

Staining procedures:

1. The whole blood staining method was per-
formed, and the cell counts in  whole fresh bone 
marrow EDTA samples were adjusted to 104 
cells using PBS (0.01mol/l) (BD. Cat # 349524). 

2. For each MoAb, we tried a series of di-
lutions to find the highest dilution that gavethe 
strongest stain for the detection system. Testing 
was done on mature neutrophils, whichareknown 
to express CD66 antigens and its isoforms(8).

3. Then, 5 µl labelled MoAb was added to 
50 µl and incubated in the dark at 4°C for 20 
minutes.       

4. The RBCs were lysed by adding 2ml of 
erythrocyte lysing solution (BD. Cat # 349202), 
mixing gently, incubating for 5 minutes, centri-
fuging at 1500g and the supernatant was then 
discarded.

5. Each tube was washed twice with 3ml PBS.

Flowcytometry analysis:

Ten thousand events were passed in front 
of the laser for each tube. The blast region was 
gated by CD45 versus side scatter and compared 
with the isotype control.  The expression level of 
each antigen was recorded as percent positivity 
stained cells within the blast population. Simi-
lar to other studies, the antigen was considered 
positive when ≥ 20% cells in the blast region ex-
pressed the antigen(33). All cases that positively 
expressed pan CD66 at presentation were sub-
jected to reanalysis of the same marker at day 28.

- Cytogenetic analysis: Conventional karyo-
type analysis was performed on metaphase cells 
using standard culturing and banding techniques. 
The results were reported according to the Inter-
national System for Human Cytogenetics No-
menclature(22).

- Fluorescence in situ hybridization (FISH) 
was used as a complement to conventional 
karyotyping to detect or confirm gene rearrange-
ments. The probes used differed per the initial 
diagnosis. (37)
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- Detection of BCR/ABL fusion gene by qual-

itative RT-PCR methods: RNA was extracted 
from PB or BM samples and converted into the 
complementary DNA, which was subjected to 
PCR using 2 separate reactions: the first con-
tained primers designed to amplify all fusions 
containing the ABLa2 exon, and the second 
contained primers amplify all fusions containing 
ABLa3 exon. The type of fusion transcript was 
determined based on fragment analysis by elec-
trophoresis(16).  
Statistical analysis

The data were analysed using SPSS program 
version 20. Quantitative data were presented as 
the mean± SD ormedian and range as appropri-
ate. Categorical data were presented as frequen-
cy and percentage. Comparison between two 
groups was conducted using Student’s t-test, and 
nonparametric Mann–Whitney U and Kruskal–
Wallis testswere usedfor the data that werenot 
normally distributed. Comparison between more 
than 2 groups was made by using the ANOVA 
test. TheWilcoxon signed rank test was used for 
comparison between pan CD66 expression at 
diagnosis and after induction for the same pa-
tients. A chi-square or Fisher’s exact test was 
used for comparisons between qualitative data 
as appropriate. The Kaplan-Meier method was 
used for survival studies. For all comparisons, a 
two-sided alpha value was set at 0.05. Probabil-
ity (P-value) < 0.05 and <0.001 were considered 
significant and highly significant, respectively.

RESULTS 
This study included 85 patients with acute 

leukemia. Their distributions according diagno-
sis were as follows: AML 50 cases (M1 = 13, 
M2 = 17, M3=6, M4 = 4 and M5= 10), B-ALL 
27 cases (pro-B-ALL = 9, common ALL = 14 
and pre-B ALL = 4), 6 T-ALL and 2 MLL cases.

Demographic and initial laboratory investi-
gations of the studied patients are presented in 
Table1. 

Expression of pan CD66 and its isoforms in 
the studied group:

The marker expression levels in AML, B-
ALL and T- ALL are presented as the mean val-
ues ± SD and median (minimum- maximum) in 
table 2 and figure 1. 

In B-ALL cases, 14/27(58.1%) werepositive 
(≥20%)for both pan CD66 and CD66c expres-
sion. 

The number of positive cases in relation to 
different phenotypes was as follows: pan CD66 
and CD66c were positive in 4/9 of pre-B, 7/14 of 
common and 3/4 of pro-B. CD66a was positive 
in 2 cases of common and one case of pro-B phe-
notype with no significant difference between 
them, P-value >0.05. All studied T-ALL cases 
failed to express pan CD66 or any of its studied 
isoforms beyond the cut-off.

To simplify the data presentation for AML 
cases, M1 and M2 grouped as myeloid leukae-
mia, and M4 and M5 grouped as monocytic leu-
kaemia. The level of the studied marker expres-
sion represented in figure 2. 

There was no significant difference between 
the rate of positive expression per the cut-off 
(≥20%) of pan CD66, CD66a or CD66c in AML 
versus B- ALL. CD66b showed a significantly 
higher expression rate in AML as it failed to ex-
press in any of the studied B-ALL cases, P- val-
ue 0.002. There was no significance difference 
in positive expression rate between the FAB 
subgroups of AML. The data shown in table 3.

One of the two MLL cases expressed 
panCD66 and CD66c.This patient had myeloid 
and B-cell lineage differentiations, whereas the 
other patient had myeloid/T cell markers and 
failed to express any of them.

Clinical presentation and initial laboratory 
investigations:

The only difference observed was a signifi-
cantly higher peripheral blood blast count in 
the CD66a+ AML group compared to the nega-
tive group (85.0±7 versus 37. 95±31.2), P-value 
0.049.  Otherwise, no significant difference de-
tected in terms of the clinical presentation, labo-
ratory investigation or demographic data in B-
ALL or AML.

Expression of pan CD66 and its isoforms in 
different cytogenetic classes:

Cytogenetic analysis in AML cases revealed 
that 10/48(20.8%) cases had favourable profiles 
[t(8;21), t(15;17),and inv 16], 30/49 (62.5 %) had 
intermediate profiles [normal karyotype, +8,+4, 
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+11q23, t(9;11),and t(1;9;22)] , and 8/48(16.7%) 
were unfavourable [complex abnormality, inv 
17,t (7;11), monosomy 7, hypodiploidy and 
t(9;22)]. Cytogenetic analysis of B-ALL cases 
revealed that  3/26 (11.5%) had a favourable 
profile [hyperdiploidy], 12/26(46.2%) had an 
unfavourable profile [near tridiploidy, t (9; 22), 
t(17;19), 17p- and 14q-], and 11/26 (42.3%) 
with an unknown prognostic category [normal 
karyotype,9p21- and -12p13]. Two AML and 
one B-ALL cases failed karyotyping due to 
failed metaphase and no recurrent translocations 
detected by FISH(37).

There was no significant difference inthe dif-
ferent cytogenetic classes in B-ALL in eitherthe 
percentage of expression or the number of posi-
tive cases (P-value >0.05). However, it isworth 
notingthat the 3 cases that hadhyperdiploidy 
positively expressed CD66c.

In the AML group, there were significantly 
higher levels of the mean value of pan CD66 and 
CD66c expression in the favourable group com-
pared to the intermediate group. Additionally,the 
mean values of CD66b expressionwere sig-
nificantly higher in the favourable group com-
pared to both the intermediate and unfavourable 
groups. The data shown in table 4. There was no 
significant difference in the cases expressed the 
markers ≥ 20% and the cytogenetic classes (P-
value> 0.05) data not shown

Pan CD66 and its isoforms and BCR/ABL gene 
rearrangement:

In the B-ALL group, the BCR/ABL fusion 
genewas detected in 7/27 (25.9%) cases. Of the 
14 cases that expressed pan CD66 and CD66 c, 
six cases had a BCR/ABL gene rearrangement, 
with a significant correlation, P-value 0.037. In 
AML, the BCR/ABL fusion gene detected in two 
cases. One expressed pan CD66, and the other 
did not. The fusion transcript was e13/a2 or e14/
a2(P210) in 7 cases and one case B-ALL demon-
strated e1/a2 (P190) fusion form.

PanCD66 and its isoforms and early antigens 
(CD34 &117): 

In B-ALL, CD34 and CD117 were expressed 
in 23/27 (85.2%) and 3/27 (11.1%) cases, re-
spectively. In AML, CD34 and CD117 were ex-

pressed in 28/50 (56%) and 39/50 (78%) cases, 
respectively. There were no significant correla-
tions between panCD66 or any of its isoforms 
and expression of the early progenitor markers 
either in B-ALL or AML, P-value >0.05.

Pan CD66 and its isoforms and CD25 
expression:

In B-ALL, only two cases expressed CD25 
(7.4%): one of them expressed pan CD66 and 
CD66c, but the other one did not, and both were 
BCR/ABL fusion gene positive.

In AML, CD25 was expressed in 5/50 (10%) 
cases and showed a significant positive correla-
tion with panCD66 and CD66c expression, P-
value 0.008 and 0.003, respectively. 

Pan CD66 expression at day 28 
There was no significant difference between 

the mean value of panCD66 expression at diag-
nosis and day 28 in the both AML and B-ALL 
studied groups, P-value >0.05.Stability of the 
molecule despite of therapy was noted, and it 
was not shed or internalized.   

Regarding the positive expression (≥20%) of 
panCD66 in B-ALL at day 28, 13/14 cases that 
expressed the marker at diagnosis werestill ex-
pressing it at day 28 with highly significant cor-
relation, P-value <0.0001.

In AML cases, 14/20 cases that expressed the 
marker at diagnosiswere still expressing it at day 
28, and 5/20 showed partial expression of pan 
CD66 (from 10-19%), with a highly significant 
correlation, P-value <0.0001. The data  shown 
in figure 3. 

Complete remission (CR):

The remission rate in B-ALL cases was 
76.9%: 20/26 cases achieved CR, one case was 
missed, 3 cases died before completion of the in-
duction therapy, and 3 cases were refractory to 
induction therapy. The remission rate in AML 
cases was 60%: 30/50 cases achieved CR, six 
cases were refractory to induction therapy, and 
the remaining cases died early during induction 
therapy. No significant difference could be de-
tected between the patients who achieved CR 
and the others with respect to the expression of 
the studied markers in B-ALL and AML, P-val-
ue >0.05.
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Overall Survival (OS):

The median (range) follow-up period for B-
ALL cases was 31.8 (0.0-190) weeks. At the 
end of this period, 5/26 (19.2%) patients were 
dead. The median OS for the whole group was 
48.6 weeks. CD66a positive cases had a shorter 
OS , means ±SE 26.4±14.1weeks and one year 
OS 0.0% versus 57.6 ± 10.8 and 60.0 % in the 
CD66a negative with a significant difference, 
P- value 0.045. Otherwise, no significant differ-
ences detected. Figure 4 represents OS curves.

The median (range) follow-up period of 
AML cases was 20.8(0-88) weeks. At the end of 
this period, 12 (24 %) patients were dead. The 
median OS for the whole group was 64.6 weeks. 
There was no impact of pan CD66, CD66a or 
CD66c positive expression on survival, P-value 
>0.05. The CD66b positive group hada signifi-
cantly longer OS, mean±SE 76.0±7.4 weeks 
and one year OS of 85.7% versus 44.8±4.7 and 
68.4% in the CD66b negative group, P- value 
0.025. Figure 5 represents OS curves.
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Figure 5: Impact of pan CD66 and its studied isoforms on overall survival (OS) in AML cases. 
(A) Impact of pan CD66 on OS. (B) Impact of CD66a on OS. (C) Impact of CD66bon OS (B) 
Impact of CD66c on OS. 

Table 1: Demographic and initial haematological and chemical investigation of the studied 
patients 

 

Parameters studied  AML 
(n=50) 

ALL 
(n=33) P value  

Age (years) 
Mean ±SD 
Median (min-max) 

 
43.94 ± 16.9 
44.5 (15.0-81.0) 

 
26.6±14.5 
20.0 (12.0 - 64.0) 

< 0.0001** 

Sex  
Male (n& %) 
Female (n& %) 
Male: female Ratio                    

 
29.0(58%) 
21.0(42%) 
1.4:1 

 
19.0 (57.6%) 
14.0 (42.4%) 
1.2:1 

 
0.488  

 

Clinical presentation 
Organomegaly 
Anemia 
Bleeding tendency 
Fever 

 
3(6%) 
20(40%) 
17(34%) 
15 (30%) 

 
6(18.8%) 
15(46.9%) 
7(21.9%) 
16(50%) 

 
> 0.05 

TLC (X109/l) 
Median (min-max) 

 
20.6 (0.8-381.7) 

 
9.8(0.8-250.0) 

 
0.319  

Hemoglobin (g/dL) 
Mean ±SD 
Median (min-max) 

 
8.3±2.0 
8.0(3.8-12.7) 

 
9.1±2.3 
8.6(4.6-13.6) 

0.103  

Platelets (X109/L) 
Median (min-max) 

 
46.0(6.0-374.0) 

 
53.0(6.0-306.0) 

 
0.565  

Peripheral blood blast % 
Mean ±SD 
Median (min-max) 

 
39.8±31.9 
39.5(0.0-92.0) 

 
47.7±32.5 
45.0(1.0-96.0) 

 
0.398  

Bone marrow blast % 
Mean ±SD 
Median (min-max) 

 
57.8±23.8 
63.0(21.0-94.0) 

 
83.1±15.8 
89.5(21.0-96.0) 

<0.0001** 

LDH( U/L) 
Median (min-max) 

 
481.0(131.0-1597.0) 

 
416.0(153.0-5658.0) 

 
0.901  

AST (U/L) 
Median (min-max) 

 
24.5(5.6- 1075.0) 

 
27.0(11.0-132.0) 

 
0.200  

ALT (U/L) 
Mean ±SD 
Median (min-max) 

 
37.6±31.7 
30(8.0-220.0) 

 
40.4±23.4 
36.5(15.0- 153.0) 

0.277  

TLC: Total leukocytic count. AST: Aspartate amino transferases. ALT: Alanine amino 
transferases . LDH: Serum lactate dehydrogenase. 
** Highly significant 
 
 

Table 1: Demographic and initial haematological and chemical investigation of the studied patients

TLC: Total leukocytic count. AST: Aspartate amino transferases. ALT: Alanine amino transferases . LDH: 
Serum lactate dehydrogenase. ** Highly significant
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Table 2: Expression levels of panCD66 and its isoforms among different studied groups

Groups sharing the same letter indicate that no statistically significant difference exists between them. 
*Significant
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Table 3: The rate of positive expression of pan CD66 and its isoforms in the studied AML and B-ALL ac-
cording to the standard cutoff for surface marker expression

# There was no significant difference between the rate of marker expression in the different AML-FAB 
subtypes. ^P-value between the whole AML and B-ALL groups. * Significant
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Table 4: Expression levels of panCD66 and its isoforms in AML group in relation to the cytogenetic profile 

* Significance Groups sharing the same letter indicate that no statistically significant difference exists.
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44.Yoon J, Terada A, and Kita H. (2007): CD66b regulates adhesion and activation of human 

eosinophils. J Immunol.179, 8454-8462  





               
 
        

          
   





Figure 1: The expression levels of pan CD66 and its studied isoforms in the malignant cell population in 
acute myeloid leukemia (AML), B- acute lymphoblastic leukemia (B-ALL), T- acute lymphoblastic 
leukemia (T-ALL), and mixed lineage leukemia (MLL). (A) Pan CD66 expression is at very low levels 
in T-ALL compared to B-ALL. (B) CD66a expression shows no significant difference between the dif-
ferent categories. (C) CD66b expression revealed higher levels of expression in AML cases (D) CD66c 
expression revealed low levels of expression in Tcompared to B-ALL.
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Figure 2: The expression levels of pan CD66 and its studied isoforms on the malignant cell population in 
acute myeloid leukemia (AML). (A) Pan CD66 expression shows significantly higher levels in M3 
(P-value < 0.001). (B) CD66a expression shows no significant difference between the different FAB 
subtypes. (C) CD66b expression was higher in M3 (P-value 0.003) (D) CD66c expression shows no 
significant difference between the different FAB subtypes.
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Figure 3:The expression levels of the positive pan CD66 cases in AML and B-ALL. (A) Represents the posi-
tive cases that expressed pan CD66 ≥20% at presentation. (B) Represents follow up of the previously 
positive cases at day 28. There was a highly significant correlation between the expression at presen-
tation and at day 28 (P-value <0.0001).
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Figure 4: Impact of pan CD66 and its studied isoforms on overall survival (OS) in B-ALL cases. (A) Im-
pact of pan CD66 on OS and the same for CD66c. (B) Impact of CD66a on OS. NB. CD66b is not 
expressed in B-ALL.
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DISCUSSION

A proper diagnosis of acute leukaemia is es-
sential to start efficient chemotherapy but the 
subsequent monitoring of MRD to detect early 
recurrence is equally important and currently 
recommended by many guidelines (38). In acute 
leukaemia, the occurrence of aberrant antigen 
expression or “lineage infidelity” has been re-
ported with varying frequency, although its 
clinical relevance remains controversial (5).One 
aspect of clinical importance is the ability to 
use the aberrant antigens as a marker of MRD. 
Comparably, abnormal overexpression or down-
regulation of some cellular proteins have equal 
clinical importance. CD66 family members are 
candidates for both aberrancy and overexpres-
sion in ALL and AML. 

The currently studied B-ALL cases showed 
that the rate of panCD66 and CD66 c expression 
was 51.8%. Both are aberrant myeloid antigens, 
and they have the most frequent aberrant 
antigen expression compared to other myeloid 
antigens, such as CD13, CD33, CD117, 
CD14, CD15, and CD64, in agreement with 
previous reports(16,23,25,38). These findings give 
them a valuable clinical application in patients' 
follow up and the detection of MRD and early 
recurrence. CD66a showed a low expression 
rate (11.1%), in agreement with Skubitz et al.(36). 
This low rate is explained by the downregulation 
of CD66 a in early phases of many cancers, as it 

is suggested to be a tumour suppressor protein(3). 
Additionally, the expression of panCD66, CD 
66 a, and CD66 c was not restricted to certain 
B-ALL phenotypes, comparable to the findings 
of previous authors(33). Regarding the studied 
T-ALL cases, surface expression of the studied 
markers never reached the cut-off, in agreement 
with other authors(33). 

In AML, the rate of panCD66 expression was 
40%, with the heterogeneous expression of the 
studied isoforms. Our results are comparable to 
those of Ratei et al., who demonstrated 46% ex-
pression of CD66 members(33). 

We reported a more frequent expression of 
pan CD66 in B-ALL than AML that did not 
reach the level of significance and was compara-
ble to a report by Carrasco et al.(9). In agreement 
with a previous study, we could not detect any 
significant difference between the rates of posi-
tive expression of CD66a or CD66 c in AML 
compared with B-ALL(33).    

In this study, all cases that expressed pan 
CD66 at diagnosis were reanalysed at day 28 
after completion of the induction therapy. This 
analysis revealed a highly significant correla-
tion between pan CD66 expression at these two 
different time points, indicating the stability of 
the marker after induction chemotherapy, which 
makes it suitable in combination with other 
monoclonals for use in the follow-up and detec-
tion of MRD.
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Figure 5: Impact of pan CD66 and its studied isoforms on overall survival (OS) in AML cases. (A) Impact 

of pan CD66 on OS. (B) Impact of CD66a on OS. (C) Impact of CD66bon OS (B) Impact of CD66c 
on OS.
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A good target for monoclonal antibody 

therapyshould be expressed at a higher percent-
age and not shed during therapy to be available 
for treatment (32). Based on our results, we can 
consider pan CD66 a good candidate for immu-
notherapy in B-ALL and AML due to its high 
frequency of expression and molecular stability 
after induction therapy. However, for specific 
therapy, CD66c  suggested rather than pan CD66 
in B-ALL and AML, despite the relatively lower 
positive rate than panCD66 in AML. However, 
over expression of  CD66c plays a role in several 
of hallmarks of cancer, including uncontrolled 
proliferation anoikis inhibition, neoangiogene-
sis, immune evasion,invasion and metastasis(6,34). 
Targetingsuch, a molecule may aid in the induc-
tion of apoptosis in malignant cells.Silencing 
Cd66c promotes anoikis with down regulation 
of cell survival pathway(11). A limitation of this 
hypothesis is the need for CD66c stability veri-
fication at day 28.The expected side effectswill 
depend on the marker expression inthe normal 
counterpart (8)and will be tolerable becausethe 
normal stem cells and progenitors will not be 
affected butthe more mature granulomonocytic 
cells may be depleted. However, rapid regenera-
tion is expected as the stem cells will remain in-
tact.

We could not find any significant pattern be-
tween the antigen expression and cytogenetic 
classes in B-ALL. However, the 3 hyperdiploid 
cases expressed CD66 c, but due to the small 
sample size, we could not reach significance, 
and other researchers documented such positive 
correlation(19).

In the studied B-ALL, a significant correla-
tion between panCD66 and CD66c expression 
and BCR-ABL gene rearrangement detected. This 
is in agreement with other authors (16,23,30).This 
significant association enables the use of CD66c 
as a predictor for the BCR/ABL rearrangement 
as reported earlier(38). It is noteworthy that in our 
study, the expression of CD66 c was not restrict-
ed to cases harboring the BCR/ABL fusion gene, 
in agreement with Tang et al.(38). Therefore, a 
lack of CD66 c expression might indicate the ab-
sence of the BCR/ABL rearrangement(36), but the 
opposite is not true. CD66 c inhibits anoikis(29) 

and is considered a marker for some aggressive 
cancers (3) that may add to the aggressiveness of 
Ph+ B-ALL(30). The correlations between CD66 
c and BCR/ABL fusion genes prove its expres-
sion on the malignant clone. This result, together 
with the high frequency of CD66c positivity in 
B-ALL cases, strongly supports the inclusion of 
CD66 c for MRD detection.

In AML cases, there were significantly higher 
levels of panCD66 and CD66c in the favourable 
cytogenetic group compared to the intermediate 
group. Pan CD66 b showed significantly higher 
levels in the favourable group compared to both 
the intermediate and unfavourable groups, thus 
making CD66 b a superior isoform in predict-
ing favourable cytogenetic profiles. However, 
a large-scale study is needed to verify this find-
ing. In the current work, we could not find a 
significant correlation of panCD66 or any of its 
isoforms with the expression of the progenitor 
markers (CD34 or CD117) in AML in agree-
ment with an earlier study (33), suggesting that 
the expression of these receptors depends on the 
degree of maturity.      

In our studied AML cases, we could not find 
any significant correlation of panCD66 or any 
of its isoforms with the early myeloid markers 
(CD13 and CD33), in agreement with Ratei et 
al. [33]. In contrast to their work, we could not 
find a significant correlation with the more ma-
ture granulomonocytic markers CD14, 15, and 
64 (data are not shown).  However, we found 
a significantly high positive rate in M3, which 
originates from the promyelocyte stage in a 
manner similar to the normal expression pattern 
of CD66 that starts to appear from the promyelo-
cyte stage(9).

 CD25, high affinity interlukin2 receptor α 
chain (IL-2RA), was expressed in 10% (5/50) of 
AML cases. These cases had a unique phenotype 
as they expressed HLA-DR, pan CD66, CD66c, 
CD11c and CD64 (in 4/5 cases), which give the 
AML blasts a dendritic cell-like phenotype (38,39) 
that enables them to interact with T-helper cells 
and deviate their differentiation towards T-regu-
latory cells. The biological role of IL-2RA was 
studied in lymphoma, wherein the interaction 
between IL-2 and IL-2RA can promote differen-
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tiation of T-cells into regulatory T-cells, leading 
to immune escape status (43).Therefore, a similar 
situation may be generated in the BM microen-
vironment of CD25+ AML cells. Because this 
issue may be fundamentally important, further 
investigations are needed.

CD66 a expression in B-ALL had a negative 
impact on patient prognosis with significantly 
shorter overall survival. To our knowledge, no 
comparable results were detected in acute leu-
kaemia. However, in the same context, pan CD66 
and CD66 a expression were linked to short OS 
in cervical and pancreatic cancer (1, 15). Short OS 
could be explained by the anti-apoptotic effect 
of CD66 a (31), which makes the tumour more ag-
gressive. In AML cases, no such impact of CD66 
a expression was detected on OS, but CD66 a ex-
pression was linked to another poor prognostic 
factor: high peripheral blood blast, which may 
reflect its role in regulating cell migration (24).

CD66b expression was significantly associ-
ated with prolonged survival in AML. Interest-
ingly, CD66b was not correlated with any of the 
poor prognostic factors, CD25 or CD34 expres-
sion, high total leukocyte count or blast count, 
but it was highly expressed with favourable 
cytogenetics. These findings are taken together 
with the results of previous authors who mea-
sured CD66b in the immature compartment of 
myeloblast in MDS and stated that CD66b is an 
independent prognostic factor associated with 
longer OS irrespective of CD34 or CD117 ex-
pression. However, further investigations are 
needed to clarify similar results in AML (13).

Conclusions

PanCD66 and CD66c were expressed in 
51.8% of B-ALL cases, and their expression was 
linked to one of the poor prognostic factors, the 
BCR/ABL fusion gene.  In AML, pan CD66 was 
expressed in 40% of AML cases with a predomi-
nance of both CD66b and CD66c. The clini-
cal significance of CD66 isoform expression in 
AML was heterogeneous.Whereas CD66a ex-
pression is correlated with high PB blast count, 
CD66b is associated with favourable cytogenet-
ics and prolonged OS, and CD66c is correlated 
withCD25 expression.

Recommendations

Pan CD66 could be used in combination with 
other monoclonal antibodies to detect MRD and 
early recurrence in B-ALL and AML. CD66c 
could be a suitable target for monoclonal anti-
body therapy; especially it is correlated with the 
poorprognosisfactors likeBCR/ABL fusion gene 
in B-ALL and CD25 expression in AML. Further 
investigations are needed to clarify the impact 
of CD66b on AML survival and the biological 
value of CD66c expression asa target molecule 
for immunotherapy and in the characterization 
of CD25+AML. 
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 التعبير الغشائي لالشكال المتعدده لل سي دي  66 وتاثيره االكلينيكيه في حاالت سرطان الدم الحاد
منار محمد إسماعيل - امل زغلول  - نهلة احمد بهجت - هبة كمال

 إن سي دي 66 واشكاله المتعددة تعدل في العمليات الفسيولوجية ولها دور هام في عدوانية األورام الخبيثة.  يهدف 
البحث إلى دراسة معدل التعبير عن سي دي 66 الكلي واشكاله األخرى a,b,cو اهميتهم السريرية في سرطان الدم الحاد. 
شملت الدراسة 85 حالة 50 حالة سرطان دم حاد ميلودي,33 حالة سرطان دم حاد غير ميلودي، حالتين سرطان دم حاد 
مختلط في الفترة من مايو 2014 الي مايو 2016. تم قياس هذه الجزيئات بواسطة التدفق الخلوي مع إعادة القياس سي 
دي 66 الكلي عند اليوم 28 من العالج. كان معدل التعبير عن سي دي 66 الكلي %51.8 في حالة B-ALL وارتبط 
بشكل إحصائي ملحوظ مع الجين BCR/ABL   وكان سي دي a 66 موجود بنسبة %11.1 وكان مرتبطا بشكل كبير 
مع قصر البقاء على قيد الحياة في حاالت الدم الميلودي الحاد. كانت معدالت التعبير عن سي دي 66 الكلي b,c،هو 
وكذلك  للمرضي  الكروموسومات  تحليل  مع  كبير  بشكل   66b دي  ارتبط سي  لقد  التوالي.  %40و%28و%32 على 
مع فترة البقاء على الحياة، و ارتبط سي دي 66c بإيجابية مع سي دي 25. وكان مستوي سي دي 66 الكلي عند بداية 
التشخيص مرتبط مع اليوم ال 28 من العالج، وبالتالي سي دي 66 الكلي ممكن ان يضاف الي مجموعة الجزيئات التي 
تستخدم في البحث عن MRD. كما يمكن استخدام سي دي C 66كهدف مناسب للعالج باألجسام المضادة. هناك حاجة 

ماسة لدراسات واسعة النطاق للتحقق من ارتباطهم مع علم الوراثة الخلوية وفترة البقاء على قيد الحياة وسي دي 25.
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ABSTRACT 
Objectives: to investigate endothelin-1(ET-1)  and serum allograft inflammatory factor-1(AIF-1)level as serological mark-

ers for Diabetic Nephropathy and correlated them with the severity of nephropathy in type 2 diabetic patients. Background: 
The development and progression of diabetic kidney disease involves the critical role of inflammation in the pathogenesis of 
diabetic nephropathy (DN). DN is a clinical syndrome which occurs in patients with diabetes, characterized by albuminuria. 
Allograft inflammatory factor-1 is a cytoplasmic, calcium-binding, inflammation-responsive protein that found in human podo-
cyte of kidney.ET-1 is a 21-amino acid peptide with mitogenic and powerful vasoconstricting properties. ET-1 is expressed 
in all cells of the glomerulus and participates in homeostasis of glomerular structure and filtration function.   Material and 
Methods: The study was conducted on 70 patients suffering from diabetes mellitus type 2. In addition, 18 apparently healthy 
matched age and gender subjects as  controls .All subjects were submitted to the followings history taking ,general examination  
, anthropometric measurements: (Weight in kilograms - height in meters) and laboratory investigation include kidney function 
tests,  eGFR,HbA1c,microalbumin,AIF-1, ET-1. Serum AIF-1 and ET-1 were done by ELISA.  Results: there were significant 
statistical difference between the all studied groups (P<0.001)as regardAIF-1 and ET-1. In ROC curve serum AIF-1 and ET-1 
at the cut-off points 84.5 ng/ml,5.4 ng/ml respectively could discriminate diabetes without nephropathy from DN with sensi-
tivity of 100% and 74.3% respectively. Finally:  AIF-1 levels could be better than ET-1as a marker of glomerular damage in 
diabetic kidney disease. So, AIF-1 could be used for early detection of diabetic nephropathy and prevention of progression of 
such vascular complications. Keywords :AIF-1• ET-1• Diabetic Nephropathy • ELISA•
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INTRODUCTION

Diabetic nephropathy (DN), which occurs in 
20% to 40% of all patients with type 2 diabetes 
mellitus, is a metabolic disorder with high mor-
bidity and mortality and is the leading cause of 
end-stage renal disease (ESRD)(15). DN has been 
classically defined as increased protein excretion 
in urine. Early stage is characterized by a small 
increase in urinary albumin excretion (UAE), 
also called microalbuminuria or early DN. More 
propelled illness is characterized by the nearness 
of macroalbuminuria or proteinuria; the last is 
traditionally named overt DN(20).

A few components are included in the patho-
physiology of DN, including metabolic and he-
modynamic modifications, oxidative anxiety, 
and initiation of the renin-angiotensin frame-
work(9). 

In type-2 DM , both of immunologic and in-
flammatory mechanisms assume a critical part 
in its introduction, advancement lastly its move-
ment. the activation of the immune system and 
chronic inflammation are both involved in patho-
genesis of DM and as a result DN.Macrophages 
are recognized as the principal inflammatory 

cell involved in kidney damage, their accumula-
tion relates with severity of DN in experimental 
models(18).

Allograft inflammatory factor-1 is a 143 ami-
no acid, calcium-binding protein encoded within 
the human leukocyte antigen class III genomic 
region in humans and its expression is implicated 
in the inflammatory process(12). AIF-1 is thought 
to be involved in the regulation of cell cycle pro-
gression and cellular activation status(2).

Allograft inflammatory factor-1 is thought to 
play a fundamental role in several cell types in-
volved in chronic immunological inflammatory 
processes but especially macrophages(16).

Endothelins are powerful vasoconstrictor 
peptides and abundantly present in blood vessel 
as it is produced primarily in the endothelium(13).
Endothelin-1 (ET-1) is secreted by glomerular 
endothelial cells, mesangial cells, and epithelial 
cells(32).

Endogenous ET-1 is vital for keeping up 
vascular tone, and upgraded endogenous ET-1 
has been shown in hypertension, coronary artery 
disease, and heart failure (23).
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Aim of the work: 

The study aimed to   investigate serum en-
dothelin-1(ET-1)  and serum allograft inflamma-
tory factor-1(AIF-1)level as serological markers 
for Diabetic Nephropathy and correlated them 
with the severity of nephropathy in type 2 dia-
betic patients.

SUBJECTS AND METHODS 

The present study was carried out at Clini-
cal Pathology Department, Faculty of medicine, 
Menoufia University, in the duration between 
august 2014 and December 2015. The patients 
were selected from the Out-patient Clinics of In-
ternal Medicine in El-Menoufia University Hos-
pitals.

The study included 70 patients suffering from 
type 2 diabetes, their ages ranged from 35 – 
70years. In addition, 18 apparently healthy, age 
and gender matched, subjects were involved as 
controls(group I). The ages of the control group 
ranged between 40-65 years. The patients were 
divided into 2 groups according to microalbu-
min in urine, 35 diabetic patients with urinary 
albumin excretion less than 30 mg/g of creati-
nine (mg/g Cr)(group II) and 35 diabetic patients 
with microalbuminuria,30–300 mg/g Cr (group 
III). Patients were excluded if they had obstruc-
tive kidney diseases, abnormal urinary sediment, 
urinary tract infection, or a past history of glo-
merulonephritis, pregnancy and not on renal di-
alysis machine.

Ethical approval was obtained from the Re-
search Ethics Committee, Faculty of Medicine, 
Menoufia University and informed consent was 
obtained from all participants. A thorough his-
tory and full clinical examination were obtained.

Sampling: a. Blood Samples :7 cm blood 
Samples were collected after 8 hours overnight 
fast and divided into 3 parts; 3 cm first part in 
plain vacutainer tube and serum were separated 
used for immediate assay of fasting blood glu-
cose, kidney function tests. 2 cm the second part 
was collected on potassium ethylene diamine 
tetra-acetic acid (EDTA) tube for glycated he-
moglobin (HbA1c) and 2 cm the third part was 
transferred into another plain vacutainer tube, 
and the serum obtained  was kept frozen at -20ºC 

till measurement  of AIF-1, endothelin - 1 con-
centration. 

b. Urine sample: Random urine samples were 
collected for measurement of albumin/creatinine 
ratio by using rate nephelometric methodology.

Biochemical tests were done on auto analyzer 
SYNCHRON CX5 from Beckman (Beckman, 
Instrument Inc., USA). Glycated hemoglobin 
(HbA1c) was measured using kits supplied by 
Stanbio Laboratory(San Antonio, Texas) .GFR 
was estimated using Cockroft and Gault For-
mula. Formula:{(140 - Age) x wt (kg) x F} / 
(Plasma Creatinine x 72), Where F = 1 if male, 
and 0.85 if female.

ET-1 and AIF-1 were determined by indirect 
enzyme linked immunosorbent assay (ELISA) 
obtained from Glory Science company , Glory 
Science company , 2400 Veterans Blvd. suite 
16-101 Del Rio, TX 78840,USA. Monoclonal 
antibody specific for Endothelin 1 and AIF-1 
were coated the wells. The plate was then incu-
bated and washed, a solution of HRP(horse dish 
peroxidase) labeled monoclonal antibody to En-
dothelin 1 and AIF-1were then added. The plate 
was then incubated and washed to remove excess 
HRP labeled antibody. TMB (tetramethyleben-
zedine) Substrate solution was added. Stop so-
lution was added to stop the substrate response. 
The subsequent yellow shading is perused at 450 
nm. The amount of signal was directly propor-
tional to the level of Endothelin 1 and AIF-1 in 
the sample.

- Statistical analysis:

The results were tabulated and statistical 
analysis was performed using the statistical 
package for social studies SPSS version 20.

RESULTS

There were no significant statistical differenc-
es between the all studied groups regarding age, 
sex, weight and smoking (P-value>0.05). As re-
gard duration and treatment of diabetes mellitus 
and duration of hypertension, there were highly 
significant statistical differences between the all 
studied groups, While there was no significant 
statistical differences between the patient groups 
regarding treatment of HTN (P>0.05) (Table 1).
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As regards urea and creatinine, there were 
no significant statistical differences between the 
all studied groups (P>0.05). As regard HbA1c 
there were high significant statistical difference 
between group I, group II and between group I, 
group III (P<0.001) but there were no signifi-
cant statistical differences between group II and 
group III (P>0.05). There were no significant 
statistical difference between group I, group II 
(P>0.05) but there were highly significant statis-
tical difference between group I, group III and 
between group II and group III as regard eGFR 
(P<0.001). There were no significant statistical 
difference between group I, group II (P>0.05) 
but there were highly significant statistical dif-
ference between group I, group III and between 
group II and group III (P<0.001) as regard mi-
croalbumin /creatinine ratio(Table 2).As regard 
AIF-1 and endothelin, there were highly signifi-
cant statistical difference between the all studied 
groups (P<0.001) (Table 2) 

There was significant positive correlation be-
tween AIF-1, diabetes duration, systolic blood 

pressure, diastolic blood pressure, creatinine and 
microalbumin, but negative significant correla-
tion between AIF-1, and eGFR among patients. 
There was significant positive correlation be-
tween endothelin, diabetes duration, and micro-
albumin, but negative significant correlation be-
tween endothelin and eGFR(Table 3).Receiver 
operating characteristic (ROC) curve analysis 
was constructed to examine the diagnostic per-
formance of AIF-1 for discriminate between 
diabetic without nephropathy and diabetic with 
nephropathy, and it showed that the best cut-off 
level was 84.5 ng/ml, this had a diagnostic sen-
sitivity of 100%,specificity of 91.4%, positive 
predictive value 92.1% and negative predictive 
value 100%, at area under the curve0.99 at 95% 
CI (0.98 – 1.004) (Fig. 1).

As regards endothelin, the best cut-off  
level was 5.4ng/ml with sensitivity of 74.3%, 
specificity of77.1%%, positive predictive value 
76.5% and negative predictive value 75.0%, 
at area under the curve 0.81 at 95% CI (0.70 – 
0.91) (Fig. 1).

Table 1: Clinical characteristics of patients as regard DM and hypertension
Group II

Diabetic without 
nephropathy

N = 35

Group III
Diabetic with 
nephropathy

N = 35

Test P value 

DM duration/year
X ±SD
Range 

3.51±2.09
1 – 8

11.69±5.18
5 – 25

U
6.80 <0.001***

DM ttt
Oral hypoglycemic 
Insulin

25
10

71.4
28.6

3
32

8.6
91.4

X2

28.81 <0.001***

Hypertension (HTN)
Yes 
No

13
22

37.1
62.9

22
13

62.9
37.1

X2

4.63 <0.05**

HTN duration/year
X ±SD
Range

4.38±1.76
2 – 7

9.14±5.59
2 – 20

U
2.91 <0.05**

HTN ttt
α blocker
β blocker 
ACCI
Capozide
Dirvetic
Aleuo
ACEI

N=13
2
2
4
2
2
1
0

15.4
15.4
30.8
15.4
15.4
7.7
0.0

N=22
4
4
2
5
0
2
5

18.2
18.2
9.1
22.7
0.0
9.1
22.7

X2

8.89 >0.05*

X = mean, SD = standard deviation, X2 = chi squared test, U= Mann Whitney U test.

*p-value>0.05 ----------- Non significant (NS)

**P-value<0.05 -------- Significant (S)

*** p –value < 0.001 --------high Significant (HS)

Table 1: Clinical characteristics of patients as regards DM and hypertension

X = mean, SD = standard deviation, X2 = Chi squared test, U= Mann Whitney U test.
*P-value>0.05                              Non significant (NS)
**P-value<0.05                            Significant  (S)         *** P –value < 0.001 --------high Significant (HS)
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Table 2:Biochemical markers of the studied groups
Group 1
Control
N = 18

Group II
Diabetic without 

nephropathy
N = 35

Group III
Diabetic with 
nephropathy

N = 35

U test P value

Urea (mg/dl)
X ±SD
Range 

26.94±7.11
19.8 – 34

26.07±6.88
19.1 – 32.8

28.6±13.17
15.5– 41.7

0.54
0.08
0.48

>0.051*
>0.052*
>0.053*

Creatinine(mg/dl)
X ±SD
Range 

0.75±0.14
0.61 – 0.89

0.83±0.28
0.5 – 1.1

1.14±1.34
0.5 –2.4

0.59
0.34
0.22

>0.051*

>0.052*
>0.053*

Hb A1c%
X ±SD
Range

4.7±0.44
4.2 – 5.5

7.06±0.51
6.4 – 7.5

7.26±0.59
6.4 – 7.8

#
16.65
16.22
1.49

<0.0011***
<0.0012***

>0.053*
eGFR 
ml/min/1.73m2
X ±SD
Range

110.17±10.43
99.7– 120.6

104.5±11.05
90 – 115.5

43.66±8.34
35.3– 52

#
1.84
20.54
29.45

>0.051*
<0.0012***

<0.0013***

Microalbumin 
mg/gm creatinine
X ±SD
Range

15.83±4.88
10.9– 20.7

17.91±4.85
13– 22.7

115.29±70.46
44.8– 185.7

1.26
5.92
7.20

>0.051*

<0.0012***
<0.0013***

AIF -1 (ng/ml)

X ±SD
Range

43.67±8.72
31 – 58

72.2±11.29
34 – 90

102.71±23.56
85 – 155

9.37
10.24
6.91

<0.0011***
<0.0012***
<0.0013***

Endothelin(ng/ml)
X ±SD
Range

3.56±0.67
2.5 – 4.5

4.57±0.79
3.2 – 5.8

5.99±1.28
3.6 - 7.9

4.64
9.10
5.61

<0.0011***
<0.0012***
<0.0013***

X = mean, SD = standard deviation, U = Mann Whitney U test, *= t-test

*p-value>0.05 ----------- Non significant (NS)    **P-value<0.05 -------- Significant (S)

*** p –value < 0.001 --------high Significant (HS)
1= comparing group I (control) with group II  2= comparing group I (control) with group III

3 = comparing group II with group III 

Table 2:Biochemical markers of the studied groups

X = mean, SD = standard deviation, U = Mann Whitney U test, *= t-test
*P-value>0.05  Non significant (NS)    **P-value<0.05                        Significant  (S)
*** P –value < 0.001 --------high Significant (HS)
1= comparing group I (control) with group II  2= comparing group I (control) with group III
3 = comparing group II with group III 

Table 3: Correlation between AIF1, endothelin-1 and different parameters
AIF 1 in patient Groups

N =70
Endothelin-1 in patient Groups

N =70
r P value r P value 

Age/ years 0.05 0.67 0.09 0.26
DM duration 0.76 <0.001 0.37 0.001
Weight /kg 0.16 0.18 0.14 0.26
Systolic blood pressure/mmHg 0.37 0.002 0.03 0.81
Diastolic blood pressure /mmHg 0.34 0.004 0.06 0.64
Mean blood pressure  -0.15 0.21 -0.11 0.35
Urea mg/dl 0.02 0.89 0.04 0.73
Creatinine mg/dl 0.37 0.001 -0.02 0.85
Hb A1c  % 0.13 0.30 0.05 0.69
eGFR ml/min/1.73m2 -0.72 <0.001 -0.55 <0.001
Microalbumin mg/gmcreatinine 0.73 <0.001 0.28 0.02

*p-value>0.05 ----------- Non significant (NS)    **P-value<0.05 -------- Significant (S)

*** p –value < 0.001 --------high Significant (HS)

Figure 1: ROC curve of AIF 1 &endothelin to differentiate between group II(diabetic 

without nephropathy) and Group III(diabetic with nephropathy)
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Table 3: Correlation between AIF1, endothelin-1 and different parameters

*P-value>0.05                              Non significant (NS)           **P-value<0.05                        Significant  (S)
***P –value < 0.001 --------high Significant (HS)
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DISCUSSION
Diabetic nephropathy is the leading cause of 

chronic kidney disease. It is also one of the most 
significant long-term complications in terms of 
morbidity and mortality for individual patients 
with diabetes(28).

The aim of our study was to investigate se-
rum allograft inflammatory factor-1(AIF-1)level 
and endothelin-1(ET-1) as serological markers 
for Diabetic Nephropathy and correlated them 
with the severity of nephropathy in type 2 dia-
betic patients.

The present study showed that AIF-1level 
was increased in Diabetic with nephropathy 
(group III) than Diabetic without nephropathy 
(group II) and control (group I) and this agree 
with(10, 8).

Since the release of AIF-1 is a Ca2+-
dependent mechanism, it seems that this protein 
may play a role in cell-cell interactions under 
inflammatory conditions(27). In particular, the 
ability to bind calcium allows developing 
distinct pathways of signal transduction, 
protein expression and cell cycle control amid 
the enactment of macrophages and microglial 
cells. Thusly AIF-1 results to be a modulator 
of the insusceptible reaction amid macrophage 
initiation and tissue recovery(1, 25). Macrophages 
involved in DN, produce proinflammatory 
factors as chemokines, cytokines and superoxide 
anions(12).The macrophages are responsible of 
the calling “renal remodeling”, so therapeutics 

proposed to inhibit their accumulation may help 
to stop progression(9).

In kidney biopsies from patients with type 
2 diabetes mellitus, macrophage accumulation 
within the interstitium is proportional to the 
level of proteinuria(22). Progressive glomerular 
damage and fibrosis related with expanded mac-
rophage aggregation has likewise been seen in 
various rat models of diabetic nephropathy, and 
macrophages represent all kidney leukocyte 
gathering in the glomerulus by immunofluores-
cence(5,6,29).

There was significant positive correlation be-
tween AIF-1, diabetes duration, creatinine and 
microalbumin, but negative significant correla-
tion between AIF-1, and eGFR among patients.

AIF-1 could be detected in human podocytes 
of kidney biopsy specimens and even in urinary 
sediments of glomerulonehritis patients and so 
it could be used as a marker for podocytes and 
podocyturia. These information demonstrate that 
AIF-1 mRNA was constitutively communicated 
in podocytes, and recommend that upregulation 
of its mRNA may be an outcome of the flood of 
AIF-1 communicating fiery cells into the anti- 
GBM nephritis(31). Allograft inflammatory fac-
tor-1 was expressed in podocytes as well as in 
infiltrating inflammatory cells(31).

Kang et al., observed that plasma AIF-1levels 
were elevated in patients and animals with type 2 
diabetic nephropathy(14). 

Table 3: Correlation between AIF1, endothelin-1 and different parameters
AIF 1 in patient Groups

N =70
Endothelin-1 in patient Groups

N =70
r P value r P value 

Age/ years 0.05 0.67 0.09 0.26
DM duration 0.76 <0.001 0.37 0.001
Weight /kg 0.16 0.18 0.14 0.26
Systolic blood pressure/mmHg 0.37 0.002 0.03 0.81
Diastolic blood pressure /mmHg 0.34 0.004 0.06 0.64
Mean blood pressure  -0.15 0.21 -0.11 0.35
Urea mg/dl 0.02 0.89 0.04 0.73
Creatinine mg/dl 0.37 0.001 -0.02 0.85
Hb A1c  % 0.13 0.30 0.05 0.69
eGFR ml/min/1.73m2 -0.72 <0.001 -0.55 <0.001
Microalbumin mg/gmcreatinine 0.73 <0.001 0.28 0.02

*p-value>0.05 ----------- Non significant (NS)    **P-value<0.05 -------- Significant (S)

*** p –value < 0.001 --------high Significant (HS)

Figure 1: ROC curve of AIF 1 &endothelin to differentiate between group II(diabetic 

without nephropathy) and Group III(diabetic with nephropathy)
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Figure 1: ROC curve of AIF 1 &endothelin to differentiate between group II(diabetic 
without nephropathy) and Group III(diabetic with nephropathy)
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It was found that AIF-1is not only a 

surrogate marker of systemic inflammation in 
type 2 diabetic patients but also up-regulated in 
diabetic kidney through the take-up of glucose 
into renal cells, which prompts the initiation of 
the intracellular insulin signaling pathway and 
pro-inflammatory mechanisms(14).

Song et al., found in their review that AIF-
1was combined in renal glomerular mesangial 
cells, upregulated by high glucose incitement. 
Also, exogenous AIF-1stimulation in renal cells 
unregulated the blend of profibrotic molecules, 
including transforming growth factor (TGF)-β1, 
plasminogen activator inhibitor (PAI)-1, and 
type I collagen(26). Given these findings, AIF-
1seems to be as a proinflammatoryadipokine 
regarding T2DM and other metabolic complica-
tions.

As regards endothelin, there was highly sta-
tistical significant difference between the all 
studied groupsand that was agreed with Kohan 
et al(17).

In glomeruli, ET-1 was found in the endothe-
lium of capillary loops and even though other 
glomerular cells were also shown to produce 
ET-1(11).

Mesengial cells (MCs) are capable of releas-
ing ET- 1 in response to a variety of factors, 
particularly during glomerular injury like an 
increase in glucose concentration as in diabetes 
mellitus(24). Mesengial cells also express ET re-
ceptors which upon activation can induce MC 
hypertrophy, MC proliferation, MC contraction, 
and extracellular matrix production(3).

There was significant positive correlation 
between endothelin, diabetes duration, and mi-
croalbumin, but negative significant correlation 
between endothelin and eGFR. Recombinant 
endothelin-1triggers nephrin shedding from 
podocytes which can be blocked by endothe-
lin receptor A antagonists(7). Thus, in diabetics, 
glomerular podocyte loss occurs at least partly 
via ET-1,in the healthy kidney only senescent 
podocytes are shed in the urine, while in diabetic 
nepropathy viable podocytes are also shed(30).

Serum AIF-1 at the cut-off point of 84.5 ng/
ml could discriminate diabetic with nephropathy 

from diabetic without nephropathy with an area 
under ROC curve (AUC) of 0.99,  sensitivity 
of 100 %, specificity of  91.4 %. While serum 
ET-1 at the cut-off point of 5.4 ng/ml could 
discriminate diabetic with nephropathy from 
diabetic without nephropathy with an area under 
ROC curve (AUC) of 0.81,  sensitivity of 74.3 
%, specificity of  77.1 %. It was explained by 
that;endothelin stimulates proliferation of 
vascular smooth muscle cells, a cellular function 
facilitating the development of hypertension 
and renal disease. Endothelin also increases 
formation of other vasoactive and growth factors 
such as angiotensin II by increasing the activity 
of angiotensin converting enzyme (ACE)(4).

While, AIF-1 is an adipokine in humans (19) 

and these adipokines which are synthesized in 
the kidney appear to have an important role in 
renal injury associated with insulin resistance. 
AIF-1 appears to be an important mediator of in-
flammation. Moschen et al., shown that recom-
binant AIF-1induced measurements subordinate 
creation of professional pro-inflammatory IL-1β, 
TNF-α, and IL-6 and additionally anti-inflam-
matory cytokines like IL-10, and IL-1 receptor 
opponent in human monocytes. There are a few 
conceivable instruments by which constant low 
degree aggravation may be initiated in diabetes 
and its complexities(21). 

Conclusion: Serum AIF-1 levels was better 
than ET-1as a serological  marker of glomeru-
lar damage in diabetic kidney disease. So, AIF-1 
could be used for early detection of diabetic ne-
phropathy and prevention of progression of such 
vascular complication.
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تقييم نسبة االندوثيلين1-  وعامل الطعم الخيفي االلتهابي  1 في مصل مرضي اعتالل الكلي السكري
روحية العدل  -  وليد محمد فتحى - رشا نورالدين - احمد راغب  -  محمد عبدالحافظ

الكلى  اعتالل  في  التسبب  في  لاللتهاب  الحاسم  الدور  على  ينطوي  السكري  الكلى  مرض  وتقدم  تطور  نظرية:  خلفية 
السكري. اعتالل الكلى السكري هو متالزمة سريرية يحدث في المرضى الذين يعانون من مرض السكري، ويتميز بوجود 
البول الزاللي. عامل الطعم الخيفى االلتهابى 1-عبارة عن بروتين مرتبط بالكالسيوم ذو عالقة بمرض السكري النوع الثاني 
. االندوثيلين1-يتكون من 21 حمض امينى وله خصائص مضيقه لألوعيه كما انة موجود في جميع خاليا الكبيبة ويشارك في 
توازن هيكل الكبيبي ووظيفة الترشيح. الهدف: تقييم نسبة االندوثيلين1-  وعامل الطعم الخيفي االلتهابي  1 في مصل مرضي 
البحث: تم  الثاني.  المرضى و طرق  النوع  الكلى في  مرضى السكري  الكلي السكري وارتباطهما بشدة  اعتالل  اعتالل 
أجراء هذه الدراسة على70 شخص يعانون من  مرضى السكرى النوع الثانى  , باإلضافة إلى 18 شخص متوافقين في السن 
والنوع أصحاء  ظاهريا كمجموعة ضابطة  اخضع جميع المشاركين في هذه الدراسة إلي اخذ التاريخ المرضى و عمل فحص 
الهيموجلوبين  الزاللى,  البول  الكلى,  المعملية اآلتية : قياس وظائف  التحاليل  الوزن والطول وعمل  إكلينيكي شامل وقياس 
السكري  وقياس كل من االندوثيلين1-و وعامل الطعم الخيفي االلتهابي  1 باالليزا0 النتائج: وجد ان هناك فروق ذات داللة 
إحصائية بين المجموعات  بالنسبة لكل من  االندوثيلين1-و وعامل الطعم الخيفي االلتهابي.   كما انة وجد ان عند معدل 84.5 
نانو جرام بالنسبة عامل الطعم الخيفي االلتهابي,  1نانو جرام5.4 بالنسبة لالندوثيلين1- يمكن التمييز بين مرض السكري دون 
اعتالل الكلى ومرضى اعتالل الكلى السكرى بنسبة حساسية %100 و%74.3 على التوالي. والخالصة:  ان مستوى عامل 
الطعم الخيفي االلتهابي  1 يمكن أن يكون أفضل من االندوثيلين1-كعالمة للضرر الكبيبي في أمراض الكلى السكري. لذلك، 
عامل الطعم الخيفي االلتهابي  يمكن استخدامة للكشف المبكر عن اعتالل الكلية السكري والوقاية من تطور هذه المضاعفات 

الوعائية.
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ABSTRACT
Objective: To evaluate and compare the clinical utility of neutrophil CD64 and procalcitonin(PCT) as early predictors of 

sepsis and as prognostic factors for  the associated mortality in patients with systemic inflammatory response syndrome (SIRS).
Study design:  Eighty-two SIRS patients who were diagnosed based on the definitionof the American College of Chest Physi-
cians and the Society of Critical Care Medicine( ACCP/SCCM) were enrolled in this study. Patients were classified prospec-
tively into two groups:Group(I):  SIRS with sepsis  (n=50), confirmed with positive blood culture,  and group(II) : SIRS without 
sepsis group (n=32), confirmed with negative blood culture, served as patient control. According to outcome, patients with 
sepsis were classified after a follow-up period (28 days) into two groups: Survivors and non-survivors. Serum procalcitonin, 
C-reactive protein, and flow cytometric analysis of CD64 were performed for all patients on the first 24 hours, and on the 3rd 
and 7th days of treatment.Results: A highly significant increase of neutrophil CD64 and PCT was detected in the sepsis group 
as compared to the non-sepsis group. Expression of CD64 at a cut-off value of 75% had 66% sensitivity, 100% specificity and 
86.7% efficacy, while PCT at a cut-off value of 0.89ng/ml had 82% sensitivity, 100% specificity and 94.6% efficacy as predic-
tors for sepsis in SIRS patients. Sepsis survivors showed significantly lower expression of CD64 and PCT as compared to non-
survivors. An optimal cut-off value of 87% expression for CD64 predicted mortality with 88.9% sensitivity, 78% specificity and 
87.9% efficacy. Meanwhile, a cut-off value of 1.86ng/mlfor PCT predicted mortality with 88.9 % sensitivity, 56.1 % specificity 
and 77.1% efficacy. Conclusion: Neutrophil CD64 and PCT are  valuable markers for the diagnosis of sepsis, and in follow-
ing the effectiveness of treatment and determining the prognosis of sepsis. Keywords:NeutrophilsCD64, Sepsis, Procalcitonin
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INTRODUCTION

Systemic inflammatory response syndrome 
(SIRS) is the process in which  the immune sys-
tem is over-stimulated and the pro-inflammatory 
response precedes the anti-inflammatory reac-
tion. The excess of pro-inflammatory cytokines 
causes excessive activation of leukocytes, re-
lease of lytic enzymes and toxic radicals and 
endothelial damage, which results in increased 
vascular permeability, circulatory disturbances 
and eventually organ failure(13,21).

As the SIRS is the major cause of mortality 
in both medical and surgical intensive care units 
(ICUs), early and accurate diagnosis of sepsis is 
associated with improved outcomes and several 
clinical laboratory tests have been applied to the 
diagnosis of sepsis(4). The definitive broth cul-
ture method is the gold standard for the diagno-
sis of bacterial infection, but it takes 24 hours or 
more before reaching a conclusive diagnosis. In-
flammatory markers, as leukocyte cell count, C 
reactive protein (CRP), and cytokines as:Tumor 
necrosis factor- α (TNF-α), interleukin-1β (IL-
1β), or interleukin-6 (IL-6), have been applied 
in the diagnosis of inflammation and infection, 

but their lack of specificity has generated a con-
tinued interest to develop more specific clinical 
laboratory tests(16).

There remains a great necessity for efficient 
markers that can reliably predict and identify 
truly infected SIRS patients early in the sepsis 
process for therapeutic decision-making and to 
rule out infection in suspected, but non-infected 
patients(7).

Neutrophil CD64 is one of many activation-
related antigenic changes manifested by neutro-
phils during the normal pathophysiologic acute 
inflammatory response. Polymorph nuclear leu-
cocytes (PMNL)expression of CD64 is up-regu-
lated under the influence of inflammatory related 
cytokines such as interleukin-12 (IL-12), inter-
feron gamma (IFN-γ) and granulocyte colony 
stimulating factor (G-CSF)(9,13). Up-regulation 
of CD64 in the presence of such cytokines or 
in response to infection is one of many changes 
elucidated in the last few decades as part of neu-
trophil activation (8,22).

Procalcitonin (PCT) is a precursor protein of 
the hormone calcitonin, which has been markedly 
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elevated in sepsis and can reach a level of1000 
ng/ml  during septic shock(19). It plays a critical 
role as a mediator in systemic infections and one 
of the promising markers in sepsis, owing to its 
specificity to bacterial infections.Procalcitonin 
has been proposed as a pertinent marker in the 
rapid diagnosis of bacterial infection, especially 
for use in hospital emergency departments and 
intensive care units. Local bacterial infections, 
viral infections, autoimmune and allergic 
disorders do not induce PCT(18).

So, our aim wasto evaluate and compare the 
clinical utility of neutrophil CD64 and PCT as 
early predictors of sepsis and as a prognostic 
factor the associated mortality in patients with 
sepsis.

PATIENTS AND METHODS

Subjects

After obtaining our institutional ethical com-
mittee approval, a written informed consent was 
taken from the first degree relatives of eighty 
two adult patients with SIRS, of both sexes, aged 
between 35 and 65 years old. Patients were ad-
mitted to the Surgical Intensive Care Unit in Ain 
shams University Hospital.

The diagnosis of SIRS was based on the 
definition of the American College of Chest 
Physicians and the Society of Critical Care 
Medicine(ACCP/SCCM)(1997),according to the 
following criteria: Body temperature >38oC or < 
36oC, heart rate > 90 beats/min, respiratory rate 
> 20 breaths/min and white blood cell (WBCs) 
count > 12,000 cells/mm3 or < 4,000 cells/mm3 
or >10% immature (band) forms (9). Diagnosis of 
SIRS was considered if two or more of the previ-
ous criteria were met. 

Patients were identified and enrolled for the 
study within the first 24 hours from the time of 
suspicion of infection.

Exclusion criteria were shock, surgery within 
the previous week or a life expectancy of <24 
hours. Patients receiving treatment with steroids, 
or immunosuppressive drugs were also excluded.

All patients were subjected to the following:

•Thorough history taking and clinical exami-
nation. 

• Radiological examination including chest 
x-ray and abdominalultrasonography

Laboratory investigations including:-

• Complete blood count (CBC)and differen-
tial WBC count using Coulter Max M Counter. 
[samples were taken on the first day of admis-
sion and subsequently daily till ICU discharge].

• Blood culture using the BACTEC 9050 
system (Becton Dickenson Microbiology 
system(7), [taken in the first 3 days of  ICU 
admission and diagnosis of sepsis].

• Quantitative measurement of serum CRP 
concentration by immunoturbidimetry  using kit 
supplied by Behring Diagnostics (GmbH, Mar-
burg, Germany) [samples taken on the first day 
of admission ,72 hours after and on the 7th day 
of admission and diagnosis of sepsis].

• Expression of CD64 on neutrophil surface 
by flow cytometry (Epics Profile II Coulter) us-
ing DAKO monoclonal antibodies (Glosture, 
Denmark) [samples were taken on the first day 
of admission,72 hours after and on the  7th day 
of admission and diagnosis of sepsis].

• Procalcitonin assay (PCT) was measured by 
animmunoluminometric‘LUMItest®PCT’kitsup
plied by Behring Diagnostics (GmbH, Marburg, 
Germany) [samples were taken on the first day 
of admission, 72 hours after and on the 7th. day 
of admission and diagnosis of sepsis].

This prospective controlled randomized ob-
servational study was done between September 
2011 and August 2012 where patients were clas-
sified on the basis of clinical observation and 
blood culture results into 2 groups:

Group (I): SIRS with sepsis (n=50): This 
group included patients with two or more crite-
ria of SIRS and documented infection which is 
confirmed by positive blood culture.

Group (II): SIRS without sepsis (n=32): This 
group included patients with two or more criteria 
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of SIRS and negative blood culture. They served 
as patient control group.

Patient outcome was assessed during a fol-
low-up period of 28 days after inclusion. Pa-
tients were assigned into survivors (as they were 
discharged from the hospital at the end of the 
28 days follow-up period) and non-survivors 
(dead).

Samples:

Three milliliters (mL) of blood were collect-
ed in a tube containing K3-EDTA for complete 
blood count and flow cytometric analysis of neu-
trophil surface marker CD64. Another three mL 
of blood were collected in a plain tube in which 
blood was left to clot, centrifuged at room tem-
perature at 1600xg for 15 minutes and serum was 
separated for CRP determination. Blood samples 
were collected on admission (0 hour) then at24, 
72 hours, and at diagnosis of sepsis.  For blood 
culture,10 mL of whole blood were collected 
under complete aseptic precautions in blood cul-
ture Bactec bottles for testing both aerobic and 
anaerobic organisms.

Flow cytometric analysis:

Flow cytometric analysis of neutrophil CD64 
expression was performed on EPICS-XL Coult-
er Flow Cytometer using fluorescein isothiocya-
nate (FITC) labeled anti-CD64 together with an-
other tube using an isotypic control specific for 
the monoclonal used within 24 hours of collec-
tion. All monoclonal antibodies were purchased 
from Becton Dickinson (Mountain View, CA., 
USA).

The collected blood was incubated with the 
mentioned monoclonal antibody for 30 minutes 
at room temperature in the dark. Erythrocytes 
were lysed by adding a lysing solution (ammoni-
um chloride 0.85% buffered with potassium bi-
carbonate pH 7.2) for 5 minutes at 37°C. Finally, 
the samples were washed with phosphate buffer 
saline (PBS) prior to flow cytometric analysis. 
The neutrophils were specifically analyzed by 
selective gating based on the parameters of for-
ward and side scatter.

Statistical method:

All calculations were statistically analyzed 

using SPSS software version 15.1.Quantitative 
variables were described as mean± standard 
deviation,median and interquartile range (IQR), 
while qualitative variables were described as 
numbers and percentage. Significance was deter-
mined using Chi square test and Mann-Whitney 
U test for qualitative andquantitative data re-
spectively, taking the probability (P) level of sig-
nificance at <0.05. The diagnostic performance 
of CD64 and PCT was assessed usingthe receiv-
er operator characteristic (ROC) curve analysis 
withdetermination of the optimal cut-off values. 
The ideal cut-off criteria for the laboratory re-
sults were chosen by determining the point lying 
geometrically closest to an ideal test with 100% 
specificity and sensitivity.

RESULTS

The two groups were statistically comparable 
regarding demographic distribution data and 
outcome (survivors and non survivors) of the 
studied group (p>0.05) (Table 1).

A highly significant rise in CD64 neutrophils 
expression and PCT levels was detected in pa-
tients ofgroup I (SIRS with sepsis) as compared 
with patients of group II (SIRS without sepsis)
(p<0.001). A significant increase in WBCs count 
was also encountered in group I as compared to 
group IIpatients (p<0.033), whilst no significant 
rise was noticed in CRP levels between both 
groups (p > 0.05) (Table 2).

Using Roc curve,CD64 expression(a cut off 
value of 75%) and PCT level(acut off value-
of>0.89 ng/ml) were able to predict early onset 
sepsis with sensitivity 66% and 82% and speci-
ficity 100% and 100% respectively (Table 3). 
Diagnostic performance test results for predic-
tion of mortality among patients with sepsis are 
shown in table (3). CD64 expression at a cut-off 
value of 87 % and PCT expression at a cut-off 
value of >1.86ng/ml can predict sepsis outcome 
with 88.9 % sensitivity, 78 % specificity, and 
88.9 % sensitivity, 56.1 % specificity respec-
tively.

Regarding sepsis outcome, a highly signifi-
cant increase in CD64, PCT, and WBCs count 
was evident in non-survivors as compared to 
survivors (p<0.05) (Table 4 & Figure 1a, 1b)
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using Chi square test and Mann-Whitney U test for qualitative 

andquantitative data respectively, taking the probability (P) level of 

significance at <0.05. The diagnostic performance of CD64 and PCT was 

assessed usingthe receiver operator characteristic (ROC) curve analysis 

withdetermination of the optimal cut-off values.

          

         






      







       




 Group I 

(n= 50) 

Group II 

(n= 32) 

P value Significance 

 Mean± SD Mean± SD   

Age(years) 50.06± 6.6314 50.25 ± 7.16172 0.1227 NS 

Weight(kg) 75.7± 7.66615 76.125 ± 7.5892 0.245 NS 

Height(cm) 170.44±4.9362 169.812± 5.1957 0.550 NS 

  
n (%) 

 
n (%) 

 

Sex (M/F) 32 (64) /18 (36) 22 (68.75) /10 (31.25) 0.66 NS 

Outcome 

Survivals


Non Survivals

  
41(82)  

 
9(18) 


29(90.625) 

 
3(9.375) 

 
0.285 

 
0.284 

 
NS 

 
NS 


NS:non-significant, n: number,S.D:standard deviation, M/F: male/female. 

: SIRS without sepsis.Group IIwith sepsis.                     SIRS Group I:  

Table (1):Demographic distribution data and outcome of the study groups.

NS:non-significant, n: number,S.D:standard deviation, M/F: male/female.
Group I: SIRS with sepsis.                     Group II: SIRS without sepsis.

      

 

         

   

     









 Group I(N= 50) 
Median(IQR) 

Group II (N= 32) 
Median (IQR) 

P value 


 

   

mg/L    

ŋg/mL    

    


: SIRS without sepsis.Group II, SIRS with sepsisGroup I:  

:Procalcitonin.PCT, reactive protein-: CCRP,: White blood cellsWBCs 






         

   

         

           












Table (2): Comparison between septic and non-septic SIRS patients regarding different studied parameters:

Group I: SIRS with sepsis, Group II: SIRS without sepsis.
WBCs: White blood cells,CRP: C-reactive protein, PCT:Procalcitonin.




        















































































PCT: Procalcitonin.


        

          



      

 Survivors(N=41) 

Median(IQR) 
Non 
Survivors(N=9) 
Median (IQR) 

P 
value 

significance 


 

   


mg/L    

ŋg/mL    


    


: PCT, reactive protein-: CCRP,: White blood cellsWBCs
S: significant,NS: non significant., Procalcitonin

 

Table (3):Diagnostic performance of neutrophil CD64 and PCT for prediction of early sepsis(sepsis versus 
non-septic cases) and prediction of sepsis outcome (survivors versus non-survivors cases):

 PPV : positive predictive value.
NPV: negative predictive value.PCT: Procalcitonin.
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PCT: Procalcitonin.


        

          



      

 Survivors(N=41) 

Median(IQR) 
Non 
Survivors(N=9) 
Median (IQR) 

P 
value 

significance 


 

   


mg/L    

ŋg/mL    


    


: PCT, reactive protein-: CCRP,: White blood cellsWBCs
S: significant,NS: non significant., Procalcitonin

 

Table (4): Comparison between survivors and non-survivors regarding different studied parameters.

IQR:interquartile Range, WBCs: White blood cells,CRP: C-reactive protein, PCT: Procalcitonin, S: 
significant,NS: non significant.




        















































































PCT: Procalcitonin.


        

          



      

 Survivors(N=41) 

Median(IQR) 
Non 
Survivors(N=9) 
Median (IQR) 

P 
value 

significance 


 

   


mg/L    

ŋg/mL    


    


: PCT, reactive protein-: CCRP,: White blood cellsWBCs
S: significant,NS: non significant., Procalcitonin

 




        















































































PCT: Procalcitonin.


        

          



      

 Survivors(N=41) 

Median(IQR) 
Non 
Survivors(N=9) 
Median (IQR) 

P 
value 

significance 


 

   


mg/L    

ŋg/mL    


    


: PCT, reactive protein-: CCRP,: White blood cellsWBCs
S: significant,NS: non significant., Procalcitonin

 

(1a)  non-survivor      (1b) survivor
Fig (1a-1b): Dot plot histogram of CD64% expression on neutrophils in a non-survivor  patient and a sur-

vivor patient..

DISCUSSION

Sepsis is among the ten leading causes of 
death and is the leading cause of mortality in the 
non-coronary intensive care unit with a mortality 
rate of 30-50%(13,17). The frequency of sepsis has 
increased over 135% in the most recent decade 
and is predicted to continue to rise which could 
be attributed to  the continued increase in antibi-
otic resistance (1).

An early laboratory marker that can reli-
ably predict sepsis in SIRS patients with high 
sensitivity and specificity remains a continuing 
challenge to the clinician. In view of the rela-
tively poor predictive value of clinical variables 
of SIRS for microbial infection and the associ-
ated mortality, the value of granulocytic surface 
markers has been evaluated(2,11).
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Our study revealed that the percentage of 

neutrophil CD64 expression and PCT levels 
were significantly higher in patients with SIRS 
and sepsis compared to  SIRS without sepsis 
patients. These results were in agreement with 
those obtained by several other researches(5,6), 
who assumed that the expression of these mark-
ers increases substantially within  few minutes 
after the cell comes into contact with bacteria 
or endotoxins and this unique property enables 
them to be used as potential early warning mark-
ers for detection of bacterial infection. Accord-
ingly, they concluded that these markers strongly 
suggest the presence of early sepsis i.e., within 
the first 24 hours, even before clinical evidence.

Though  Davis and Associates(7)reported  that 
the normal baseline CD64 expression is negligi-
ble in normal healthy individuals,in the present 
study our findings that the SIRS patients without 
sepsis also possessed CD64-positive neutrophils, 
which were in agreement with those obtained 
by Qureshi et al.(20). This could be explained by 
their assumption that in the absence of infection, 
an expansion in the number of CD64-bearing 
neutrophils could arise from undefined respons-
es to trauma or inflammatory insult which have 
the potential to induce a clinical state fulfilling 
SIRS criteria. 

 In the current study a highly significant rise 
in CD64 neutrophils expression and PCT levels 
was detected in patients ofgroup I (SIRS with 
sepsis) as compared with patients of group II 
(SIRS without sepsis).  This is in accordance 
with the findings of Cardelli et al.(5) who stated 
that quantitation of neutrophil CD64 expression 
and PCT levels in blood samples have been re-
cently proposed as useful tools for early detec-
tion of sepsis.  The expression of each of CD64 
and PCT in our study was not significantly cor-
related with the serum concentration of CRP. 
These findings confirmed what was previously 
reported that CRP is particularly useful in man-
aging late onset systemic infection and that it is 
of limited value in early detection of sepsis and 
does not predict mortality(10,15). The non-signifi-
cant correlation between CD64 expression an-
dleukocytic count  in our study confirmed the 
results of Davis et al(7) who attributed this to the 

difference in the response of these markers to the 
inflammatory effect of infection or tissue injury.

 Unlike Cardelli et al.(5) who stated that the 
neutrophil CD64 test showed higher specificity 
in detecting sepsis than PCT, our study showed 
that PCT was superior to CD64 expression as an 
early predictor of sepsis before establishment of 
the clinical diagnosis. PCT level at a cut-off val-
ue of >0.89 % had 82 % sensitivity, 100 % speci-
ficity, 100 % PPV (positive predictive value) and 
0.946 accuracy. Meanwhile, CD64 expression at 
a cut-off value of >75 % had 66 % sensitivity, 
100 % specificity, 100 % PPV and 0.867 accu-
racy.

Regarding the prognostic significance of 
these markers for mortality prediction, it has 
been previously mentioned that the expression 
of both markers is closely associated with sepsis 
severity and outcome and also may predict organ 
failure in patients with septic shock. Our find-
ings also revealed that CD64 and PCT are relat-
ed to the severity and outcome in sepsis as they 
show higher significant values in non-survivors 
compared with survivors. In this context, CD64 
was superior to PCT as a predictor of sepsis out-
come with 88.9 % sensitivity, 78 % specificity, 
47.1 % PPV and 0.879 accuracy versus 88.9 % 
sensitivity, 56.1 % specificity, 30.8 % PPV and 
0.771 accuracy for PCT.

In conclusion: Neutrophil CD64 and PCT as-
sessment is superior to the standard laboratory 
tests for early detection of sepsis (within the first 
24 hours), before the evolution of clinical signs 
which would facilitate therapeutic decisions and 
early initiation of antimicrobial therapy. Predic-
tion of outcome is an additional utility born by 
these two biomarkers. Furthermore, this study 
indicates that CD64 is more worthy as a prog-
nostic indicator of sepsis and is superior to PCT.
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مقارنة بين القيم التشخصية والتنبؤية لدالالت  سي دي 64على ال نيتروفيل وبروكالسيتونين فى حاالت االنتان 
محمد خشبة - ريم الكباريتي - رانيا الكباريتي - مروة رشدي

الهدف من الدراسة :تقييم الفائدة السريرية من سي دي 64على النيتروفيل وبروكالسيتونين  كدالالت لإلنتان والوفيات المرتبطة 
به في المرضى الذين يعانون من متالزمة االستجابة االلتهابية الجهازية.   تصميم الدراسة:  ضمت الدراسة  اثنان وثمانون مريضا 
من المرضى الذين يعانون من متالزمة  االستجابة االلتهابية الجهازية، في غضون األربع و عشرين ساعة األولى من بد اية اإلنتان: 
وتم تصنيف المرضى إلى مجموعتين: مجموعة اإلنتان  وتضم (50)  مريضا يعانون من  إيجابية  مزرعة الدم واإلنتان السريري و 
مجموعة متالزمة االستجابة االلتهابية بدون اإلنتان  وتضم 32 مريضا.   ووفقا للنتائج، صنف المرضى الذين يعانون من تعفن الدم بعد 
فترة المتابعة التي  تصل الى 28 يوما إلى مجموعتين:  الناجين وغير الناجين وسجلت الخصائص الديموغرافية والسريرية للمرضى، و 
تم جمع عينات الدم لتحديد مستوى بروكالسيتونين، C reactive protein، ونسبة  التدفق الخلوي  سي دي 64   في المصل  من كافة 
المرضى في  االربع و عشرين ساعة األولى،  ثم تم تكرار هذه األبحاث في اليوم الثالث و السابع من العالج.   النتائج: وقد تم الكشف عن 
زيادة كبيرة للغاية من سي دي 64  على خاليا النيتروفيل وبروكالسيتونين في مجموعة اإلنتان بالمقارنة مع المجموعة غير المصابة.  
وأثبت كل من سي دي64  على خاليا النيتروفيل وبروكالسيتونين أفضل أداء للتنبؤ والتشخيص المبكر لبداية اإلنتان. وكانت النتائج فى 
سي دي64 بقيمة قطع ٪75 كما يلى: الحساسية66 ٪ والنوعية 100 ٪ والفعالية 86.7 ٪، في حين كانت فى بروكالسيتونين بقيمة قطع 
من 0.89  نانوغرام / مل كما يلى:  الحساسية 82 ٪ والنوعية 100، ٪ والفعالية 94.6  ٪.  وأظهر الناجين فى مجموعة اإلنتان نتائج 
أقل بكثير فى كال من بروكالسيتونين و سي دي64 بالمقارنة مع غير الناجين فى ذات المجموعة. كما أظهروا87 ٪ كقيمة قطع أمثل فى 
سي دي64  وتوقع للوفيات بحساسية 88.9 ٪، ونوعية 78 ٪ وفعالية ٪87.9.  وفي الوقت نفسه كانت قيمة القطع فى بروكالسيتونين 
نسبته 1.86  نانوغرام /  مل وتوقع للوفيات بحساسية ٪88.9، ونوعية 56.1 ٪ وكفاءة ٪77.1.  الخالصة: سي دي 64  على خاليا 
النيتروفيل  وبروكالسيتونين هي األفضل كدالالت في تشخيص  اإلنتان في  هذه الدراسة، وأثبتت هذه الدالالت أيضا قيمة في تتبع فاعلية 
العالج. كما  تمثل  القدرة على  التنبؤ بنتيجة العالج ميزة إضافية تحملها هذه الدالالت الحيوية وقد كان سي دي 64 على خاليا  النيتروفيل 

هو األكثر تفوقا  من  بروكالسيتونين في  هذا الشأن
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ABSTRACT
Background and Objective: Multiple sclerosis (MS) is the most common disabling disease of young adults. Several genetic 

polymorphisms have been implicated in susceptibility to MS. Among the implicated genes, is the vitamin D receptor (VDR) 
gene where some studies have linked single nucleotide polymorphisms in the VDR gene with the occurrence of MS. However, 
no studies have assessed such association in Egyptians. In this study we aimed to assess the association of two VDR polymor-
phisms (FokI and TaqI) with MS susceptibility. Methods. Fifty eight MS patients and 42 healthy controls were recruited to the 
study. FokI and TaqI polymorphisms were examined using real-time polymerase chain reaction technique. Results. Genotype 
distribution for both FokI and TaqI VDR polymorphism showed no statistically significant difference between MS patients and 
controls (p=0.63 and p=0.72 respectively). Also, both polymorphisms were unrelated to disease types’. Conclusion. Our find-
ings showed no association between FokI and TaqI VDR polymorphisms and risk of MS. However, ethnic variability in VDR 
gene polymorphisms does exist and the lack of significant association in our study does not necessarily suggest a lack of risk, 
instead it reflects the complex pathogenesis of MS which includes environmental factors in addition to the genetic component. 
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INTRODUCTION

Multiple sclerosis (MS) is the most common 
disabling neurologic disease affecting probably 
more than (2) million people worldwide(26). It is 
a chronic autoimmune inflammatory neurode-
generative disease of the central nervous system 
(CNS) in which the immune system attacks the 
myelin sheath. It typically begins with 1 mm to 3 
cm patches of demyelination of nerve bundles in 
the CNS (19). Etiology of MS involves several en-
vironmental and genetic factors, and more than 
(20) genes have been implicated in the suscepti-
bility to MS(25).

Vitamin D is a fat soluble seco-steroid that 
is ingested in the diet or synthesized in the skin 
in a biologically inert form and has to undergo 
two hydroxylation reactions inside the body to 
be activated into (1, 25)-dihydroxyvitamin D(5). 
In addition to its classical role in calcium me-
tabolism and bone homeostasis, vitamin D has 
a potent immunomodulatory effect on cells of 
the immune system as well as on the production 
and action of several cytokines(4) Vitamin D ex-
erts its function by binding to vitamin D receptor 
(VDR) which is a member of the superfamily of 
nuclear hormone receptors(18).

Vitamin D receptor gene is located on chro-
mosome 12q12-14(35). Single nucleotide poly-
morphisms (SNPs) in the VDR gene may affect 

functional activity of the receptor(41). SNPs in 
the VDR gene have recently been reported to 
be associated with the development of several 
autoimmune diseases, including systemic lupus 
erythematosus(8), rheumatoid arthritis 36, psoria-
sis(42), type 2 diabetes mellitus(21) and MS(37). 

The most studied SNPs in the VDR gene are 
FokI, TaqI, BsmI and ApaI. FokI polymorphism 
is located in exon 2, TaqI is located in exon 9 
while BsmI and ApaI polymorphisms are located 
in intron 8 of the VDR gene 38. Several studies 
have investigated the association of VDR poly-
morphisms with MS in many countries 37, how-
ever up to our knowledge this is the first study to 
assess such association in Egypt. In this study, 
we aimed to investigate the possible association 
between FokI (rs2228570) and TaqI (rs731236) 
polymorphisms in the VDR gene and multiple 
sclerosis susceptibility. The FokI polymorphism 
is a thymine (T) to cytosine (C) substitution 
(ATG to ACG), also the TaqI polymorphism is 
a T to C nucleotide substitution (ATT to ATC)(7).

MATERIALS AND METHODS

Study Subjects

The study included 58 MS patients recruited 
from the Neurology Department of Ain Shams 
University Hospitals between the period of 
January 2016 and September 2016. Subjects 
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were included in this study according to Mc-
Donald criteria of MS diagnosis. According to 
the clinical course, patients were divided into 
three subgroups: Relapsing remitting subgroup 
(RR) (n=31), Primary progressive subgroup (PP) 
(n=13) and Secondary progressive subgroup 
(SP) (n=14). Disease severity was scored in all 
MS patients at the time of sample collection us-
ing Kurtzke’s expanded disability status scale 
(EDSS). 

Forty two age and sex matched healthy indi-
viduals free from any neurologic and systemic 
disorders were enrolled as a control group. De-
mographical and clinical characteristics of pa-
tients and controls are reported in table 1.

Sample collection 

2 ml of venous blood were collected on eth-
ylenediaminetetraacetic acid (EDTA) vacutainer 
tubes from each individual. Samples were stored 
at -20oC without centrifugation till used for 
DNA extraction.

DNA extraction

Genomic DNA was extracted from EDTA- 
anticoagulated peripheral whole blood using 
QIAamp DNA blood mini kit (Qiagen, Hilden, 
Germany). In brief, 200ul of whole blood were 
added to 20μl of proteinase K and 200μl of lysis 
buffer then the mixture was incubated at 56°C 
for 20 minutes. DNA was precipitated in 200μl 
absolute ethanol and bound to a filter mini spin 
column. The column was washed twice and then 
DNA was eluted in 200μl of elution buffer. The 
extracted DNA was stored at -20°C till amplifi-
cation.

Genotyping Determination

Genotyping for the FokI and TaqI polymor-
phisms of the VDR gene was done by allelic 
discrimination real-time polymerase chain reac-
tion (PCR) on Mx3000P real-time thermal cycler 
(Stratagene, La Jolla, USA). 

Two reaction sets were used for each sample, 
one for the FokI polymorphism and one for the 
TaqI polymorphism. PCR was carried out in a 
25 μl total volume reaction mix with 5μl of ge-
nomic extracted DNA, 12.5 μl  of TaqMan uni-
versal master mix II (Applied Biosystems, CA, 

USA), 1.25μl ready-made TaqMan genotyping 
assay mix  (Applied Biosystems, CA, USA) and 
6.25 μl DNAse free water. The probe sequences 
are shown in table 2. Amplification was done ac-
cording to the following protocol: initial dena-
turation was performed at 95°C for 10 minutes 
followed by 40 cycles consisting of denaturation 
at 92°C for 15 seconds and annealing/extension 
at 60°C for 60 seconds. The system software 
uses the fluorescence measurements to deter-
mine which alleles are present in each sample 
for genotyping analysis. 

Statistical analysis:

Statistical analysis was done using Prism 5 
software (GraphPad, La Jolla, CA). Qualitative 
data were presented using number and percent-
age while quantitative data were presented using 
median and interquartile range (IQR). Differenc-
es in genotypic and allelic distribution of VDR 
polymorphisms between MS patients and con-
trols were determined using Chi-square (χ2) test. 
Fisher’s exact test was used when any of the fre-
quencies was less than or equal to 5. Departure 
from the Hardy–Weinberg equilibrium was as-
sessed using χ2 goodness-of-fit test. The associa-
tion of the VDR gene polymorphisms with MS 
was estimated by odds ratios (OR) with a 95% 
confidence interval (CI). A P-value of <0.05 was 
considered statistically significant. 

RESULTS

We aimed to assess the association between 
two VDR SNPs and the occurrence of MS. The 
present study included 58 MS patients and 42 
age and sex matched healthy individuals as a 
control group. VDR SNPs genotype and allelic 
distribution in both MS patients and controls are 
shown in table 3.

Regarding FokI genotype, TT genotype 
was the most predominant is both MS patients 
(44.8%) and control groups (50%), while geno-
type CC was the least frequent in both groups 
(19% in patients and 11.9% in controls). Differ-
ences in genotype distribution between the two 
groups were statistically insignificant (P=0.63). 
To examine the association between FokI poly-
morphism and risk of MS, the TT genotype was 
considered as reference and the TC genotype 
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and CC genotype were compared to the refer-
ence. Odds ratio test revealed no significant dif-
ferences. 

For the TaqI genotype, the TC genotype was 
the most frequent among the two groups (50% 
in patients and 45.2% in controls), while the 
CC genotype was the least frequent (17.2% in 
patients and 14.3% in controls). Chi-square test 
and odds ratio test showed no significant differ-
ences between both groups. Genotype frequen-
cies for FokI and TaqI polymorphisms hold the 
Hardy-Weinberg equilibrium (P> 0.05). 

The frequency of the FokI T allele versus the 
C allele represented 62.9% versus 37.1% in MS 
patients and 69% versus 31% in controls. As 
for TaqI alleles, the T allele versus the C allele 

represented 57.8% versus 42.2% in patients and 
63.1% versus 36.9% in controls. Both FokI al-
leles and TaqI alleles showed no significant dif-
ference between MS patients and control groups 
(P=0.37 and P=0.44 respectively). Odds ratios 
showed no increased risk of any allele for dis-
ease susceptibility. 

According to the clinical course, we divided 
MS patients into three subgroups: RR (n=31), PP 
(n=13) and SP (n=14). We examined the asso-
ciation between genotypic and allelic frequency 
of both polymorphisms and the clinical course 
of MS. However no significant association was 
found between either of the polymorphisms and 
the clinical course. Results for genotypic and 
allelic frequencies for the three subgroups are 
shown in table 4.

         

             

            

  















         





   







  



















  



















  







Table 1: Demographic and clinical characteristics of patients and controls

EDSS: Expanded disability status scale; IQR: Interquartile range
RR: Relapsing remitting; SP: Secondary progressive; PP: Primary progressive



 

 

 









     



































































































































































































Table 2: Probe sequences for FokI and TaqI polymorphisms

SNP: Single nucleotide polymorphism
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Table 3: Distribution of genotype and allele frequency in MS patients and controls



    


































































































































































































 





          







           

          

OR: Odds ratio; CI: Confidence interval
Table 4: Genotype and allele distribution according to MS clinical course

* Chi square test, ** Fishers’ exact test
RR: Relapsing remitting; SP: Secondary progressive; PP: Primary progressive 
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DISCUSSION

Multiple sclerosis is an autoimmune disease 
in which environmental factors play an impor-
tant role in its development along with genetic 
susceptibility. Several studies have examined the 
genetic polymorphisms associated with the de-
velopment and clinical course of MS(17). 

The protective effects of vitamin D against 
multiple sclerosis have been reported in clinical 
studies(39). Also, studies on animal models with 
experimental autoimmune encephalomyelitis 
(EAE) revealed that vitamin D status is associ-
ated with disease severity and that administra-
tion of vitamin D to mice can prevent initiation 
and progression of EAE whereas vitamin D defi-
ciency increases susceptibility to EAE(16, 20).

The association of common VDR polymor-
phisms, including FokI and TaqI, with different 
diseases has been the subject of several inves-
tigations. However, results are contradictory 
according to the population type and environ-
mental situations. In this regard, we examined 
the distribution of these two polymorphisms in 
58 Egyptian patients with MS and 42 matched 
healthy controls. 

In the studied patients, we didn’t find evi-
dence of allelic or genotypic association of the 
FokI SNP of VDR gene with MS. These results 
are compatible with the results of other studies 
in Iran(22, 28), Kuwait(3), Sicily(2), Netherland(32), 
Spain(15), Canada(33) and Australia(11). However, 
Cierny et al., 2015 9 reported a significant as-
sociation between the TC genotype of FokI SNP 
and MS in Slovaks. Surprisingly, a protective as-
sociation of CC genotype with MS was report-
ed by Partridge et al.,(24). Simon et al., 2010(30) 
conducted a similar study in USA and while the 
study results revealed no association of FokI 
with MS, results showed a protective association 
of the CC genotype with MS in patients who re-
ceived a high intake of vitamin D.

The frequency of different polymorphisms 
is dependent on ethnicity and varies to a great 
extent between different populations. Control 
subjects in our study showed a frequency dis-
tribution of the FokI TT genotype of 50%, TC 
of 38.1% and CC of 11.9%. This distribution is 

quite similar to that reported in healthy control 
groups of other studies done in Egyptian popu-
lation. Saad et al.,(27) studied the association be-
tween FokI and rheumatoid arthritis associated 
with osteoporosis and reported a frequency of 
54.17% for the TT genotype, 40.28% for the 
TC genotype and 5.56% for the CC genotype in 
control subjects. Also, Abo Elsoud et al.,(11) ex-
amined the association between FoKI and breast 
cancer and found the TT to be the most frequent 
genotype in healthy controls with a frequency of 
67% followed by the TC genotype with a fre-
quency of 33% while none of the studied healthy 
controls had the CC genotype.

The FokI polymorphism has been found to 
affect the functional role of vitamin D and VDR 
on the immune system. In-vitro studies showed 
that lymphocytes with the wild-type (TT) of 
FokI proliferated more strongly. Also, wild-type 
dendritic cells produced higher levels of IL-12, 
the major cytokine that activates T helper-1 cells 
which are the main confounding factors in MS 
pathogenesis(40). In this study, we did not evalu-
ate the concurrent immune response associated 
with different FokI genotypes. Future studies are 
necessary to investigate the relationship between 
different FokI genotypes and functional status of 
different immune cells in MS patients.

Although the TaqI polymorphism does not re-
sult in a change in the protein structure of VDR, 
its proximity to the 3’UTR of the gene does af-
fect the translation process. The mutant C allele 
reduces VDR expression by 30% compared to 
the wild T allele(12). In our study, genotypic and 
allelic distribution of TaqI also showed no as-
sociation with MS. Previous investigations of 
TaqI polymorphism and MS risk by other groups 
have produced inconsistent results. Evidence 
does exist associating TaqI polymorphism with 
MS in some populations, while the association 
does not exist in other populations. In Southern 
Iran, Narooie-Nejad et al.,(23) reported positive 
associations of both TC and CC genotypes with 
MS. TaqI was also associated with risk of MS 
in Kuwait(3), Tunisia(6) and Australia(34). Although 
these studies do report an association between 
TaqI and MS, Agnello et al.,(2) also reported find-
ing similar to our results where no association 
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was observed between TaqI polymorphism and 
MS in Sicilian MS patients. Similarly, Sadeghi 
et al.,(28) found that TaqI VDR genotype did not 
differ between MS patients and controls in a 
study done on Iranian MS patients. Also, no as-
sociation was found in northwest Greece(31), Slo-
vakia(10) and USA(30).

TC was the most frequent TaqI genotype in 
control subjects of our study with a frequency 
of 45.2% followed by the TT genotype (40.5%) 
and the CC genotype (14.3%). Similar distri-
bution was reported by other studies involving 
Egyptians. Zuel-Fakkar et al.,(43) reported a fre-
quency of 52% for the TC genotype, 38% for the 
TT genotype and 10% for the CC genotype in 
control subjects in a study done to assess the as-
sociation between TaqI and psoriasis. Elgazzaz 
et al.,(13) examined the association between TaqI 
and type 1 diabetes and found the TC to be the 
most frequent genotype in healthy controls with 
a frequency of 50% followed by the TT geno-
type with a frequency of 36% while 14% of the 
studied healthy controls had the CC genotype.

Examining the association between genotyp-
ic and allelic frequency of both polymorphisms 
and the clinical course of MS, we found no sig-
nificant association. Agnello et al.,(2) also found 
that genotypic frequencies of Fok-I and Taq-I 
polymorphisms did not differ among different 
MS forms. 

Vitamin D action in the body is not solely 
controlled by the polymorphisms in VDR gene. 
Several other factors are involved including vi-
tamin D serum levels, vitamin D supplementa-
tion, diet, sun exposure, time spent outdoors, 
clothing, sun protection habits and parathyroid 
hormone levels(14). However, the effect of such 
factors influencing vitamin D levels was not in-
vestigated in our study. 

Many studies including ours have investi-
gated VDR polymorphisms in isolation when 
assessing the risk of development of different 
disease states.These studies often do report non-
significant results. However, the study of VDR 
polymorphisms in combination with other vita-
min D level influencing factors might unravel 
the complex etiology of MS. In addition, cross-
genotyping analysis for occurrence of multiple 

polymorphisms in more than one gene can re-
veal a positive association with the development 
of MS. 

Further genomic studies of the distribution 
of other common SNPs in the VDR gene, such 
as ApaI and BsmI, and susceptibility to MS in 
Egyptian population are recommended.

Therefore, from the data acquired from both 
recent research and our study concerning the as-
sociation between VDR polymorphisms and risk 
of MS, there is still definite need for further in-
vestigations in order to obtain more clear results.

Conclusion

Our findings showed no association between 
FokI and TaqI VDR polymorphisms and risk of 
MS. However, ethnic variability in VDR gene 
polymorphisms does exist and the lack of sig-
nificant association in our study does not neces-
sarily suggest a lack of risk, instead it reflects 
the complex pathogenesis of MS which includes 
environmental factors in addition to the genetic 
component.
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دراسة تعدد الشكل FokI وتعدد الشكل TaqI لجين مستقبل فيتامين د فى مرضى التصلب العصبي المتعدد 
المصريين

دينا رجب - حسام عفيفي 
 

يعد مرض التصلب العصبي المتعدد واحد من أكثر األمراض العصبية انتشارا في العالم. وقد أوضحت العديد من 
الرامز  الجين  ويعتبر  المتعدد.   العصبي  التصلب  الجينات في حدوث مرض  لعدد من  الشكلي  التعدد  دور  الدراسات 
لمستقبل فيتامين د من ضمن الجينات التي تم الربط بين تعددها الشكلي وحدوث المرض في عدد من الدراسات في 
مختلف دول العالم. وقد هدفنا في هذه الدراسة الى تحديد العالقة بين تعدد الشكل FokI وتعدد الشكل TaqI لجين مستقبل 
فيتامين د وحدوث مرض التصلب العصبي المتعدد في المصريين. وقد شملت الدراسة ۵۸ مريض بالتصلب العصبي 
التفاعل  طريقة  باستخدام  الشكلي  التعدد  وجود  تحديد  تم  وقد  ضابطة.  كعينة  األصحاء  األشخاص  من  و٤۲  المتعدد 
التسلسلي البلمري. وأوضحت نتائج الدراسة أنه ال يوجد فرق بين الحاالت والعينة الضابطة فيما يخص التعددالشكلي 
العرقي  الي دور االختالف  الدراسات  العديد من  أشارت  د. وقد  فيتامين  لجين مستقبل   TaqI الشكلي  FokI والتعدد 
في التعدد الشكلي لجين مستقبل فيتامين د. وبينما لم تظهر هذه الدراسة عالقة بين التعدد الشكلي لهذا الجين وحدوث 
المرض، فان هذا ال يعني انعدام العالقة بين هذا التعدد الشكلي وخطورة االصابة بالمرض وانما يعكس تداخل العديد من 

العوامل في حدوث المرض والتي تتضمن العوامل البيئية باالضافة الى العنصر الوراثي.



PROTEIN TYROSINE PHOSPHATASE N22 (1858C/T) 
POLYMORPHISM  AND ITS EFFECT ON SYSTEMIC LUPUS 

ERYTHEMATOSUS: A CASE-CONTROL STUDY IN EGYPTIAN 
CHILDREN
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ABSTRACT
Objectives:SLE is a complex polygenic disease characterized by loss of tolerance to self-antigens. Protein tyrosine phos-

phatase non receptor 22 (PTPN22) is one of the genes sharing in the pathology of SLE. The aim of this study was to assess 
the possible association of PTPN22rs 2476601 p.R620W (c.C1858T) polymorphism with SLE in Egyptian children. Methods: 
This study included 75 patients with SLE (37 males, 38 females) and 75 healthy controls (33 males, 42 females). Genotyping 
of   PTPN22 (c.C1858T)gene polymorphism byTaq Man Real Time PCR was performed. Results: In this study, the frequency 
of CT genotype was higher in SLE cases (6.7%) compared to the control group (0.0%)  (p = 0.023). Whereas, the TT genotype 
was absent in both cases and the control group. Similarly, the risky mutant T allele frequency was significantly increased in 
cases (3.3%) than the control group (0%) (p=0.024), suggesting that CT genotype and T allele may be significant risk factors 
for developing SLE [OR=19.01,p=0.044] and [OR=17.95,p=0.048], respectively. Moreover, it was found that (80%) of pa-
tients with CT genotype had renal affection compared to CC genotype (28.57%) (p=0.017). Regarding the SLE disease activity, 
measured by SLEDAI, there was no significant difference between CC and CT genotypes(p =0.78). Conclusion: Our study 
confirms the possible association between PTPN22 (c.C1858T) gene polymorphism and the development of SLE in Egyptian 
children with no effect on SLE disease activity (severity). Key words: PTPN22 gene polymorphism, Systemic lupus erythema-
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tosus, Egyptian children.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a 
chronic systemic autoimmune disease, charac-
terized by the production of multiple autoanti-
bodies, complement activation, and immune-
complex deposition, resulting in tissue and or-
gan damage(20). Multiple abnormalities of T and 
B lymphocytes are frequently encountered in pa-
tients with SLE and are central to pathogenesis 
of the disease(16).

More than 60 genetic regions have been rec-
ognized as strongly associated with SLE. These 
regions can be grouped according to function 
into immunological pathways (including uptake 
and processing of antigen), clearance of immune 
complexes (ICs), cell signalling, and innate and 
adaptive immune responses(23).

A single nucleotide polymorphism (SNP) in 
the protein tyrosine phosphatase non-receptor 
type 22 gene (PTPN22)is encoding the lym-
phoid protein tyrosine phosphatase(Lyp) which 
is a potent negative regulator of the lymphocytic 
activation; it acts at the initial steps of T-cell re-

ceptor (TCR) signalling(32).

It is assumed  that Lyp, together with Csk 
(which is a tyrosine protein kinase encoded by 
the CSK gene), prevent spontaneous activation 
of T cells(19). A common mutation in PTPN22 
gene is a C to T substitution at position 1858 
(C1858T) that results in substitution of amino 
acid arginine(R) with tryptophan(W)  at codon 
620 (R620W), which is located in the LYP–
Csk  interaction motif (4).This  mutation cause  
an abnormal interaction between Lyp and Csk, 
leading to abnormal regulation of T cells by ki-
nases(19). The p.R620W polymorphism, by sup-
pressing TCR and BCR (B cell receptor) signal-
ling, alters maturation, selection, and function of 
both T- and B-lymphocytes that predisposes to 
inducing autoimmunity (26).

PTPN22 (c.C1858T) gene polymorphismhas 
been associated with several autoimmune dis-
orders(32). The PTPN22 gene is located on 
chromosome1p13.3-13.1.It is considered to be 
the strongest common genetic risk factor for hu-
man autoimmunity besides the major histocom-
patibility complex (MHC) and an important can-
didate gene in SLE(18) . This has been confirmed 
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byLea and Lee(13) in a meta-analysis.

The goal of this study was to assess the pos-
sible association of PTPN22 c.C1858 C>T 
(p.R620W) single nucleotide polymorphism 
(SNP) with SLE development and severity in a 
sample of Egyptian children .To the best of the 
authors’ knowledge, no previous similar studies 
were conducted on Egyptian children.

SUBJECTS AND METHODS

This study was carried out on 75 subjects di-
agnosed with SLE (mean age 9.6±3.3 years,37 
males, 38 females) , they were recruited from 
those attending rheumatology outpatient clin-
ic, Children hospital, Cairo University, and 75  
healthy age and sex matched controls (mean age 
9.9±3.14,33 males, 42 females ) with no family 
history of SLE or any other autoimmune disease.

This case-control study was carried out  from 
January 2016 to June 2016. The study protocol 
was approved by the University’s Research Eth-
ics Committee and was conducted in accord-
ance with the University’s bylaws for human re-
search, and informed consent was obtained from 
one of the parents before starting sampling and 
data collection.

Sampling:  Six ml of venous blood were 
withdrawn from all participantsand each sample 
was divided into 3 tubes: 2 ml blood was col-
lected in plain tubes, serum was separated for 
analysing kidney functions, 2 ml blood was col-
lected in sterile vacutainer ethylenediaminetet-
raacetic acid (EDTA) tubes for complete blood 
count , and 2 ml blood was collected into another 
sterile EDTA vacutainer and stored at −20°C 
till the time of DNA extraction and PTPN22 
(c.C1858T) gene study.

-Serum urea and creatinine were assayed on 
automated analyser cobas 6000(Roche Diagnos-
tics, Germany).

-CBC samples were analysed on Sysmex 
KX-21N™ Automated Hematology Analyzer 
(Sysmex America Inc. , USA).

-Determination of  PTPN22 c.1858 C>T Gene 
Polymorphism by TaqMan Real Time Poly-
merase Chain Reaction:

This test was done in 2 steps:

1.Extraction of Genomic DNA from Periph-
eral Blood Leucocytes:Genomic DNA was ex-
tracted from EDTA-anticoagulated blood using 
a QIAamp DNA Mini Kit (QIAGEN GmbH 
(Hoffmann-La Roche AG -Germany ) by spin 
columns(5).

Measurement of the quantity and quality 
of the DNA: Quantification of DNA: The con-
centration of DNA was determined by measur-
ing the absorbance at 260 nm (A260) using the 
Nanodrop spectrophotometer. The ratio of the 
readings at 260 nm and 280 nm (A260 / A280) 
provides an estimate of the purity of DNA. DNA 
used in this study has an A260 / A280 ratio of 
1.7 - 1.9.

2.Analysis of PTPN22 c.1858 C>T Gene 
Polymorphism by TaqMan Real Time PCR tech-
nique using TaqManSNPgenotyping assay(4).

-Real-Time PCR allelic discrimination 
assay was designed using Taq-Man SNP 
Genotyping assays (applied Biosystems)
and performed on Step One Real Time PCR 
System(Applied Biosystems, Foster City, 
California,USA ).

-PCR with sequence-specific primers was 
used to define the PTPN22c.1858C>T(p.
R620W) gene polymorphism (rs2476601) 
and TaqMan MGB (minor groove binder) 
probes from the SNP genotypingassay pro-
vided a fluorescence signal for the amplifi-
cation of each allele. The polymerase chain 
reaction was carried out in a total volume of 
20 μl/well using the following amplification 
protocol: Afteran initial step for activation of 
AmpliTaq Gold DNA polymerase enzyme 
for 10 minutes  at 95°C, this was followed 
by 40 cycles, each cycle of PCR consisted 
of: denaturation at 92°C for 15 seconds , fol-
lowed by  annealing at 60°C for 30 seconds 
and finally, extension reaction at 60°C for 30 
seconds. After PCR amplification, an end-
point plate read was performed using Step 
One TM Real Time PCR System (Applied 
Biosystems). The Sequence Detection Sys-
tem (SDS) Software used the fluorescence 
measurements made during the plate read to 
plot fluorescence (Rn) values based on the 
signals from each well. The plotted fluores-
cence signals indicated which alleles were in 
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each sample.
Statistical Methods

Data obtained from the study was coded 
and entered using the software SPSS (Sta-
tistical package for social science) version 
17(Chicago,IL,USA).Parametric data was 
summarized using mean and standard devia-
tion, while non parametric was summarized 
as median and percentiles for quantitative 
variables. Frequency and percentages were 
used for qualitative variables. Chi-square 
test or Fisher’s exact test was used to ex-
amine the relation between qualitative vari-
ables. Student’s t test and non-parametric 
Mann Whitney test were used to compare 
two groups. The odds ratio(OR) and their 
95% confidence intervals (CI) were calcu-
lated  to estimate the strength of the associa-
tion between each of (genotypes and alleles) 
and ( patients and controls). The correlation 

analysis was done using Spearman correla-
tion of coefficient. P-value is considered sig-
nificant if <0.05(7).

RESULTS

By logistic regression adjusted for age, sex, 
CBC, urea, creatinine, CT genotype was found 
to be a significant risk factor for developing SLE, 
[OR=19.01, p= (0.044)]. T allele was found to 
be a significant risk factor for developing SLE, 
[OR= 17.95, p= (0.048)].

Regarding the PTPN22 c.C1858T gene 
polymorphism, it was found that 4/5(80%) of 
patients with CT genotype had renal affection 
and 20/70(28.57%) with CC genotype had re-
nal affection with statistically significant val-
ue (p=0.017). As for the SLE disease activity, 
measured by the SLEDAI, there was no signifi-
cant difference between CC and CT genotypes 
(p=0.78).

             
         
            








 
Renal affection 24/75 (32%) 
Ocular affection 0/75 (0%) 
Neuropsychiatric manifestations 0/75 (0%) 
Pulmonary affection 8/75 (10.7%) 
Cardiac affection 3/75 (4%) 
Vascular affection 0/75 (0%) 
Musculoskeletal manifestations 27/75 (36%) 
Skin manifestations 8/75 (10.7%) 
Low Complement level 45/75 (60%) 
Positive DNA antibodies 54/75 (72%) 
Fever 9/75 (12%) 
Thrombocytopenia 11/75 (14.7%) 
Leucopenia 12/75 (16%) 
High(SLEDAI>10) 10/75 (13.3%) 







P
Value

Controls
(n=75)

Cases
(n=75)PTPN22 

Genotypes

0.023*
PercentageFrequencyPercentageFrequency

100%75/7593.3%70/75CC
0%0/756.7%5/75CT

0.024*
100%150/15096.7%145/150C allele

0%0/1503.3%5/150T allele 
(risky allele)

P<0.05 is statistically significant.             





Table 1:Clinical and laboratory data of SLE cases (n = 75).
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Musculoskeletal manifestations 27/75 (36%) 
Skin manifestations 8/75 (10.7%) 
Low Complement level 45/75 (60%) 
Positive DNA antibodies 54/75 (72%) 
Fever 9/75 (12%) 
Thrombocytopenia 11/75 (14.7%) 
Leucopenia 12/75 (16%) 
High(SLEDAI>10) 10/75 (13.3%) 







P
Value

Controls
(n=75)

Cases
(n=75)PTPN22 

Genotypes

0.023*
PercentageFrequencyPercentageFrequency

100%75/7593.3%70/75CC
0%0/756.7%5/75CT

0.024*
100%150/15096.7%145/150C allele

0%0/1503.3%5/150T allele 
(risky allele)

P<0.05 is statistically significant.             





Table 2:Frequency distribution of PTPN22 c.C1858T genotypes and alleles in SLE cases and control groups.

P<0.05 is statistically significant.            
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P 
Value

CT
(n=70) 

CC
(n=5) Parameter

Mean ± SD

0.78 6 ± 410.2 ± 1.48SLEDAI

 Frequency (%)Frequency (%)

0.017* 20/70(28.57%) 4/5(80%) Renal affection

0.48 7/70(10%) 1/5(20%) Pulmonary affection
0.638 3/70(4.28%) 0/5(0%) Cardiac affection

0.246 24/70(34.28%) 3/5(60%) Musculoskeletal manifestations

0.42 8/70(11.43%) 0/5(0%) Skin manifestations


0.058

 
40/70(57.14%) 5/5(100%) Low Complement level


0.149 

49/70(70%) 5/5(100%) Positive DNA antibodies

0.568 8/70(11.43%) 1/5(20%) Fever
0.48 7/70(10%) 1/5(20%) Thrombocytopenia

0.128 10/70(14.28%) 2/5(40%) Leucopenia
*P<0.05 is statistically significant 















Table 3: Comparison betweenPTPN22CC andCT genotypes of SLE patients as regards different clinical 
and laboratory parameters.

*P<0.05 is statistically significant
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Figure 1:The multi-component plot of PTPN22 
gene analysis showing heterozygous CT gen-
otype by Real Time PCR..

Figure 2: The multi-component plot of PTPN22 gene 
analysis showing wild homozygous CC geno-
type by Real Time PCR.
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DISCUSSION
Systemic lupus erythematosus (SLE) is a 

chronic autoimmune multisystem disorder in 
which 20 % of patients are diagnosed in child-
hood. Childhood-onset SLE is associated with 
higher morbidity and mortality thanadult-onset 
SLE(28) .

The objective of this study was to deter-
mine whether PTPN22 c.C1858T (p.R620W) 
rs2476601 gene polymorphism is associated 
with susceptibility and/or severity of SLE in 
Egyptian children.

In the current study, it was found that the 
most frequent clinical manifestationin our SLE 
patients was musculoskeletal manifestations 
(36%), followed by renal affection (32%).

Similar results were obtained by Zhu and co-
workers (34) who found that nearly every patient 
with SLE will have musculoskeletal complaints 
during the disease course.

Also, this matches well with the results pub-
lished byAdler and associates(1) who revealed 
that lupus nephritis was an important determi-
nant of morbidity and mortality in SLE patients. 
Clinically  relevant kidney disease occurred in 
about 50% of patients. Up to 17% of these pa-
tients developed renal failure requiring dialysis 
or transplantation.

Regarding PTPN22 (c.C1858T) gene poly-
morphism, this study found that the frequency of 
heterozygous mutant CT genotype was signifi-
cantly increased in SLE patients (6.7%) than in 
control group (0%) (p=0.023).CT genotype was 
found to be a significant risk factor for develop-
ing SLE, [OR=19.01, p= (0.044)].

The homozygous mutant TT was absent in 
SLE patients and control group. Also it was 
found that all control subjects were carrying   ho-
mozygous wild CC genotype (100%). 

The same results of associations between 
PTPN22 c.C1858T polymorphism and SLE 
susceptibility have been identified by a num-
ber of studies(12,24,21,8,17)in North Americans 
[OR 1.48, p=0.0014] ,in Swedish [OR=1.4200, 
p=0.0041)], in  Polish[OR=2.016, p=0.0014)], 
in Cretans [OR=1.91, p=0.017)] and in  

Spanish[OR=1.40, p= 0.0001)],  respectively.
Also,Kaufman and associatesfound thatPTPN22 
c.C1858Tpolymorphism  was  significantly as-
sociated with SLE in Europeans and Hispanics 
[OR 1.52, p =0.04](11).

Regarding the 1858 T mutant allele frequen-
cy, our study revealed that it was significantly 
increased in SLE cases (3.3%) than the control 
group (0%) (p=0.024).

T allele was found to be a significant risk fac-
tor for developing SLE, [OR= 17.95, p= (0.048)]. 
This matches well with a number of studies(9, 24 

,8)which  reported that PTPN22 c.C1858T poly-
morphism was significantly associated with SLE 
susceptibility. Where the T allele frequencies 
were higher in cases than in controls (p= 0.001, 
0.0007, 0.017), respectively.

Similar results were obtained by Ostanek 
and colleagues(19)who found that carriage of at 
least one T allele (CT vs. CC) significantly in-
creased the risk of developing SLE. The T1858 
allele frequency in patients with SLE was 21.9 
%, which was significantly higher than in the 
control group.

The results in our study was contrary to that 
reported in Turkish byAksoy and colleagues(2) 

and also in a Chinese study by Tang and 
colleagues who reported that the percentage of 
PTPN22c.C1858T polymorphism ≤ 0.1 in both 
SLE patients and healthy controls(27).Similarly, 
Kaufman and colleaguesfound that PTPN22 
c.C1858T polymorphism is not associated with 
SLE  in African-Americans [OR 1.21, p=0.953].
This discrepancy may relate to different genetic 
background in sample selection(11).

Also, two studies  by Viken et al. and Ak-
soy et al. failed to find significant association 
between PTPN22 c.C1858T polymorphism and 
SLE susceptibility, where the percent of T allele 
was (20.4% and 3.0%) in cases and (21.4% and 
2.0% ) in controls, respectively(p<0.05)(31,2  ).

Regarding the SLE disease activity, measured 
by the SLEDAI, there was no significant differ-
ence between patients with CC and CT geno-
types (p=0.78). Similar results were reported in 
two studies byChang et al. and René et al(6,25).
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In the current study, it was found that 

4/5(80%) of patients with CT genotype had renal 
affection and 20/70(28.57%) with CC genotype 
had renal affection with statistically significant 
value (p=0.017).

Our results agreed with the results of Reddy 
and co-workers(24) who found a significant asso-
ciation between the PTPN22 1858T risk allele 
and lupus nephritis [OR = 1.9305, p = (0.0019)]. 
Also,Moez  and Soliman(14) showed that the prev-
alence of lupus nephritis was statistically higher  
in   SLE  with   CT   polymorphism  (76.2%)   
compared  to those with CC genotype (42.1%) 
[OR = 4.4, p= 0.028].

On the other hand, few studies(18, 8,19) found 
no statistically significant differences in the dis-
tribution of PTPN22 c. C1858Tgenotypes or al-
leles between SLE patients with and those with-
out lupus nephritis.

Genetic studies with different populations re-
vealed a different frequency of the disease-asso-
ciated 1858T allele. This allele is relatively rare 
in southern European populations (2% in Italy, 
4.1% in Romania, 6% in Spain, 7.23% inBel-
gium), the frequency increases in Northern Eu-
rope (8% in the United Kingdom,10.7% inNew 
Zealand , 12% in Sweden, 15.5% in Finland). 
The highest T allele frequency (17.5%) was re-
ported in northeast Russia. In America it ranged 
from 3.8 to 10.0%. North Africa had a similar T 
allele frequency to Turkey and the Middle East 
which ranged from 2 to 3.5%(15,11, 10, 22, 30, 29,  33, 3 2).

Nevertheless, those contradictory results may 
be due to lack of facilities to detect true associa-
tionin this disease,small sample size may be an-
other cause for such contradiction. Accordingly, 
genotyping in large sample size is recommended 
to draw solid conclusions. Moreover, this nega-
tive association might be because the risk allele 
does not have the same effect in all populations 
or there may be other etiological variants exist-
ing in PTPN22 gene.

Conclusion 

This study confirms the association between 
PTPN22 (c.C1858T) gene polymorphism and 
the development of SLE in Egyptian children 
with no effect on SLE disease activity (severity). 

However, no association was found between the 
PTPN22 variants and most of the clinical and 
laboratory parameters analysed except for renal 
involvement (lupus nephritis).
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 تاثير احد انواع جين ال  (  PTPN 22 ) علي مرض الذئبه الحمراء 
هبه شرف ا لدين - عبير محيي - هديل الحنفي - هاني الغباري - هاله حسني - عزه الهمشري 

الخاليا  تنشيط  الي  يؤدي  مناعي  بخلل  يتميز  ,و  العوامل  متعدد  الذاتية  للمناعة  مرضا  الحمراء  الذئبة  مرض  يعتبر 
الليمفاويةB,T و تكوين اجسام مضادة ضد انسجة الجسم المختلفة. يعبر جين PTPN22 عن بروتين الفوسفاتيز التيروزين 
الليمفاوي(LYP),و يعتبر منظم سلبي حرج لنقل االشارة لمستقبالت الخاليا التائية. و قد وجدت عالقة بين احد  تنويعات 
PTPN22  و هو C1858T بمرض الذئبة الحمراء.وهذا التنويع هو عبارة عن تغيير احادي عن بقايا النيوكليوتيدد1858 
من النوع C  الى النوع T.و قد اثبتت الدراسات ان هذا النوع من بروتين الفوسفاتيز التيروزين الليمفاوي  له تأثير مثبط  على 
تعزيز نقل االشارة لمستقبالت الخاليا التائية ,مما يدل على ان تعدد االشكال يمنح البروتيننوعا من اكتساب وظيفة جديدة. 
أجريت هذه الدراسة على 75 من االطفال اللذين يعانون من مرض الذئبة الحمراء و متوسط أعمارهن9,75±3,22 سنة ، 
واشتملت الدراسة أيضًا على 75 طفل  من األصحاء من نفس المرحلة العمرية من العيادة الخارجية لالمراض الكوالجية 
لمستشفى ابو الريش . تهدف هذه الدراسة إلى دراسة التعدد الشكلى لجينبروتين الفوسفاتيز التيروزين بى تى بى إن22 سى 
١٨٥٨ تى فى حاالت الذئبة الحمراء في االطفال المصريين . وقد تعرض كل مريض إلى أخذ التاريخ الكلى للمرض ، عمل 
فحص طبى شامل ، عمل فحوصات معملية روتينية و تحليل لوجود األجسام المضادة ضد الحمض النووى. وقد تعرض 
كل من المرضى و المجموعة الضابطة إلى تحليل الحمض النووى للتعدد الشكلى لجينبى تى بى إن 22 سى ١٨٥٨ تىعن 
طريق TaqMan Real Time PCR. وقد أسفرت النتائج عن وجود ارتفاع ذو داللة إحصائية بين التعدد الشكلى لجينبى 
تى بى إن 22 سى ١٨٥٨ تىمقارنة بنسبة وجوده بالمجموعة الضابطة.كما استطاعت هذه الدراسة اثبات وجود عالقة ذو 

داللة إحصائية بين التعدد الشكلى لجينبى تى بى إن 22 سى ١٨٥٨ تى وبين زيادة احتمالية حدوث مرض الذئبة الحمراء .



DETECTION OF PNEUMOCYSTIS JIROVECII PNEUMONIA BY 
NESTED POLYMERASE CHAIN REACTION AMONG PATIENTS 

WITH HEMATOLOGICAL MALIGNANCIES 
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ABSTRACT
Background: Pneumocystis pneumonia (PcP) is an emerging threat to patients suffering from haematological malignan-

cies. Unlike HIV patients, infection in those patients is usually more severe, rapidly progressive and results into severe respi-
ratory failure with a poor prognosis. Diagnosis based on microscopic examination of stained smears usually fails due to the 
lower burden of Pneumocystis jirovecii (P. jirovecii) in those patients. Objective: The aim of the study was to introduce the 
nested polymerase chain reaction (nPCR) as a rapid and sensitive tool that can help to detect P. jirovecii in sputum samples 
obtained from non-HIV patients suffering from various hematological malignancies, to determine the prevalence of PcP among 
those patients, and to find out the risk factors associated with the disease development. Methods: The study included 50 non-
HIV patients with different haematological malignancies and suffering from atypical pneumonia that was not responding to 
first and second lines antibiotic therapy as evidenced from their clinical and radiological investigations. Their age ranged 
between 18 and 73 years (42.7±17.4 years). Induced sputum samples were collected from those patients for the detection of 
P. jirovecii using nPCR. Results: P. jirovecii was detected in 38% of the studied samples by nPCR. A significant inverse cor-
relation existed between development of PcP and the TLC (r =-0.512; P<0.01) as well as between the development of PcP and 
the lymphocyte count (r = 0.564; P<0.01). Most of the studied patients (62.3%) developed PcP during remission and there 
was a significant positive correlation between the duration of chemotherapy and the development of PcP (r= 0.326; P<0.05). 
Prior administration of sulfamethoxazole-trimethoprim was significantly associated with prophylaxis against PcP (x2= 17.24; 
P<0.01). Out of the PcP positive patients, 31.6% developed respiratory failure necessitating mechanical ventilation and 10.5% 
of them died. Conclusion: Pneumocystis pneumonia is a significant problem in patients suffering from haematological ma-
lignancies particularly those with lymphoproliferative disorders. The disease is associated with increased incidence of ICU 
admission due to respiratory failure and death. Nested PCR can be considered a non-invasive, rapid, and sensitive diagnostic 
method that can detect the very small number of P. jirovecii in induced sputum samples obtained from those patients and hence 
improve the clinical management and outcome of PcP in those patients.
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INTRODUCTION

Pneumocystis jirovecii (P. jirovecii) is an op-
portunistic pathogen that was initially classified 
as a protozoan on the basis of morphological 
characteristics. However, following analysis of 
ribosomal RNA subunit, Edman and his cowork-
ers(4) demonstrated that this organism is an asco-
mycetous fungus(1).  

Although P. jirovecii is known to be the most 
common infection affecting more than 60% of 
AIDS patients causing a life threatening pneu-
monia(10), other immunocompromised patients 
are also at risk for Pneumocystis pneumonia 
(PcP) e.g., patients with hematological malig-
nancies and other neoplasia, organ transplant 
recipients, immunodeficient patients, individu-
als receiving immunosuppressive therapy for 
a prolonged duration, as well as malnourished 
and premature infants(9; 27; 29). Infection in those 
patients is generally more severe, rapidly pro-

gressive, and usually associated with higher 
rates of intensive care unit (ICU) admission and 
mechanical ventilation(9; 18). Significantly higher 
mortality rates are also observed in non-HIV in-
fected individuals (34–39%) compared to those 
with HIV (6–7%)(21). 

P. jirovecii cannot be successfully isolated in 
culture from human specimens. Thus, laboratory 
diagnosis of PcP relies mainly on the demonstra-
tion of the trophic or cyst forms after microscop-
ic examination of respiratory specimens using 
various staining methods(17).  Unfortunately, the 
accuracy of staining methods is highly depen-
dent on the type and quality of the respiratory 
specimen, the sample processing, and the experi-
ence of the laboratory examiner. Moreover, the 
low burden of P. jirovecii in non-HIV-immuno-
compromised patients, and the likelihood that 
they may already be on anti-pneumocystis pro-
phylaxis, remains a challenge for diagnosis(5; 25).
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Molecular techniques have been used for 
early detection of PcP, based on the identification 
of P. jirovecii DNA using the polymerase chain 
reaction (PCR) (26). A variety of gene targets can 
be used for PCR amplification. Studying the 
gene which encode mitochondrial large subunit 
rRNA (mtLSU rRNA) has been shown to offer 
the greatest sensitivity for P. jirovecii detection 
(5). Nested PCR has been used to improve assay 
sensitivity for organism detection and recorded 
variable positivity rates for P. jirovecii  in 
bronchioalveolar lavage fluid as well as in non-
invasive respiratory samples obtained from 
immunocompromised patients (13; 23; 30). 

Aim of Work:

The aim of the study was to introduce the 
nested polymerase chain reaction as a rapid and 
sensitive tool that can help to detect Pneumo-
cytis jirovecii in sputum samples obtained from 
non-HIV patients suffering from various hema-
tological malignancies. Also, to determine the 
prevalence of PcP among those patients, and to 
find out the risk factors associated with the dis-
ease development. 

PATIENTS AND METHODS

Patients:

The study was conducted at Ain Shams Uni-
versity Hospital over the period between March 
2015 and December 2015. Fifty patients admit-
ted to the Oncohaematology department for 
treatment of different hematological malignan-
cies were clinically assessed for the development 
of symptoms and signs of atypical pneumonia. 
Febrile, neutropenic patients having clinical and/
or radiological manifestations of lower respira-
tory tract infection that was not responding to the 
first line (cephalosporins and aminoglycosides) 
and second line (imipenem) antibiotic therapy 
were considered eligible for the study. Patients 
found to be positive for HIV were excluded from 
the study.

Methods:

All patients included in the study were subjected 
to:

i. Detailed history taking including age, sex, 
diagnosis, presence of respiratory symptoms, 

steroid intake, antibiotic and antifungal admin-
istration.

ii. Physical examination including general 
and chest examination for presence of signs of 
respiratory tract infection.

iii. Laboratory investigations: complete blood 
count (CBC), liver and kidney function tests and 
ELISA for HIV antigen/antibody detection. 

iv. Chest X- ray and computed tomography.

v. Collection of induced sputum samples for 
the detection of P. jirovecii by nPCR. 

Collection of induced sputum samples:

The patient was asked to inhale 20 to 30 ml 
of hypertonic saline (3%) using an ultrasonic 
nebulizer. The procedure was continued for 10-
15 minutes until the patient produced a sputum 
specimen of sufficient quantity for laboratory 
analysis. Samples were collected in sterile con-
tainers and were immediately transported (with-
in one hour) to the Microbiology Laboratory to 
avoid inactivation of DNA by numerous PCR 
inhibitors present in sputum. 

Sample Preparation:

Samples were analyzed at the Microbiology 
Laboratory, Faculty of Medicine, Ain Shams 
University Hospital. 

Samples were liquefied and concentrated to 
allow better recovery of P. jirovecii. An equal 
volume of sputasol (Oxoid, UK), a mucolytic 
agent, was added to each sample and the mix-
ture was vortexed. After being incubated for 10 
minutes at 36±1ºC, an equal volume of sterile 
phosphate buffer saline (PBS) was added to the 
mixture and the mixture was centrifuged at 1500 
rpm for 10 minutes. A sterile Pasteur pipette was 
used to discard the supernatant and the pellet was 
kept at -20ºC awaiting for the DNA extraction.

Nested Polymerase chain reaction for the de-
tection of P. jirovecii:

DNA extraction: The genomic DNA was ex-
tracted from the samples using the QIAgen DNA 
extraction mini kit (QIAgen, Hilden, Germany) 
according to the manufacturers’ instructions.
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DNA amplification: 

A nested primer set complementary to the 
mitochondrial large subunit of ribosomal RNA 

The reaction tubes (PCR-GOLD Master-Mix 
beads, Bioron, USA) contained a ready to use 
PCR reaction mix (1U TaqDNA polymerase, 
259mM DNTPs, 1.5mM MgCl2 and 10mM 
Tris-HCl pH 9.0). One micro liter of the template 
DNA was added to the ready- to- use PCR tube. 
Then, 2μl of each of the outer primers (PAZ 102- 
E and PAZ 102- H) were added. Distilled water 
was added to reach a final volume of 25μl. The 
reaction tubes were loaded into the thermal cy-
cler (Perkin- Elmer- 9600, USA) for 40 cycles. 
Each cycle consisted of denaturation at 94ºC for 
1.5 min, annealing at 55ºC for 1.5 min, extension 
at 72ºC for 2 min, final extension at 72ºC for 5 
min, and cooling at 4ºC (24).

Five micro liters of the amplified product, 
obtained from the first PCR run, were added to 
a new PCR reaction tube. Then, 2μl of each of 
the inner primers (PAZ 102- X and PAZ 102- Y) 
were added and the reaction volume was com-
pleted to 20μl by adding distilled water. The 
tubes were returned to the thermal cycler for an-
other 35 amplification cycles following the same 
amplification program as the first PCR run(28).

Amplified PCR products, from the second 
PCR run, were analyzed by agarose gel electro-
phoresis, stained with ethidium bromide (Sig-
ma), and visualized with an UV transilluminator 
(Bio-Rad). The negative control (deionized wa-
ter) was examined to exclude any source of con-
tamination. The sizes of the PCR products were 
estimated by comparison with DNA molecular 
mass markers that give different bands ranging 
from 100 to 1000bp (Bio-Rad; EZ Load). The P. 
jirovecii positive cases gave bands at  260 bp as 
described by Robberts et al.(16). 

(mtLSUrRNA) was used (Table 1). The primers 
were supplied by Bioneer (USA) in a lyophilized 
form and were prepared and stored in accordance 
to the manufacturer’s instructions. 

Statistical Analysis:

Statistical analysis of the data was performed 
using the SPSS 15 software package under Win-
dows 7® operating system.

Descriptive statistics: Categorical data are 
presented in the form of number and percent (%) 
whereas the continuous data are described by the 
mean (for normally distributed data)  or median 
(for non-parametric data) as measures of central 
tendency and by the standard deviation, range 
and percentile as measures of variation.

Analytical statistics: The student t test was 
used to compare between continuous normally 
distributed data whereas the Mann-Whitney 
U test (Z value) was used to compare between 
continuous non-parametric data. The Chi-square 
and the Fisher-exact tests (X² value) were used 
to determine the association between categorical 
parameters. Correlation between different pa-
rameters was done using the point bi-serial cor-
relation (r value). A value of P<0.05 was consid-
ered significant in all analyses.

RESULTS

The study included 50 patients suffering from 
different hematological malignancies. All of 
them were febrile, neutropenic and had clinical 
and radiological findings suggestive of lower re-
spiratory tract infection that was not responding 
to treatment with first and second line antibiot-
ics. They were 29 males and 21 females and their 
age ranged between 18 and 73 years (42.7±17.4 
years). 

Using the nested PCR, 19 out of 50 (38%) 
studied patients were positive for PcP (Photo 1). 








           

             






   

    

    





  









             



















 



Table (1): Complementary primers used in the study
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They were 10 males and 9 females with the male 
to female ratio 1.1: 1. Their age ranged between 
20 and 73 years (42 ±16.01). Seven patients 
(7/19; 36.8%) had chronic lymphocytic leukemia 
(CLL); 4 patients (4/19; 21.1%) had acute 
lymphoblastic leukemia (ALL), 3 patients (3/19; 
15.8%) had non-Hodgkin lymphoma (NHL); 
2 patients (2/19; 10.5%) had myelodysplastic 
syndrome (MDS); one patient (1/19; 5.3%) 
had multiple myeloma (MM); one patient 
(1/19; 5.3%) had chronic myelocytic leukemia 
(CML); and one patient (1/19; 5.3%) had acute 
myeloid leukemia (AML). Table (2) shows the 
descriptive statistics of the PcP positive and PcP 
negative patients.

Comparison between the PcP positive and 
PcP negative patients showed no significant dif-
ference between both groups regarding the age, 

the duration of antibiotic administration and the 
neutrophil count (P >0.05).  However, there was 
a highly significant difference between both 
groups regarding the total leukocyte count (TLC) 
(P<0.01) and the lymphocyte count (P<0.01) and 
a significant difference regarding the duration of 
chemotherapy (P<0.05) (Table 2).

A significant inverse correlation existed 
between development of PcP and the TLC (r 
=-0.512; P<0.01) (Figure 1) as well as between 
the development of PcP and the lymphocyte 
count (r = 0.564; P<0.01) (Figure 2). Yet, no 
significant correlation was found between the 
neutrophil count and the development of PcP 
(r=-0,082; P>0.05).

Twelve patients (12/19; 63.2%) developed 
PcP while in complete remission whereas 7/19 




          





           

          

 
























          

          





          





Photo (1):  Results of the nested PCR. A positive 
band at 267bp denotes presence of P. jirove-
cii DNA.

Lane 1: Molecular size marker (1000bp); Lane 
3: negative sample; Lanes (2,4-8):  positive 
samples




  





           





























         

           

        





































              























              



Figure (1): Correlation between the total leukocyte 
count and the development of PcP (r =-0.512, 
P<0.01).

Figure (2): Correlation between the lymphocyte 
count and the development of PcP (r = 0.564; 
P<0.01).
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Table (2): Comparison between the PcP positive and PcP negative patients regarding the various studied 
parameters

25th percentile: the value below which 25% of patients values occur. 75th percentile: the value below which 
75% of patients values occur. S=significant, HS= highly significant, NS = non-significant
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Table (3): Association between prior prednisone administration and Sulfamethoxazole-trimethoprim 
prophylaxis and the development of PcP.

(36.8%) developed the disease at the time of in-
duction of chemotherapy. A significant positive 
correlation between the duration of chemothera-
py and the development of PcP was observed (r= 
0.326; P<0.05) (Figure 3).

Among PcP positive patients, the onset of 
symptoms was acute fulminant in 13 patients 
(13/19, 68.4%) whereas it was subacute in 
the remaining 6 patients (6/19, 31.6%). Fever 
(mean=38.5C) and dyspneoa were the most 
frequent symptoms (13/19; 68.4%) followed 

by non-productive cough (12/19; 63.2%), chest 
pain (4/19; 21.1%), and chills (2/19; 10.5%). 

prior administration of sulfamethoxazole-
trimethoprim was significantly associated with 
prophylaxis against PcP (x2= 17.24; P<0.01). 
Out of the 24 patients who received the prophy-
laxis against PcP, only two patients (2/24; 8.3%) 
developed PcP. On the other hand, no associa-
tion was found between the prior steroid admin-
istration and the development of PcP (P> 0.05) 
(Table 3). 



























              























              



Figure (3): Correlation between the duration of 
chemotherapy and the development of PcP (r 
= 0.326, P <0.05).
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Standard chest radiography and CT showed 
unequivocal pulmonary parenchymal abnor-
malities in all patients. Bilateral pulmonary in-
filtrates were observed in 13 out of the 19 PcP 
positive patients (68.4%) whereas 6 patients 
(31.6%) had unilateral infiltrates. A pattern of 
interstitial infiltrates was observed in 14 out of 
19 patients (73.7%) and was the most common 
feature. Alveolar infiltrates were observed in 6 
patients (31.6%) and both interstitial and alveo-
lar patterns in 6 patients (31.6%).

Six PcP positive patients (6/19, 31.6%) were 
transferred to the intensive care unit (ICU) for 
respiratory failure necessitating mechanical 
ventilation and two of them (2/19, 10.5%) died 
(one patient died from respiratory insufficiency 
a week after the diagnosis had been established 
and the other patient died from spontaneous 
pneumothorax 3 days after the diagnosis).

DISCUSSION

In the present study, using nested PCR, we 
were able to detect P. jirovecii DNA in 38% 
(19/50) of the studied patients. The detection of 
P. jirovecii among patients with hematological 
malignancies varied greatly between different 
studies. Weig et al.(31) and Muller et al.(11) de-
tected P. jirovecii DNA in 25.9% and 9.8% re-
spectively, of their studied German patients with 
hematological malignancies. Pagano and co-
workers(14) found that 22% of their studied bone 
marrow transplant recipients developed PcP. 
This variability in the rates of positive PcP cases 
among patients with hematological malignancies 
may be explained by the fact that PcP occurrence 
is largely influenced by other interacting factors 
as the degree of immunosuppression, the stage 
of hematological malignancy, previous steroid 
therapy, chemoprophylaxis and the degree of 
lymphopenia.

In the current work, 57.9% of PcP positive 
patients had lymphoproliferative disorders (7 
CLL and 4 ALL) and 15.8% had NHL. Simi-
larly, Pagano et al.(14) found that 58% of their 
studied PcP positive patients had lymphopro-
liferative disorders. A similar finding was also 
reported by Oren et al.(12).

In the present study, there was a significant 
difference between PcP positive and PcP nega-
tive patients regarding the TLC and the lym-
phocyte count. An inverse correlation existed 
between the development of PcP and the TLC 
as well as the development of PcP and the lym-
phocyte count. However, no significant differ-
ence was found between both groups regarding 
the neutrophil count. Our results are in agree-
ment with those of Pagano et al (14) who found 
that 60% of their studied patients had lympho-
cyte count <1 x10³/mm³ whereas only 22% had 
neutrophil count <1 x10³/mm³. The authors also 
observed that lymphopenia was closely related 
to PcP mortality. Similar findings were also re-
ported by Saito et al. (22), Wong et al. (33), Su et al. 
(26) and Weng et al. (32).

Most of PcP positive patients (63.2%), in 
the present work, developed the disease during 
the stage of complete remission whereas 
36.8% developed the disease at the stage of 
induction. Similar finding was observed by 
Roblot et al.(19) who found that 80% of their 
studied patients developed PcP at the stage of 
complete remission. In contrast, Hughes et al.(8) 
reported that PcP frequently occurred just after 
the induction of chemotherapy. Furthermore, 
Roblot et al.(18) suggested that clinicians should 
be aware that PcP can be an early infectious 
complication in patients receiving cytotoxic 
drugs for any hematological malignancy and 
primary prophylaxis should be considered as 
soon as possible, even during the induction 
phase of chemotherapy.

The onset of symptoms was acute fulminant 
in 68.4% of the PcP positive patients whereas 
it was subacute in 31.6% of patients. Fever and 
dyspnoea were the most frequent symptoms. 
These findings are in agreement with those re-
ported by Roblot et al(18), Pagano et al.(14), Bollée 
et al.(2) and Su et al.(26).

In the present study, there was a significant as-
sociation between the prior use of sulfamethoxa-
zole-trimethoprim and prophylaxis against PcP. 
This is in agreement with the study of Prasad et 
al.(15) who found that only one patient out of 143 
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(0.7%) of their studied patients developed PcP 
while he was on sutrim prophylaxis. 

No association was found between the prior 
administration of steroids (prednisone) and the 
development of PcP. This is in contrast to Saito 
et al. (22) and Roblot et al. (20) who reported a sig-
nificant association between corticosteroids ad-
ministration and the development of PcP among 
patients with hematological malignancies. 
Moreover, the authors found a significant posi-
tive correlation between the dose of steroids and 
the occurrence of PcP in those patients.

In agreement with the previous reports of Pa-
gano et al.(14) and Diero et al.(3), we also found no 
significant difference between the PcP positive 
and PcP negative patients regarding the duration 
of antibiotic therapy. 

Bilateral interstitial pulmonary infiltration 
was the most common Chest X-ray and CT find-
ing in PcP positive patients. Similar findings 
were also reported by Zahar et al.(34), Wong et 
al.(33) and Su et al.(26).

In the current work, 31.6% of PcP patients 
were transferred to the intensive care unit (ICU) 
for respiratory failure necessitating mechani-
cal ventilation and 10.5% of them died within 
one month of PcP diagnosis. Similarly, Rob-
lot et al.(19) and Gerhart and Kalaaji(6) reported 
mortality rates of 33.3% and 43%, respectively 
among PcP positive patients suffering from he-
matological malignancies. The authors noted 
that mortality occurred within 30 days from PcP 
diagnosis and was due to respiratory failure. A 
lower mortality rate of 17.2% was reported by 
Hardak et al.(7) whereas a higher mortality rate 
reaching 75.6% was reported by Weng et al.(32) 
among PcP positive non-HIV immunocompro-
mised patients.

Conclusion

Pneumocystis jirovecii pneumonia is a signif-
icant problem for immunocompromised patients 
suffering from haematological malignancies 
particularly those with lymphoproliferative dis-
orders. The disease is associated with increased 
incidence of ICU admission due to respiratory 
failure and death. Nested PCR can be considered 

a non-invasive and sensitive diagnostic method 
that can detect the very small number of P. jir-
ovecii in induced sputum samples obtained from 
those patients and hence improve the clinical 
management and outcome of PcP in those pa-
tients. Also, PCR technique can be used for large 
number of samples at one time and the result can 
be obtained within a day without any subjective 
bias which may occur for microscopic examina-
tion.
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الكشف عن اإللتهاب الرئوي Pneumocystis jirovecii باستخدام تفاعل البلمرة المتسلسل المتداخل )nested PCR( في 
مرضى أورام الدم الخبيثة

هالة محمود حافظ - نيفين نبيل مصطفى - هدى عزالعرب عبد الوهاب

الدم  الذين يعانون من أورام  بالنسبة للمرضى  ـPneumocystis jirovecii تهديد جديد  الرئوي  تشكل اإلصابة بعدوى اإللتهاب 
الخبيثة حيث يعاني هؤالء المرضى، وذلك على النقيض من مرضى فيروس نقص المناعة البشرية، من سرعة تفشي المرض ومضاعفاته 
التي قد تؤدي إلى فشل حاد في وظائف الجهاز التنفسي وحدوث الوفاة. وحيث أن الطرق التقليدية في تشخيص المرض، المعتمده على 
الفحص المجهري لعينات الجهاز التنفسي، عادة ما تفشل في الكشف عن ميكروب الـP.jirovecii بسبب قلة عدده في هؤالء المرضى 
أصبح من المهم إيجاد طريقة دقيقة تمكن من سرعه الكشف عن هؤالء المرضى والبدء في عالجهم ومن ثم تجنب المضاعفات الجثيمة. 
وتهدف هذه الدراسة إلى الكشف عن عدوى الـP. jirovecii بإستخدام تفاعل البلمرة المتسلسل المتداخل (nested PCR) في عينات 
 Pneumocystis الرئوي  االلتهاب  إنتشار  نسبة  ، وتحديد  البشرية  المناعة  نقص  بفيروس  الغير مصابين  الخبيثة  الدم  أورام  مرضى 
jirovecii بين هؤالء المرضى وكذلك تحديد العوامل المرتبطة باإلصابه وتطور المرض. وقد شملت الدراسة 50 مريضا من مرضى 
يستجيب  الذي ال  نمطي  الغير  الرئوي  االلتهاب  يعانون من  والذين  البشرية  المناعة  نقص  بفيروس  الغير مصابون  الخبيثة  الدم  أورام 
للعالج بالمضادات الحيوية كما أوضحت كل من الفحوصات السريرية واإلشعاعية التي تم إجراؤها. تراوحت أعمار المرضى بين 18 
و 73 سنة (42.7 ± 17.4 سنة) وتم جمع عينات من البلغم الناجم من هؤالء المرضى للكشف عن الـP. jirovecii باستخدام إختبار 
تفاعل البلمرة المتسلسل المتداخل. وقد  تم الكشف عن عدوى الـP. jirovecii في %38 من العينات التي تم فحصها باستخدام تفاعل 
البلمرة المتسلسل المتداخل. و لوحظ وجود عالقة عكسية ذات داللة إحصائية بين عدد كرات الدم البيضاء واإلصابة باإللتهاب الرئوي 
(P <0.01) Pneumocystis jirovecii ، وكذلك وجدت عالقة عكسية ذات داللة إحصائية بين عدد الليمفاويات واإلصابة باإللتهاب 
الرئوي Pneumocystis jirovecii (P<0.01). كما وجدت عالقة طردية ذات داللة إحصائية بين مدة العالج الكيميائي واإلصابة 
باإللتهاب الرئوي Pneumocystis jirovecii حيث أن معظم المرضى (٪62.3) أصيبوا بالعدوى خالل فترة  تقلص الورم. وخالل 
الدراسة أصيب %31.6 من مرضى االلتهاب الرئوي Pneumocystis jirovecii بفشل حاد في وظائف التنفس مما استدعى وضعهم 
Pneumocystis jir- 10.5 منهم. وقد إنتهى البحث إلى  أن االلتهاب الرئوي%  في الرعاية المركزة على جهاز التنفس الصناعي وتوفي
ovecii يشكل مشكلة كبيرة في المرضى الذين يعانون من أورام الدم الخبيثة ال سيما الذين يعانون من اضطرابات التكاثرية اللمفية حيث 
ترتبط اإلصابة بحدوث مضاعفات أهمها الفشل الحاد في وظائف الجهاز التنفسي وزيادة الوفيات. ويعد إختبار تفاعل البلمرة المتسلسل 
المتداخل أحد طرق التشخيص الغير نافذ والدقيق القادر على كشف عدد قليل جدا من ميكروب الـP.jirovecii  في عينات هؤالء المرضى 

وبالتالي يساعد على سرعه تشخيص عن هؤالء المرضى والبدء في العالج المناسب وتجنب المضاعفات.
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ABSTRACT
Background:It is estimated that around 20-25 % of the world’s adult population have metabolic syndrome (MS) and they 

are three times as likely to have a heart attack or stroke compared with people without. Thus there is an urgent need for early 
detection and accurate follow up. Objective: To evaluate serum chemerin levels in metabolic syndrome patients and to elu-
cidate its involvement as a risk factor in coronary artery disease (CAD). Methods: This study was conducted on 60 patients 
with MS (Group I), 30 of them had CAD (Subgroup Ia), and the other 30 patients were free (Subgroup Ib). In addition to 30 
age- and sex-matched apparently healthy control subjects (Group II). Fasting serum samples were collected for all subjects 
for the assay of glucose and lipid profile. Serum chemerin were estimated by ELISA technique. Results:Serum chemerin was 
significantly higher in group I than group II. Moreover, it was significantly elevated in subgroup Ia than subgroup Ib.Chemerin 
levels were positively correlated with total cholesterol, LDL-C and body mass index (BMI). In addition, a highly statistically 
significant positive correlation between chemerin and BMI was observed in subgroup Ib and group II. ROC curve analysis 
of serum chemerin to discriminate between subgroup Ia and subgroup Ib revealed that the best cutoff value was 200 ng/mL. 
This cutoff value had a diagnostic sensitivity of 73.3%, specificity of 56.7%, positive predictive value (PPV) 62.9%, negative 
predictive value (NPV) 68% and diagnostic efficacy of 65% with area under the curve (AUC) 0.752. Conclusion:High serum 
chemerin level is strongly associated with CAD accompanied by MS disorders. The assessment of its level could be beneficial in 
diagnosis, early detection and prevention of the unfavorable consequences of MS especially the cardiovascular complications. 
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INTRODUCTION
The metabolic syndrome is a cluster of the 

most dangerous heart attack risk factors. Meta-
bolic syndrome is present in nearly 45% of pa-
tients with clinical manifestations of atheroscle-
rosis(11). It is represented by raised fasting plasma 
glucose, abdominal obesity, dyslipidemia and 
high blood pressure(3).

Adipose tissue secretes adipokines, and their 
dysregulation in visceral obesity may play a role 
in the development of MS(5). The list of these 
dysregulated adipokines and cytokines is con-
stantly growing and is a reflection of the hetero-
geneity of adipose tissue due to the number of 
resident cell types(7).

Chemerin is an adipokine which has dual 
roles in adipose tissue metabolism and regula-
tion of immune response(13). Chemerin and its 
receptor, CMKLR1, are highly expressed in adi-
pose tissue. In addition, chemerin was found to 
be highly expressed during differentiation of ad-
ipocytes. Circulating levels of chemerin are sig-
nificantly associated with characteristics of met-
abolic syndrome (circulating triglycerides, blood 
pressure, body fat content and insulin resistance) 
in normal glucose tolerant human subjects(5).

The aim of the present study was to evaluate 
serum chemerin levels in metabolic syndrome 
patients and to elucidate its involvement as a risk 
factor in CAD.

SUBJECTS AND METHODS

Subjects 

The study was approved by the Ethical 
Committee of Faculty of Medicine, Ain Shams 
University. This study was conducted on sixty 
(60) patients with MS recruited from Ain Shams 
University Hospitals, Cardiac Department 
(Group I). Patients were diagnosed for metabolic 
syndrome according to the criteria established 
in the third report of the National Cholesterol 
Education Program Expert Panel as the presence 
of three or more of the following risk factors(8): 
waist circumference (WC) ≥80 cm in women 
or ≥90 cm in men, triglycerides ≥150 mg/dL, 
HDL-c ≤ 50 mg/dL in women or ≤ 40 mg/dL 
in men, blood pressure (BP) ≥130/85 mmHg, 
fasting blood glucose (FBG) ≥100 mg/dL. These 
patients were further classified according to the 
presence of CAD into two subgroups; subgroup 
Ia (30 patients) suffering from MS and CAD 
and subgroup Ib (30 patients) who have MS 



Abdel Aziz, M. M., et al 58

without CAD. Diagnosis of CAD was confirmed 
by coronary angiography, as subjects who had 
angiographic evidence of stenosis >50% in at 
least one major coronary artery. 

In addition, thirty (30) age- and sex-matched 
apparently healthy subjects (Group II) served as 
control group. Any subject suffering from dia-
betes mellitus, malignant disease, active inflam-
matory disease or advanced renal disease was 
excluded from the study.

After taking an informed written consent, all 
individuals included in the study were subjected 
to full history taking, thorough clinical examina-
tion, coronary angiography (for patients’ group 
only), measurement of height, weight and blood 
pressures, in addition to the assay of serum 
chemerin.

Sampling

Five milliliters of fasting venous blood were 
collected under complete aseptic precautions 
in plain test tubes. The serum was separated by 
centrifugation (1000x g for 15 minutes) and di-
vided into two aliquots. One was designated for 
the immediate assay of fasting glucose and lipid 
profile. The other aliquot was stored at -20ºC 
for subsequent assay of chemerin. Hemolysed 
samples were discarded. Repeated freezing and 
thawing was avoided.

Methods:

Analytical Methods:

Serum fasting blood glucose and lipid pro-
file (total cholesterol, triglycerides and HDL-C) 
were measured using Synchron CX-9 autoanaly-
ser (Beckman Instruments Inc.; Scientific In-
struments Division, Fillerton, CA 92634, 3100, 
USA). LDL-C value was calculated according to 
Friedwald equation. Chemerin assay was done 
using the commercially available enzyme-linked 
immunosorbent assay (ELISA) kit supplied by 
Clinilab Science Company (USA & Canada | 
R&D Systems, Inc. 614 McKinley Place NE, 
Minneapolis, MN 55413, USA). 

Statistical Methods 

Statistical analysis was performed using 
statistical software program SPSS version 
9.02.  The non-parametric quantitative data 

were expressed as median and interquartile 
range. Comparative statistics were done using 
Kruskal Wallis test and Wilcoxon rank sum 
test. Correlation analysis was performed using 
Spearman′s rank correlation coefficient (rs). 
p<0.05 was considered significant and p<0.01 
was considered highly significant. Receiver 
operating characteristic curve (ROC) analysis 
was applied to assess the diagnostic performance 
of chemerin. 

RESULTS

A highly statistically significant difference 
was found regarding body mass index and 
waist circumference between the studied groups 
(p<0.001, respectively). 

Total cholesterol, serum triglycerides, LDL-
C, T.Ch/HDL-C ratio, LDL-C /HDL-C ratio 
and serum chemerin were significantly higher 
in group I than group II except for HDL-C and 
HDL-C/T.Ch%, which were significantly lower. 
Regarding total cholesterol and LDL-C, p was 
<0.05, respectively, while all other data re-
vealed highly statistically significant difference 
(p<0.001, respectively).

As regards the descriptive and comparative 
statistics between the three studied groups re-
garding different studied laboratory parameters, 
all studied parameters showed a statistically 
significant difference on comparing subgroup 
Ia to control group (p<0.001, respectively). As 
regards total cholesterol, p was <0.01(Table 1). 

In context of subgroup Ib, all studied param-
eters showed statistically significant difference 
when compared to control group except for total 
cholesterol where p was >0.05. The p value was 
<0.001 for all significant parameters, except for 
LDL-C where p was <0.05. As regards compari-
son between subgroup Ia and subgroup Ib, HDL-
C and chemerin levels showed statistically signif-
icant difference (p<0.001, <0.05, respectively). 
However, there was no statistically significant 
difference between the two groups regarding 
other studied parameters (p>0.05) (Table 2).

Chemerin levels were positively correlated 
with total cholesterol (rs=0.401, p<0.01),LDL-
C (rs=.0401, p<0.05) and BMI (rs= 0.737, 
p<0.001) in subgroup Ia. In addition, a highly 
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statistically significant positive correlation be-
tween chemerin and BMI was observed in sub-
group Ib (rs= 0.759, p<0.001) and group II (rs= 
0.538, p<0.01).

Receiver operating characteristics (ROC) 
curve analysis was constructed to examine the 

diagnostic performance of serum chemerin for 
discrimination between subgroup Ia from sub-
group Ib, and it showed that the best cut off value 
was 200 ng/mL. This had a diagnostic sensitiv-
ity of 73.3%, specificity of 56.7%, PPV 62.9%, 
NPV 68% and diagnostic efficacy of 65% with 
AUC 0.752 (Figure 1).
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Table 1: Descriptive and Comparative Statistics between the studied groups regarding laboratory 
parameters using Kruskall Wallis test

p<0.01: Highly significant difference  HDL-C: High density lipoprotein-cholesterol LDL-C: Low density 
lipoprotein-cholesterol TC: Total Cholesterol. H – Kruskall Wallis test
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Table 2: Comparative statistics between the studied groups regarding laboratory parameters using 
Mann-Whitney test

p >0.05: Non significant difference. p<0.05: Significant difference. p<0.01: Highly significant difference. z  
:Mann-Whitney Test. HDL-C: High density lipoprotein-cholesterol. LDL-C: Low density lipopro-
tein-cholesterol. TC: Total Cholesterol.
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DISCUSSION
Chemerin is a proinflammatory plasma pro-

tein that binds to the chemerin receptor chemo-
kine-like receptor 1 (CMKLR1) on macrophages 
and plasmacytoid dendritic cells, and promotes 
chemotaxis, providing a unique mechanism 
by which chemerin enhances inflammation. 
Furthermore, chemerin-derived peptides were 
shown to possess anti-inflammatory properties, 
chemerin may be involved in both the initiation 
and resolution of inflammation(21). 

 In addition, chemerin was proved to be 
strongly related to markers of inflammation as 
TNF-α, IL-6 and CRP. Thus, it is conceivable 
that chemerin may be up-regulated in states of 
inflammation such as obesity, metabolic syn-
drome and atherosclerosis to dampen inflamma-
tory processes and to improve metabolic regula-
tion(12). Being also able to promote cholesterol 
uptake and foam cell formation, chemerin was 
suggested to have a role in inflammatory states 
and possibly atherosclerosis(15,22).

The present study revealed that serum 
chemerin was significantly higher in cases of 
group I (patients with MS) when compared with 
group II (control group), (p<0.001, respective-
ly). Chemerin levels were positively correlated 
with total cholesterol and LDL-C in cases of 
subgroup Ia (p<0.05, respectively) and high sta-
tistical significant correlation was observed with 
BMI (p<0.001). Moreover, a highly statistically 

significant positive correlation between chemer-
in and BMI was observed in subgroup Ib and 
group II (p<0.001, <0.01, respectively). 

These findings are in agreement with studies 
done by Bozaoglu et al.(5,6); Stejskal et al.(20) 

and Aksan et al.(2)who reported that higher 
serum chemerin concentration have a strong 
and independent association with aspects of 
the metabolic syndrome including WC and 
lipid profile independent of age and sex in non-
diabetic subjects.

Moreover, these results are also in accordance 
with Dong et al.,(8) and Sledzinskiet al.(19),who 
reported that serum chemerin concentrations 
were significantly higher in non-diabetic obese 
subjects than in healthy non-obese controls and 
positively correlated with BMI.

These findings were explained by the fact 
that human adipocytes express CMKLR1and 
secrete chemerin. Moreover, adipose tissue ex-
plants from obese patients who have high WC 
and disturbed lipid profile were characterized by 
significantly higher chemerin expression com-
pared with lean control subjects. It was also re-
vealed that chemerin release is correlated with 
adipocyte volume(17).

Unexpectedly, HDL-C was significantly 
higher in subgroup Ia compared to subgroup Ib 
(p<0.001). This may be due to healthy diet and 
lipid-lowering drugs that some patients with cor-
onary artery disease are following.

We reported a statistically significant eleva-
tion in serum chemerin level in subgroup Ia 
(p<0.05) than in subgroup Ib. These findings 
demonstrate the involvement of chemerin as a 
risk factor for development of CAD in patients 
with MS. This is consistent with a study done by 
Dong et al.,(8)  which reported that elevated se-
rum chemerin level was found to be an indepen-
dent predictive marker of the presence of CAD 
in subjects with MS.

Abdelhaleem and Alsalamony,(1) also re-
vealed that MS patients with CAD had signifi-
cantly higher serum chemerin levels than those 
without CAD. They mentioned that a possible 
explanation for the present results is that el-
evated chemerin levels may be a consequence 
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Figure 1: ROC curve analysis showing the diagnostic 
performance of chemerin for discriminating 
subgroup Ia and subgroup Ib.
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of impaired cardiovascular function in patients 
with MS.

Production of small dense LDL particles and 
decreased HDL levels in patients with MS in-
crease vascular infiltration by lipids and lead to 
the production of oxidized LDL (Ox-LDL). Oxi-
dized-LDL delivers a danger signal to the macro-
phages and leads to the production of foam cells 
producing cytokines and growth factors that will 
promote the development of atherosclerosis. In 
addition, elevated blood levels of cytokines and 
adipokines (such as chemerin) contribute to in-
creasing the inflammatory reaction(13). Metabolic 
syndrome has also been linked to visceral obe-
sity which has an important role in development 
of different heart valve diseases, including aortic 
stenosis (AS) and structural valve degeneration. 
It should be pointed out that small dense LDLs 
remain in circulation for a longer time, and have 
the ability to infiltrate tissues and to become oxi-
dized, thus explaining their important role in the 
pathophysiology of AS(14).

Moreover, the expression of chemerin mRNA 
and protein were found to be higher in epicar-
dial adipose tissue from Chinese CAD patients, 
and the severity of CAD was associated with 
the level of chemerin mRNA in epicardial adi-
pose tissue rather than its circulating level. Yet 
another study discussed that chemerin secreted 
locally by epicardial adipose tissue increases the 
risk and progression of CAD(10). Likewise, sev-
eral studies correlates that chemerin is closely 
associated with heart and in the progression of 
coronary artery disease(18). Patients with degen-
erative aortic valve disease showed a higher 
chemerin levels than those without. Multivari-
ate logistic regression analysis showed that in-
creased serum chemerin level is a predictor of 
aortic valve degeneration in patients with meta-
bolic syndrome(9).

Serum chemerin level was significantly in-
creased in patients with acute ischemic stroke 
compared to those with non-acute ischemic 
stroke. The increasing levels were also found to 
be associated with the instability of carotid artery 
atherosclerosis plaques. This could be a result of 
the inflammatory reaction that plays a crucial 
role in determining the stability of plaques(23).

However, a clinical study conducted on 
303 Caucasian subjects suggested that serum 
chemerin levels are strongly associated with the 
inflammatory markers and the components of 
metabolic syndrome; but is not associated with 
coronary atherosclerotic plaque morphology and 
does not predict coronary atherosclerosis(12). Ad-
ditionally, long-term over expression of chemer-
in was found to be not significantly affecting the 
extent of atherosclerotic lesion area in vivo(4).

ROC curve analysis of serum chemerin re-
vealed that the best cut off value of chemerin for 
discriminating patients with CAD versus those 
without was 200 ng/mL, with73.3% diagnostic 
sensitivity and 56.7% specificity.

Conclusions

High serum chemerin level is strongly asso-
ciated with metabolic syndrome disorders and 
coronary artery disease. Assessment of its level 
could be beneficial in diagnosis, early detection 
and prevention of these pathological states and 
their unfavorable consequences especially the 
cardiovascular complications. Hence, this study 
recommends the use of serum chemerin for the 
diagnosis of the metabolic syndrome and to be 
added to the panel of its laboratory parameters.
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الكيميرين: أحد المرسالت البيوكيميائية بين الخاليا الدهنية كداللة للتنبؤ بمرض الشريان التاجى فى مرضى متالزمة التمثيل الغذائى
منال محمد عبد العزيز - أيمن مرتضى عبد المطلب - هدى أحمد عبد الستار- محمد لطفى سليمان

   تشمل متالزمة التمثيل الغذائى العديد من اإلضطرابات األيضية مثل السمنة المركزية، الحساسية المفرطة تجاه الجلوكوز، إرتفاع ضغط الدم، زيادة 
نسبة الدهون بالدم و زيادة معدل التجلط مما يؤدي إلي اإلصابة بأمراض القلب و الشرايين . يعاني هؤالء المرضى من زيادة نسبة اإلصابة بأمراض 
القلب و الشرايين بنسبة من ضعفين الى ثالث أضعاف. وقد وجد أن متالزمة التمثيل الغذائي تتواجد في ما يقرب من20 -25% من األشخاص األصحاء 
و بنسبة 45% في مرضى تصلب الشرايين، وقد أثبتت الدراسات أن حوالى 80% من الوفيات في الدول ذات الدخل المنخفض والمتوسط تعود ألمراض 
القلب.  الكيميرين هو أحد المرسالت البيوكيميائية التى تفرز أساسا من األنسجة الدهنية وقد ثبت أنه يفرز أيضا من النسيج الدهنى المحيط بالشريان 
االورطى و الشرايين التاجية و الغشاء المحيط بالقلب ومن الخاليا البلعمية  في مرضى تصلب الشرايين. وكان الهدف من هذه الدراسة العالقة بين 
مستوي بروتين الكيميرين في الدم و مرض متالزمة التمثيل الغذائى وذلك إلكتشاف أهميته اإلكلينيكية وكذلك مدى تأثيره على اإلصابة بأمراض القلب 
و الشرايين فى هؤالء المرضى. وقد تضمنت الدراسة ستون مريضًا تم إختيارهم من قسم أمراض القلب و األوعية الدموية و قسم الباثولوجيا االكلينيكية 
بمستشفيات جامعة عين شمس وتم تقسيمهم إلي مجموعتين، األولي تشمل ثالثون مريضًا يعانون من متالزمة التمثيل الغذائى ومرض الشرايين التاجية 
والمجموعة الثانية مكونة من ثالثون مريضًا يعانون من مرض متالزمة التمثيل الغذائى وال يعانون من مرض الشرايين التاجية وقد تمت مقارنة 
نتائجهم مع ثالثون من األشخاص األصحاء المطابقون لهم في السن والجنس. وقد تم أخذ تاريخ إكلينيكي كامل وفحص لجميع المرضى مع قياس محيط 
الخصر و مؤشركتلة الجسم وقياس ضغط الدم وتم عمل فحوصات معملية لهم شملت نسبة السكرصائم، نسبة الدهون بمصل الدم. وقد تم أيضًا قياس 
نسبة بروتين الكيميرين بمصل الدم. كما تم حساب معامل خطورة أمراض القلب والشرايين. وقد أظهرت النتائج إرتفاعًا ذو داللة إحصائية ملحوظة 
في نسبة بروتين الكيميرين بالدم في مرضي متالزمة التمثيل الغذائى مقارنًة بالمجموعة الضابطة، و كذلك و بنسبة أعلى في مرضى متالزمة التمثيل 
الغذائى الذين يعانون من مرض الشرايين التاجية.  كما أظهرت دراسة العالقة المتبادلة بين مستوى الكيميرين بالدم والفحوصات المعملية واإلكلينيكية 
األخرى أن الكيميرين مرتبط ارتباطًا ايجابيًا بمؤشركتلة الجسم فى كل المجموعات وأنه يرتبط أيضاً  بالدهون المنخفضة الكثافة و الكوليستيرول فى 
مرضي متالزمة التمثيل الغذائى الذين يعانون من مرض الشرايين التاجية. كما أن نسبة حساسيته التشخيصية لتلك المتالزمة قد بلغت91.7 % ،بينما 
بلغت نسبة خصوصيته التشخيصية 100%.  ونستنتج من ذلك أن إرتفاع نسبة بروتين الكيميرين بالدم له عالقة قوية بمتالزمة التمثيل الغذائي وأيضًا 
بمرض القلب و الشرايين وأن قياس نسبة بروتين الكيميرين له دورهام في التشخيص واإلكتشاف المبكر وأيضًا الوقاية من هذه األمراض ومن َثم 
تالشي اإلصابة بمضاعفاتها وخاصًة أمراض القلب وتصلب الشرايين. لذا، فإننا نقترح إضافة فحص الكيميرين بالدم إلى الفحوصات المعملية األخرى 

الخاصة بمتالزمة التمثيل الغذائى لما له من قدرة جيدة على تشخيص تلك المتالزمة.
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ABSTRACT
Background:Prolonged hyperglycemia leads to non-enzymatic glycation of lipids and proteins that leads to formation of  

advanced glycation end products(AGEs). The effects of AGEs have been shown to be partially mediated via cellular  receptors, 
the most defined being the receptorf or AGEs (RAGE). At  least 30 polymorphisms in the RAGE gene have been identified, of 
which 9polymorphisms are in promoter region. The 374T/Aand the429T/C in promoter region are considered important in the-
pathogenesis of diabetic vascular complications. Aim of the study:To investigate the association of RAGE gene polymorphisms 
(429 T/C and 374 T/A) with diabetic vascular complications. Subjects and methods:The study was conducted on 36 diabetic 
patients; divided into 18 diabetic patients with microvascular complications and 18 diabetic patients with macrovascular com-
plications. The control group was age- and sex- matched diabetic patients without complications. Routine laboratory investiga-
tions including fasting, post prandial blood glucose, lipid profile and glycated hemoglobin were done for all participants in this 
study, in addition to detection of RAGE gene polymorphism by PCR-RFLP. Results: Our results revealed a higher frequency 
of genotypes TA and AA of 374 T/A polymorphism in patients with microvascular complications(TA= 27.2%, AA=33.3%) and 
macrovascular complications (TA= 22.2%, AA= 26.6%), yet it was not a statistically significant difference (P value=0.81).
Interestingly, our study revealed a significant increase in glycated hemoglobin HbA1c in individuals with genotypes TC and CC 
in comparison with TT genotypes (P value=0.006). This suggests that the presence of C allele may be associated with insulin 
resistance and insufficient glycemic control and hence elevation of HbA1c. Conclusion:The study had demonstrated that there 
was no significant association between RAGE gene polymorphisms 374 T/A and 429 T/C and diabetic vascular complications 
in Egyptian population. Further large, multiethnic, linkage and haplotype studies on larger sample sizes should be performed 
to confirm the role of RAGE gene polymorphism in disease susceptibility and pathogenesis.
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INTRODUCTION

Diabetes mellites, on the long term, causes 
microvascular complications (e.g. retinopa-
thy, nephropathy and peripheral neuropathy) 
as well as macrovascular complications (e.g. 
coronary artery disease (CAD), atherosclerosis 
and stroke).Several hypotheses showed possible 
etiologies of pathogenesis of diabetic vascular 
complications, the most important one involves 
formation and accumulation of advanced glyca-
tion end products (AGEs), which are formed at 
accelerated rate as a result of chronic prolonged 
hyperglycemia(16).

The effects of AGEs have been shown to be 
partially mediated via cellular receptors called 
the receptor for AGEs (RAGE). RAGE is a mul-
tiligand of the immunoglobulin superfamily of 
receptors located on chromosome 6p21.3 in the 
major histocompatibility complex locus, class 
III region. AGE-RAGE interaction alters several 
cell functions through modulation of multiple 
intracellular signaling pathways, resulting in the 
transcription of target genes, and generation of 

oxidative stress. The sustained interaction be-
tween AGEs and this receptor triggers RAGE-
dependent cellular activation, enhance inflam-
matory proliferative response and induce oxida-
tive stress, resulting in vascular dysfunction (9).

Several polymorphisms in the RAGE gene 
have been identified and investigated for their as-
sociation with diabetic vascular complications(1).
The 374T/A and the 429 T/C polymorphisms in 
promotor region were the most important poly-
morphisms that have been investigated in many 
studies for their association with various types of 
diabetic complications(8). Studies among differ-
ent populations have shown conflicting results, 
which may suggest that variation among popu-
lations may be the reason for inconsistency in 
linking disease complications to RAGE variants 
and encourages deeper studies in different popu-
lations(20).

However, little is known about the effect of 
RAGE gene polymorphism as a risk factor for 
diabetic vascular complications among Egyptian 
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population and hence, this study was conducted 
to assess the association between 374 T/A and 
429 T/C polymorphisms with diabetic vascular 
complications.

SUBJECTS AND METHODS

Subjects:

The study was conducted on 36 diabetic 
patients, divided into 18 diabetic patients 
with microvascular complications (Group Ia) 
and 18 diabetic patients with macrovascular 
complications(Group Ib), recruited from the 
Inpatients’ Departments and the Outpatients’ 
Clinic in Ain Shams University Hospital . 
They were 13 males and 23 females whose 
ages ranged from 40 to 70 years. In addition, 
15 age- and sex-matched diabetic patients 
without vascular complications were recruic-
ted as a control group (Group II). They were 
6 males and 9 females whose ages ranged 
from 43 to 66 years. Routine laboratory in-
vestigations including fasting, postprandial 
blood glucose, lipid profile and glycated he-
moglobin were done for all participants in 
this study, in addition to detection of RAGE 
gene polymorphism by PCR-RFLP.
Methods

Assay of RAGE Gene Polymorphism with 
PCR-RFLP:

    Principle:

It depends on amplification of a target region 
of the gene of interest by PCR then the ampli-
fied DNA product is digested by restriction en-
donucleases. The size of the digestion products 
is detected by agarose gel electrophoresis(19).

Procedure:

Step 1: Genomic DNA extraction:

-  DNA extraction was performed using 
QIAampDNA blood mini kit (QIAGEN, Strasse 
1, 40724 Hilden, Germany). 20uL of PK solu-
tion (nuclease inactivator), 200 uL of sample 
and 200uL of the buffer AL were added to 1.5 ml 
microcentrifuge tube, then they were mixed by 
pulse vortex for 15 seconds.Incubation was done 
for 20 minutes at 56°C.200 uL ethanol (96%) 

were added to the sample then mixed by pulse 
vortex for 15 seconds. The mixture was trans-
ferred to spin column, that is placed in a 2 ml 
collection tube, without touching the membrane 
in the spin column. Centrifugation was done for 
1 min at 8000 rpm then the collection tube was 
discarded and the column was put in a new col-
lection tube.500 uL of AW1 buffer is added to the 
spin column followed by centrifugation for 1min 
at 8000rpm then the collection tube was discard-
ed and the column was put in a new collection 
tube.500 uL of AW2 buffer was then added to 
the spin column followed by centrifugation for 
3min at 13.000 rpm then discarded. The spin col-
umn was then placed in a 1.5 ml microcentrifuge 
tube.150 uL of the elution buffer was then added 
followed by incubation at room temperature for 
2 minutes, and centrifugation at 8000rpm for 1 
min. The spin column was discarded, leaving 
150 uL of purified DNA in the DNA collection 
tube, the purified DNA was stored at -20 till am-
plification.

Step 2: Polymerase chain reaction:

In each run, the required number of PCR re-
action tubes was calculated and in each tube the 
following reagents were added: All reactions 
were performed in a volume of 25 uL containing: 
5µL of DNA extract,12.5µL of the ready to use 
hot start master mix ,1µL of forward primer,1µL 
of reverse primer,5.5 uL of RNASE free water . 
Sample tubes were placed in thermal cycler  with 
the following cycling program: 41 cycles of ini-
tial heat activation at 95°C for 15 minutes, DNA 
denaturation at 94°C for 1 min and annealing at 
51°C for 1 min. These were followed by an ex-
tension step at 72°C for 1min and a final exten-
sion step at 72°C for 10min.

DNA analysis by gel electrophoresis:

Amplified product of DNA samples were  
subjected to electrophoresis for 15 min. at 
100V,on 2% agarose gel, stained with ethidium 
bromide, together with DNA molecular weight 
marker to identify the site of bands (100bp DNA 
ladder).The separated bands were visualized by 
ultraviolet transilluminator and photographed 
with polarized camera. The amplified products 
were identified at 222 bp.
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Step3: Restriction fragment length 
polymorphism(RFLP):

• Protocol for Tas1 restriction enzyme:

The following reaction components were 
combined together at room temperature. All 
reactions were performed in a total volume of 
15 uL containing: 5 µL of amplified DNA prod-
uct,7.5 µL of RNASE free water,1.5 µL of 10 
×buffer B,1 µL of Tas1 restriction enzyme. Sam-
ples tubes were incubated at 65°C for 2 hours 
then digested products were analyzed by2% aga-
rose gel electrophoresis (100 volts for 60 min-
utes) and were visualized by ultraviolet transil-
lumination.

• Protocol for Alu1 restriction enzyme:

The following reaction components were 
combined together at room temperature. All re-
actions were performed in a total volume of 10 
ul containing: 5 µL of amplified DNA product, 
3.5 µL of nuclease free water,1 µL of 10×buffer 

L ,0.5 µL of Alu1 restriction enzyme . Samples 
tubes were incubated at 37°C for 2 hours. then 
digested products were analyzed by 2% agarose 
gel electrophoresis (100 volts for 60 minutes)and 
were visualized by ultraviolet transillumination

• Genotyping of 374 T/A polymorphism after 
Tas1 digestion:

         The subject was considered homozygous 
mutation if only one band develops at 222- bp., 
heterozygous mutation if the three bands de-
velop at 222- bp, 101- bp and 121- bp., or wild 
type if two bands develop at 101- bp and 121- 
bp(Figure 1).

•Genotyping of 429 T/C polymorphism after 
Alu1 digestion:

The subject was considered homozygous mu-
tation if: two bands develop at 176-bp and 46-
bp., heterozygous mutation if the three bands de-
velop at 222-bp, 176-bp and 46-bp., or wild type 
if only one band develops at 222 bp(Figure 2).
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Figure (1):PCR-RFLP results of 374 T/A RAGE gene polymorphism shows digested DNA product of 4 samples. 
Lanes 41 show homozygote 374TT (wild type)where two bands developed at 101-bp and 121-bp. Lanes 42 
showhomozygote for 374AA with one band developed at 222-bp. The Lane(L) is 100bp DNA ladder. 
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Figure (1):PCR-RFLP results of 374 T/A RAGE gene 

polymorphism shows digested DNA product of 
4 samples. Lanes 41 show homozygote 374TT 
(wild type)where two bands developed at 101-
bp and 121-bp. Lanes 42 show homozygote for 
374AA with one band developed at 222-bp. 
The Lane(L) is 100bp DNA ladder.

Figure (2): PCR-RFLP results of 429T/C RAGE gene 
polymorphisms shows digested DNA product 
of 15 samples. Lanes 17 show homozygote 
374TT (wild type) where one band developed 
at 222-bp Lanes 19 show homozygote 429CC 
where two bands developed at 176-bp and 46-
bp. Note: digested product of 46 bp DNA frag-
ment is too small to be seen in Lane 19 on the 
gel. The Lane (L) is 100bp DNA ladder.

Statistical analysis:

Statistical analysis was done using soft-
ware version SPSS (Statistical Package for 
the Social Sciences). Data was expressed 
as mean ( ), standard deviation (± SD) and 
range for numerical data, or frequency and 
percentage for non-numerical data.Stu-
dent’s t-test was used to assess the statis-

tical significance of the difference between 
two study group means. Analysis of Vari-
ance (ANOVA test) was used to assess the 
statistical significance of the difference be-
tween more than two study group means. 
Post Hoc test was used for comparison of all 
possible pairs of group means. Chi-Square 
test was used to examine the relationship 
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Parameters 
Group(n=15) 

Patients' group  
(n=18) 

Patients' group  
(n=18) 

ANOVA TEST 

 

SD 
 

SD 
 

SD P value sig. 

Age 53 6.1 56 7.5 55 7.4 0.4 NS 

TC(mg/dL) 148 32.83 213 63.76 176 50.67 0.003 S 

TG(mg/dL) 91 43.45 151 72.25 124 60.40 0.023 S 

LDL(mg/dL) 86 34.33 135 57.02 106 45.07 0.014 S 

HDL(mg/dL) 44 5.68 48 8.83 44 12.63 0.296 NS 

FBG(mg/dL) 216 82.33 211 78.16 179 48.96 0.270 NS 

PPBG(mg/dL) 317 86.50 304 89.46 264 65.88 0.152 NS 

HBA1C% 7.43 1.13 8.76 2.14 7.96 1.58 0.086 NS 

: Patients with macrovascular complication.TC:Total cholesterol                        TG:Triglycerides 
: Patients with microvascular complication.LDL:Low density lipoprotein          FBG:Fasting blood glucose 
: control group.HDL:High density lipoprotein PPBG:Postprandial blood  
P>0.05: Non significant (NS), P< 0.05: Significant (S).    HbA1C:Haemoglobin A1C                                   glucose 

 



          

           

   



                



           










Table (1): Descriptive and comparative analysis of different studied parameters between patients with dia-
betic complications versus controls.

Ia: Patients with macrovascular complication.TC:Total cholesterol TG:Triglycerides Ib: Patients with microvas-
cular complication.LDL:Low density lipoprotein FBG:Fasting blood glucose II: control group.HDL:High 
density lipoprotein PPBG:Postprandial blood glucose P>0.05: Non significant (NS), P< 0.05: Significant (S).    
HbA1C:Haemoglobin A1C

between two qualitative variables Fisher’s 
exact test was used to examine the relation-
ship between two qualitative variables when 
the expected count is less than 5 in more 
than 20% of cells. Level of significance was 
presented as P value, where P>0.05 is con-
sidered non- significant (NS), and P< 0.05 is  
significant (S).

Allo-genotype frequencies were calculated 
by the gene-counting method and were checked 
for Hardy–Weinberg analysis.Hardy-Weinberg 
equilibrium (HWE) is the state of the genotypic 
frequency of two alleles of one autosomal gene 
locus after one discrete generation of random 
mating in an indefinitely large population: if 
the alleles are A and a with frequencies p and q 
(q=1-p), then the equilibrium gene frequencies 
are simply p and q and the equilibrium genotypic 
frequencies for AA, Aa and aa are p², 2pq and 
q²(15).

RESULTS

Comparative analysis between the three 
groups showed that there was a statistically sig-
nificant increase in serum levels of TC, TG and 
LDL in patients with macrovascular complica-
tions compared to control group. But, no statisti-
cally significant differences were found between 
three groups as regards serum levels of HDL, 
FBG, PPBG and HbA1c (Table 1).

Regarding analysis of RAGE gene polymor-

phism in our study, we have investigated the as-
sociation between RAGE gene polymorphisms 
at positions 429 and 374 in promoter region 
and diabetic vascular complications in Egyptian 
population. In  the current study, our results re-
vealed a higher frequencies of genotypes TA and 
AA of 374 T/A polymorphism in patients with 
microvascular complications (TA= 27.8%, AA= 
33.3%) and macrovascular complications (TA 
=22.2%, AA =33.3%) than control group (TA 
13.3%, AA = 26.7%), yet it was not a statistically 
significant difference (P value = 0.81). Addition-
ally, the A allele frequency showed no statisti-
cally significant difference between cases and 
controls in relation to either microvascular and 
macrovascular complications or both complica-
tions (P value = 0.224)(Tables 2&3).

Regarding genotypic frequencies of 429 TC 
polymorphisms, our results showed no statisti-
cally significant difference between patient with 
microvascular and macrovascular complications 
and control group, this was also the case when 
we combined the two genotypes TC and CC in 
both patients group and control group (P=0.342) 
(Table 4).

Interestingly, our study revealed a significant 
increase in glycated hemoglobin HbA1c in indi-
viduals with genotypes TC and CC in comparison 
with TT genotypes (P value = 0. 006) (Table 5).
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Genotypes 
429 TC 

Group  
Patients' group  

(n=18) 
Patients' group 

(n=18)) 
Fisher's exact test 

N % N % N % P value sig. 

TT 14 93.3% 14 77.8% 17 94.4% 
0.342 NS 

TC/CC 1 6.7% 4 22.2% 1 5.6% 

Ia: Patients with Macrovascular complication. 
Ib: Patients with Microvascular complication. 
II: control group. 
P > 0.05: NS, P < 0.05: S 



           
           
 





Parameter 
TT TC/CC Student's t-test 

 

SD 
 

SD p value sig. 

Age 56 7.4 55 7.6 0.635 NS 

TC(mg/dL) 184 55.12 163 74.34 0.411 NS 

TG(mg/dL) 123 64.87 134 65.92 0.698 NS 

LDL(mg/dL) 113 49.87 89 54.33 0.286 NS 

HDL(mg/dL) 45 8.83 47 15.96 0.657 NS 

FBG(mg/dL) 197 67.45 236 94.60 0.212 NS 

PPBG(mg/dL) 289 78.03 333 111.60 0.226 NS 

HBA1C% 7.85 1.56 9.88 2.18 0.006 S 

: Patients with Macrovascular complication.TC:Total cholesterol                        TG:Triglycerides 
: Patients with Microvascular complication.LDL:Low density lipoprotein          FBG:Fasting blood glucose 
: control group.HDL:High density lipoprotein         PPBG:Postprandial blood  
P>0.05: Non significant (NS), P< 0.05: Significant (S).    HBA1C:Haemoglobin A1C                                   glucose 





Table (4): Comparative statistics between genotype (T/T) vs. (T/C+ C/C) of 429 T/C polymorphism in 
RAGE gene in patients and control groups.

Ia: Patients with Macrovascular complication. Ib: Patients with Microvascular complication.
II: control group. P > 0.05: NS, P < 0.05: S

10 
 




Genotypes 
429 TC 

Group  
Patients' group  

(n=18) 
Patients' group 

(n=18)) 
Fisher's exact test 

N % N % N % P value sig. 

TT 14 93.3% 14 77.8% 17 94.4% 
0.342 NS 

TC/CC 1 6.7% 4 22.2% 1 5.6% 

Ia: Patients with Macrovascular complication. 
Ib: Patients with Microvascular complication. 
II: control group. 
P > 0.05: NS, P < 0.05: S 



           
           
 





Parameter 
TT TC/CC Student's t-test 

 

SD 
 

SD p value sig. 

Age 56 7.4 55 7.6 0.635 NS 
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: Patients with Microvascular complication.LDL:Low density lipoprotein          FBG:Fasting blood glucose 
: control group.HDL:High density lipoprotein         PPBG:Postprandial blood  
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Table (5): Comparison between genotypes TT and TC/CC regarding numerical variables

Ia: Patients with Macrovascular complication.TC:Total cholesterol TG:Triglycerides
Ib: Patients with Microvascular complication.LDL:Low density lipoprotein FBG:Fasting blood glucose
II: control group.HDL:High density lipoprotein PPBG:Postprandial blood 
P>0.05: Non significant (NS), P< 0.05: Significant (S). HBA1C:Haemoglobin A1C glucose
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Ia:Patients with macrovascular complications. 
Ib:Patients with microvascular complications. 
II:Control group. 
P>0.05:Non Significant (NS) 



    
           


Allele 
Group (n=15) Patients'group(n=36) Chi square test 

N % N % P value sig. 

T-allele 20 66.6% 39 54.2% 
0.244 NS 

A-allele 10 33.4% 33 45.8% 

I: Patients with Macrovascular complication and Patients with Microvascular complication. 
II: control group. 
P > 0.05: NS, P < 0.05: S 
















Genotypes Group (n=15) 
Patients' 

group  (n=18) 
Patients' group  

 (n=18) 
Fisher's exact 

test 
374 TA N % N % N % P value sig. 

TT 9 60.0% 8 44.4% 7 38.9% 
 

0.81 
 

NS 
TA 2 13.3% 4 22.2% 5 27.8% 
AA 4 26.7% 6 33.3% 6 33.3% 

Table (2): Descriptive and comparative statistics between the control and patients groups regarding RAGE 
genotype frequencies (checked by HWE after gene-counting method).

Ia:Patients with macrovascular complications. Ib:Patients with microvascular complications.
II:Control group. P>0.05:Non Significant (NS)
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Ib:Patients with microvascular complications. 
II:Control group. 
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Allele 
Group (n=15) Patients'group(n=36) Chi square test 

N % N % P value sig. 

T-allele 20 66.6% 39 54.2% 
0.244 NS 

A-allele 10 33.4% 33 45.8% 
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Genotypes Group (n=15) 
Patients' 

group  (n=18) 
Patients' group  

 (n=18) 
Fisher's exact 

test 
374 TA N % N % N % P value sig. 

TT 9 60.0% 8 44.4% 7 38.9% 
 

0.81 
 

NS 
TA 2 13.3% 4 22.2% 5 27.8% 
AA 4 26.7% 6 33.3% 6 33.3% 

Table (3): Descriptive and comparative statistics between the control groups and combined patient groups regarding allele 
frequencies of 374 T/A polymorphism (checked by HWE after gene-counting method)

I: Patients with Macrovascular complication and Patients with Microvascular complication.
II: control group.  P > 0.05: NS, P < 0.05: S
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DISCUSSION

Regarding analysis of RAGE gene polymor-
phism in our study, we have investigated the as-
sociation between RAGE gene polymorphisms 
at positions 429 and 374 in promoter region and 
diabetic vascular complications in a group of 
36 Egyptian diabetic patients with microvascu-
larand macrovascular complications, as well as 
15 diabetic patients with no complications serv-
ing as a control group. 

Where as several studies have showed protec-
tive role of A allele against macrovascular com-
plications of diabetes, thers showed the A allele 
as a risk rather than a protective factor against 
diabetic complications(13). However, majority of 
reports available did not show any significant as-
sociation between  374T/A polymorphism and 
diabetic complications in various ethnic popula-
tions(17). 

In the current study, our results revealed a 
higher frequencies of genotypes TA and AA 
of 374 T/A polymorphism in patients with mi-
crovascular complications (TA= 27.2%, AA= 
33.3%) and macrovascular complications (TA 
=22.2%, AA =33.3%) than control group (TA 
13.3%, AA = 26.6%), yet it was not a statisti-
cally significant difference (P value = 0.81). 

Additionally, the A allele frequency showed 
no statistically significant difference between 
cases and controls in relation to either microvas-
cular and macrovascular complications or both 
complications (P value = 0.224).

Regarding microvascular complications 
of diabetes, our results were in contrast with 
Globocnik Petrovic et al.(4) who found an 
association between 374T/Apolymorphism 
and proliferative retinopathyin a Caucasian 
population. Their results came in consistence 
with Ramprasad et al.(17) who conducted a study 
on South Indian population. In addition, a report 
provided byLindholm et al.(9) suggested that 374 
T/Apolymorphism is associated with diabetic 
complications, most strongly with diabetic 
nephropathy.

Regarding macrovascular complications of 
diabetes, Picheth et al.(16) discovered that 374A 
allele reduce the risk of coronary artery disease 

among diabetic patients in African–Brazilian 
and Caucasian–Brazilian population and this 
was reaffirmed by a meta analysis report by 
Lu and Feng(11)  and Chawla et al.(3), who found 
a protective nature of 374A allele against the 
development of macrovascular complications 
in DM patients. So, if the374A allele is protec-
tive, this may be in contrast with the in-vitro data 
which suggested that this variantincreases RA-
GEexpression. It is however possible that this 
increase is a reflection of the cell types used for 
these in-vitro studies and may give differing re-
sults in vascular cells. Further in-vitro studies 
are required to reveal the role of the374T/A vari-
ant in transcription(9).

The association of the 429TC RAGE gene 
polymorphism and diabetic complications has 
been dealt with by many researches before; some 
confirmed the association while others denied it.

Regarding genotypic frequencies of 429 TC 
polymorphisms, our results showed no statisti-
cally significant difference between patient with 
microvascular and macrovascular complications 
and control group, this was also the case when 
we combined the two genotypes TC and CC in 
both patients group and control group (P=0.342).

These results agreed with a report carried out 
in Chinese population that showed no significant 
association of 429T/C SNP with macrovascular 
complication in T2DM patients(18). Also, as re-
gard the relation of this polymorphism with mi-
crovascular complications, a studyon Malaysian 
population showed no significant association 
between 374TA and 429 TC and diabetic reti-
nopathy(17).

In contrast, a study on the African-Brazilian 
populationshowed a significant association be-
tween 429TC polymorphism and ischemic heart 
disease and towards increase risk of IHD in 
T2DM(22). 

Interestingly, our study revealed a significant 
increase in glycated hemoglobin HbA1c in 
individuals with genotypes TC and CC in 
comparison with TT genotypes (P value = 
0. 006). This suggest that the presence of C 
allele may be associated with insulin resistance 
and insufficient glycemic control and hence 
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elevation of HbA1c in this group.These results 
agreed with Laki et al.(8) who reported that the 
429C allele was associatedwith higher HbA1c 
levels in diabetic subjects and also occurred with 
an increased incidence in type1 diabetes.

Finally, in 2014,Tripathi et al.(21) study of 
RAGE gene polymorphisms (374 T/A, 429 T/C 
in promotor region and Gly82Ser in exon region) 
and their haplotypes on North Indian population 
showed that 374 T/A polymorphism had a pro-
tective nature against macrovascular complica-
tion in contrast with 429TC polymorphism that 
showed a significant association of mutant vari-
ant with progression of macrovascular complica-
tions in T2DM subjects (OR = 2.898, P = 0.0001). 
The DM population with mutant variant TC, CC 
had three fold more chances of developing mac-
rovascular complications in comparison to DM 
patients with wild genotype TT. In addition,the 
same work group carried out haplotype analysis 
of the three SNPs of RAGE gene and observed 
that out of possible eight haplotypes combina-
tion only four haplotypes have >1% haplotype 
frequency. The study have revealed that hap-
lotype CTG was associated with high risk of 
development of macrovascular complications 
among diabetic subjects, while haplotype TAG 
was associated with reduced risk of macrovas-
cular complications in T2DM patients confirm-
ing the results on association of individual SNPs 
with vascular complications in T2DM patients.

Also, in an earlier report of Zee et al. have 
reported the association of haplotype TAG with 
reduced risk of ischemic stroke (p = 0.05)(22). 

A possible explanation for our findings could 
be that the 374 A allele and 429C allele may be 
in linkage disequilibrium with adjacent regions 
nearby the RAGE gene that are associated with 
diabetic complications as shown inother previ-
ous studies(12). Several studies have demonstrated 
an associationbetween diabetic vascular compli-
cations and 374T/A and 429 T/C polymorphism 
extended haplotype(10,22,12).

The conflicting results and conclusions by 
various studies can also be explained by many 
reasons. It became evident that single-locus 
effects cannot explain multifactorial chronic 

diseases. Thus, when the single polymorphism 
effect is not present alone or is not strong 
enough, it is important to characterize the other 
genepolymorphisms related to susceptibility, 
keeping in mind the concept of multilocus 
genetic interactions. Multifactor dimensionality 
reduction (MDR) is statistical tool used to 
analyze gene-environment interactions, and 
it has been used in many genetics studies of 
common diseases.

Moreover, ethnic variations can alter haplo-
type block structure resulting in noncausative 
allelic association or different genetic and envi-
ronmental contributions of disease risk in vari-
ous races(2).

Additionally, the type of diabetes, duration 
of diabetes, and other characteristics, such as the 
patients’inclusion criteria  and the sample size 
vary between the studies and influence there-
sults.

In conclusion, the study had demonstrated 
that there was no significant association be-
tween RAGE gene polymorphisms 374T/A and 
429 T/C and diabetic vascular complications in 
Egyptian population. Further large, multi-ethnic, 
linkage and haplotype studies on larger sample 
sizes should be performed to confirm the role of 
RAGE gene polymorphism in disease suscepti-
bility and pathogenesis.
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 دراسة العالقة بين المتغير الجيني374TA&429TC  لجين مستقبالت المواد السكرية النهائية  
و مضاعفات مرضي السكري عن طريق التفاعل البلمري التسلسلي

كريم شاهين - أميرة حامد - هبة علي

مرض السكري هو اضطراب متعدد العوامل يصاحبه ارتفاع مزمن في مستوى السكر في الدم وزيادة خطورة االصابة 
بمضاعفات االوعية الدموية الدقيقة والكبيرة والتي تعتبرمن االسباب الرئيسية لحدوث الوفيات. ويعد االرتفاع المزمن في 
مستوى السكر في الدم سببا رئيسيا لتغيرات االوعية الدموية لمرضى السكري والذي بدوره يؤدي الي تفاعل غير انزيمي 
انتاج وتراكم المواد  النهائية بمعدالت مرتفعة. وهناك ادلة متزايدة على ان  مع الدهون والبروتينات مكونا المواد السكرية 
السكرية النهائية له دور في حدوث مضاعفات االوعية الدموية الدقيقة والكبيرة، وقد تبين تأثير المواد السكرية النهائية من 
خالل مستقبالت خلوية تعرف بمستقبالت المواد السكرية النهائية، تشتمل هذه التأثيرات على زيادة في تكوين هذه المستقبالت 
وتنشيط العوامل التي تساعد على االلتهاب والتجلط والمساهمة في حدوث مضاعفات مرض السكري و بالتالي ينشأعالقة 
هذه المستقبالت بمضاعفات مرض السكري ولذلك قد جعل ارتفاع تكوين هذه المستقبالت وتأثيرها المرضي على االوعية 
الدموية السكرية الى ان يكون الجين المكون لها باالضافة الى المتغيرات الجينية لهذا الجين مرشحا هاما لمضاعفات االوعية 
الدموية السكرية. وتعد مستقبالت المواد السكرية النهائية  من عائلة مستقبالت  الغلوبين المناعي والتي تقع علي الكروموسوم 
السادس في منطقة معقد التوافق النسيجي.وقد تم تحديد ٣٠ تعدد جيني علي األقل لجين مستقبالت المنتجات السكرية النهائية. 
ويعد المتغير الجيني T429C وT374A من اهم المتغيرات الجينية التي تم القاء الضوء عليها في العديد من الدراسات. تم 
دراسة العالقة بين كال المتغيرين الجينين ومضاعفات مرض السكري في مختلف االعراق وذلك لدورهما في التأثير على 
نسخ مستقبالت المواد السكرية النهائية واظهرت هذه الدراسات نتائج متناقضة حيث اوجدت دراسات بان هناك عالقة بين 
هذه المتغيرات الجنينة وارتفاع نسبة حدوث مضاعفات السكري واوضحت دراسات معاكسة بأن المتغير الجينيT374A له 
تأثير وقائي ضد مضاعفات االوعية الدموية الكبيرة. في حين اثبتت دراسات اخرى انعدام العالقة بين هذه المتغيرات الجينية 
ومضاعفات مرض السكري. استهدف البحث التحقق من العالقة بين المتغير الجيني  T473A& T429C لجين مستقبالت 
المواد السكرية النهائية ومضاعفات األوعية الدموية لمرضي السكري. تم اجراء هذه الدراسة على ستة وثالثين من مرضى 
الثاني وتم تقسيمهم الى ثمانية عشر من المرضي الذين يعانون من مضاعفات األوعية الدموية الدقيقة  السكري من النوع 
وثمانية عشراخرى من المرضى الذين يعانون من مضاعفات األوعية الدموية الكبيرة، واشتملت المجموعة الضابطة علي 
خمسة عشرة فردا من مرضي السكري والذين اليعانون من أي مضاعفات ومقابلين للمرضى في السن والنوع. وتم قياس 
المتغير الجيني T473A وT429C لجين مستقبالت المواد السكرية النهائية بواسطة التفاعل البلمري التسلسلي وباستخدام 
انزيم التقييد. وقد اظهرت النتائج االحصائية لهذه الدراسة انعدام العالقة بين النمط الجيني  T473AوT429C ومضاعفات 
مرض السكري عند مقارنة مجموعة المرضى ذوي المضاعفات والمجموعة الضابطة على الرغم من ارتفاع نسبة النمط 
لهذه  السلبية  النتائج  وترجع  الضابطة.  بالمجموعة  بالمقارنة  المضاعفات  ذوي  المرضى  في   T429Cو  T473A الجيني 
الدراسة الي صغر اعداد المرضى المشتملين في الدراسة واالختالفات العرقية بجانب احتمالية وجود عالقة بين النمطيين 
الجينين بأماكن جينية مقاربة والتي لها عالقة بحدوث مضاعفات السكري. وبناء على ذلك تبين من هذه  الدراسة  عدم وجود 

عالقة بين النمطيين الجينين T473A  وT429C ومضاعفات مرض السكري لدى المصريين.





PLASMA ALBUMIN mRNA, A POTENTIAL BIOMARKER OF 
HEPATOCELLULAR CARCINOMA IN HCV PATIENTS

Ramy Salem*  and  Hossam Eldin Mohamed**

ABSTRACT
Background and Objective: Hepatitis C virus (HCV) is a major cause of chronic liver disease. Chronic infection with HCV 

can progress to fibrosis, cirrhosis and/or hepatocellular carcinoma (HCC). We aimed to investigate the role of albumin mRNA 
as a marker of hepatic cell injury in hepatocellular carcinoma patients as well as in chronic hepatitis C (CHC). Methods: 
The study included 30 HCC patients, 30 CHC patients and 20 age matched healthy individuals. We assessed plasma albumin 
mRNA by real-time polymerase chain reaction and correlated its expression with that of serum ALT and AFP. Results: Plasma 
albumin mRNA was significantly higher in HCC patients than both CHC patients and healthy individuals. Although albumin 
mRNA correlated significantly with ALT levels, plasma albumin mRNA showed no significant difference between CHC patients 
and healthy individuals. Also, plasma mRNA correlated with AFP levels, however, AFP levels were significantly higher in both 
HCC and CHC patients than healthy individuals while albumin mRNA was only higher in HCC patients. Interpretation and 
Conclusions: Unlike AFP, plasma albumin mRNA increases in HCC while remaining almost normal in cases of CHC. Thus, 
albumin mRNA measurement may represent a more attractive tool for differentiating malignant from inflammatory lesions than 
AFP. Further studies are required to investigate the clinical utility of albumin mRNA for assessing and managing hepatocel-
lular carcinoma. Key words: Albumin mRNA, AFP, HCC, HCV
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INTRODUCTION

According to the World Health Organiza-
tion (WHO), about 130–170 million people are 
chronically infected with the Hepatitis C vi-
rus(25). In 2008, the prevalence rate of hepatitis 
C virus (HCV) infection in Egypt was estimated 
about 14.7% according to an Egyptian Demo-
graphic Health Survey(6). This high prevalence 
provides a unique opportunity to evaluate HCV 
disease pathophysiology. HCV infection is one 
of the leading causes of chronic hepatitis and its 
serious complications, among which are liver 
cirrhosis and hepatocellular carcinoma (HCC(23). 
Unfortunately, hepatitis C has an unpredictable 
clinical course, accordingly an early marker to 
detect liver cell injury is highly imperative. 

Although, assessment of liver cell damage 
has long been based on measuring the levels of 
serum aminotransferases; alanine aminotrans-
ferase (ALT) and aspartate aminotransferase 
(AST), these two markers lack sensitivity and 
specificity and their levels vary at different time 
points in the same patient(22). Liver cell damage, 
resulting from chronic hepatitis, leads to release 
of certain products besides the aminotransfer-
ases; such as nucleic acids of hepatic origin, to 
the circulation(10, 11). Monitoring of such markers 

provides a prognostic indicator of the hepatic 
state.

Over the last decades, many applications 
based on detection and quantification of such 
free nucleic acids in plasma have been report-
ed(14). Among these nucleic acid markers, organ 
specific mRNA is considered a valuable marker 
to detect cell injury due to its high expression 
resulting in constant production in high quanti-
ties or copies regardless of its target protein lev-
els that may increase or decrease according to 
the nature of the pathology, causative insult and 
organ affected. Moreover, the detection of circu-
lating mRNA is comparable with DNA and even 
may be superior due to its abundancy(1).   The 
diagnostic value of such applications appears 
promising in a number of cancers(15,16,17,18,19,20), 

prenatal diagnosis of abnormal development(13), 
and assessment of trauma patients(8).  Some of 
these valuable applications are also used to as-
sess the outcome of organ transplantation(7). 

Albumin is a plasma protein that is predomi-
nantly synthesized by liver cells. Thus, its mRNA 
is a candidate marker of hepatocytes injury. The 
presence of albumin mRNA in whole blood, 
peripheral blood mononuclear cells as well as 
plasma has been reported(3). Herein, we investi-
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gated the role of albumin mRNA as a marker of 
hepatic cell injury in chronic hepatitis C as well 
as hepatocellular carcinoma patients on top of 
HCV chronic infection. We assessed the levels 
of circulating albumin mRNA by real-time poly-
merase chain reaction (PCR) and correlated its 
levels with that of serum ALT and AFP.

MATERIALS AND METHODS

 Study subjects

Prior to initiation, this study received ap-
proval by the Ethical Committee of Faculty of 
Medicine, Ain Shams University. Sample size 
was calculated using Power and Sample Size 
Calculations software version 3.1.2. The study 
recruited a total of 80 individuals in 3 groups be-
tween the period of February 2016 and August 
2016. Patients with chronic hepatitis C (CHC) 
and hepatocellular carcinoma (HCC) were en-
rolled from Hepatology Outpatient Clinic, Ain 
Shams University Hospital. Group I: included 
30 CHC patients and not under treatment. Diag-
nosis of chronic hepatitis was based on positive 
HCV antibody testing, elevated liver enzymes 
and positive HCV RNA by real time PCR. PCR 
was performed to exclude non-HCV cases, so 
viral load was not taken into account. Absence 
of HCC in this group was confirmed by imag-
ing studies. Group II: included 30 HCC patients 
on top of HCV chronic infection and not under 
treatment. Diagnosis was based on liver biopsy 
and histopathological examination. Group III: 
included 20 age-matched healthy individuals 
who were confirmed to be HCV negative and 
were studied as a control group.

 Sample collection and processing 

Venous blood samples (4mL) were obtained 
from each participant. Blood was allowed to 
clot, serum was separated for measurement of 
ALT and AFP. A second sample (4mL) was col-
lected on EDTA and plasma was separated by 
centrifugation and stored at -20oC till used for 
RNA extraction.

Assessment of liver function

Serum levels of ALT (as a marker of paren-
chymal injury) were determined on a UniCel 
DxC600 chemistry analyzer (Beckman Instru-
ments Inc., CA, USA) while serum Alpha Feto-

protein (AFP) levels were determined on Cobas 
e411 (Roche diagnostics, Basel, Switzerland).

Assessment of HCV Ab and HCV RNA

Testing for the presence of HCV anti-
body was done using Cobas e411(Roche di-
agnostics, Basel, Switzerland) while presence 
of HCV RNA was done using Artus® HCV 
Reverse transcriptase PCR Kit (Qiagen, Hilden, 
Germany) on Rotorgene Q real-time PCR syst-
tem (Corbett Research, Australia).

Albumin mRNA extraction and Real-time PCR 

RNA was extracted from plasma using 
RNeasy Mini Kit (Qiagen, Hilden, Germany). 
cDNA was synthesized using High Capacity 
cDNA Reverse Transcription Kit (Applied Bio-
systems, CA, USA) by incubating 10uL of RNA 
extract with 10uL of RT master mix (ready-
made) at 25oC for 10 minutes, 37oC for 120 min-
utes and finally at 85oC for 5 minutes. Real-time 
PCR was performed using Quantifast probe PCR 
Kit (Qiagen, Hilden, Germany) on Rotor-Gene 
Q PCR system. Amplification was done accord-
ing to the following protocol: initial activation 
at 95°C for 5 minutes followed by 35 cycles of 
denaturation at 95°C for 30 seconds, annealing 
and extension at 60°C for 30 seconds. Primers 
for the human glyceraldhyde-3-phosphate dehy-
drogenase (GAPDH) gene were also used for the 
housekeeping gene. We used the comparative CT 
method (also referred to as the 2−ΔΔCTmethod) for 
relative quantitation of albumin mRNA expres-
sion i.e. expression of albumin mRNA was nor-
malized to expression of GAPDH. 

Statistical analysis

Statistical analysis was performed using 
Prism 5 software (GraphPad, La Jolla, CA). De-
scriptive statistics were presented as median, in-
terquartile range and percentages. Groups were 
compared using Kruskal-Wallis test and when-
ever significant, post-hoc test was used to com-
pare subgroups. Correlation between parameters 
was determined using Spearman’s correlation 
coefficient p value <0.05 was considered statisti-
cally significant.

RESULTS

We assessed albumin mRNA concentrations 
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in plasma samples from 30 patients with CHC, 
30 patients with HCC and 20 healthy controls. 
Demographical and clinical characteristics of 
patients and controls are reported in table 1.

ALT and AFP results:

We measured levels of ALT and AFP in 
serum and compared their levels between the 
three studied groups. The three groups had sig-
nificantly different ALT and AFP concentrations 
(p<0.0001, Kruskal-Wallis test). Post-hoc analy-
sis showed that HCC patients had significantly 
higher ALT compared to both CHC patients 
(p<0.0001) and healthy controls (p<0.0001). 
Also, CHC patients had significantly higher 
levels of ALT compared to healthy controls 
(p<0.0001). 

Concerning AFP levels, HCC patients had 
significantly higher AFP compared to both 
CHC patients (p<0.0001) and healthy controls 
(p<0.0001). Also, CHC patients had signifi-
cantly higher levels of AFP compared to healthy 
controls (p=0.018) (Figure 1).

Expression of Albumin mRNA

We examined the expression of albumin 
mRNA in plasma using real time PCR and re-
sults were normalized to the expression of hu-
man GAPDH to assess the relative expression of 
albumin mRNA. Relative expression of albumin 
mRNA was compared between the three studied 
groups. The three groups had significantly dif-
ferent expression of Albumin mRNA (p<0.0001, 
Kruskal-Wallis test). Post-hoc analysis showed 
that HCC patients had significantly higher 
expression compared to both CHC patients 
(p<0.0001) and healthy controls (p<0.0001). On 

the other hand, no significant difference in albu-
min mRNA expression was observed between 
CHC patients and healthy controls (p=0.83) 
(Figure 1).

Concerning the diagnostic performance of 
albumin mRNA expression versus the routine 
marker AFP, between the different subgroups. 
Between control and HCC subgroups AFP (at 
cutoff 4.0 ng/mL) showed a diagnostic sensitiv-
ity, specificity and AUC of 93.3%, 94.4% and 
0.98 respectively.  Meanwhile, albumin mRNA 
expression best cutoff was 1.7 RE with diag-
nostic sensitivity, specificity and AUC of 97%, 
72.2% and 0.94 respectively (Figure 2). 

Finally, between the remaining 2 groups 
(CHC vs HCC) the performance characteristics 
of AFP at cutoff 10 ng/mL diagnostic sensitivity, 
specificity and AUC were 86.7%, 84% and 0.93, 
respectively. Meanwhile, albumin mRNA at cut-
off 2.0 RE diagnostic sensitivity, specificity and 
AUC 90%, 83% and 0.91 (Figure 3).

Correlation between albumin mRNA expres-
sion and different liver function tests

Expression of albumin mRNA correlated 
with the other studied parameters of liver func-
tion. Correlation of albumin mRNA expression 
with ALT levels revealed a Spearman correla-
tion coefficient of 0.58 (p<0.0001). Finally, Cor-
relation of albumin mRNA expression with AFP 
levels revealed a Spearman correlation coeffi-
cient of 0.61 (p <0.0001) (Figure 4).

Abbreviations: ALT, Alanine aminotrans-
ferase; AFP, Alpha-fetoprotein; CHC, Chronic 
hepatitis C; HCC, Hepatocellular carcinoma; 
RE, Relative expression

Table 1: Demographical and clinical characteristics of patients and controls
CHC patients HCC patients Controls

Age in years 54 (48-68) 58 (52-71) 55 1(47-70)
Sex (M/F) 26/4 28/2 17/3
ALT, IU/L 41 (36-54) 81.5 (67-132) 18.5 (15-22)

AFP, ng/mL 3.0 (2.3-4.8) 23.5 (11.5-277) 2.3(1.8-3.1)
Albumin mRNA, RE 1.06 (0.36-2.32) 4.82 (2.89-34.36) 1.03 (0.44-1.93)

Data are presented as the median (interquartile range).
Abbreviations: ALT, Alanine aminotransferase; AFP, Alpha-fetoprotein; CHC, Chronic hepatitis C; 
HCC, Hepatocellular carcinoma; RE, Relative expression
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DISCUSSION

The invasive nature of a biopsy makes it un-
suitable for cancer screening in high-risk popu-
lations. This suggests an imperious need for 
discovering new diagnostic tools that would 
improve early detection(2). A new method for 
assessment of cellular damage and early stages 
of cancer is the detection of organ specific free 
nucleic acids that are released into the circula-
tion(9,24). Cell free nucleic acids are released into 
plasma, serum and other body fluids(5). Two 
types of free nucleic acids can be assayed; cell 
free DNA and cell free RNA(17). The detection of 
tumor-related cell-free mRNA opens up a new 

and interesting field in cancer patient screening 
and monitoring. 

It has been presumed that human mRNA in 
serum is highly degraded by RNases in blood(19). 
This has recently changed with several articles 
clearly demonstrating the presence of amplifi-
able RNA in plasma/serum. The extracellular 
mRNA was reported stable in serum for up to 3 
hours(12).

The liver being one of the largest organs of 
the body, it is expected that RNA expressed by 
genes in the liver cells, such as albumin, is de-
tectable in the peripheral circulation because of 
cell death associated with pathologic damage(3) 

Figure 4 Significant correlation between relative expression of albumin mRNA and liver function 
parameters: (A) ALT (B) AFP.

Abbreviations: ALT,  Alanine aminotransferase; AFP, Alpha-fetoprotein; CHC, Chronic hepatitis C; HCC, 
Hepatocellular carcinoma; RE, Relative expression
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regardless of the protein level itself. Liver cell 
injury or death will lead to release of the nucleic 
acid material to the circulation (despite of the as-
sociated decrease of albumin concentration) due 
to decrease hepatic cell mass,  or the decreases in 
ability of the cells to translate the genetic codes, 
assembly of amino acids or  performance post 
translation modifications. In this study, we in-
vestigated role of the albumin mRNA as a mark-
er of hepatic cell injury in hepatocellular carci-
noma patients as well as in chronic hepatitis C. 

Our results showed, although albumin 
mRNA correlated significantly with ALT and 
AFP levels, there were no statistical difference 
of albumin mRNA expression between CHC 
and healthy control groups, on the contrary CHC 
group showed significant higher ALT and AFP 
levels than control group. Meanwhile, HCC 
group showed significant higher albumin mRNA 
expression and AFP level than both control and 
CHC. These data support our assumption that al-
bumin mRNA is a more sensitive and specific 
marker of hepatocytes injury than AFP.   

In accordance with our results, Thabet et al. 
demonstrated significantly higher ALB mRNA 
in plasma of HCC patients more than controls 
and CHC cases. The study was done in Egypt 
and included 34 HCC patients, 31 CHC cases 
and 25 healthy controls(21). 

Chan et al., conducted a similar study in 
Hong Kong. In agreement with our results, the 
authors reported that patients with HCC had sig-
nificantly higher plasma ALB mRNA concentra-
tions than healthy controls(3).

Moreover, by analyzing the diagnostic per-
formance, we found nearly a similar perfor-
mance between albumin mRNA and AFP. Al-
bumin mRNA expression (at cutoff 2RE) has a 
better sensitivity (90%) than AFP (at cutoff 10 
ng/mL, 87%) but less specificity (83% vs 90%). 
These data also support the same point of view 
of usefulness of albumin mRNA expression 
measurement to detect early cases of HCC. 

Albumin mRNA has also been investigat-
ed as a marker of predicting HCC recurrence. 
Cheung et al., investigated the role of plasma 
ALB mRNA detection in predicting HCC re-

currence after liver transplantation and reported 
that albumin mRNA levels demonstrated sig-
nificant association with the recurrence rate in 
HCC patients after liver transplantation whereas 
AFP mRNA revealed insignificant association. 
Because HCC recurrence is postulated to be due 
to release of circulating cancer cells from the tu-
mor, the authors further explained that the ab-
sence of detectable ALB mRNA in the plasma 
of the study participants indicated a lack of HCC 
cells in the circulation(4).

From the previous data, we can assume the 
usefulness of nucleic acid markers in differenti-
ating between benign and malignant pathological 
changes in different organs especially after the 
in growing development of the molecular tech-
niques with a better analytical sensitivity, faster 
turnaround time with a smaller sample size and 
more than one marker at a time. Albumin mRNA 
in our study had higher sensitivity than AFP in 
HCC detection however, its usefulness alone as 
an early marker of HCC without additional in-
vestigations, that will need more study on larger 
sample size.  

Ethical approval: Written informed consent 
was obtained from each of the participants after 
approving the study protocol by ethical commit-
tee of Ain Shams Faculty of Medicine.
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الحمض النووي الريبوزى الرسول لاللبومين : كداللة لالصابه بسرطان الكبد
في مرضى االلتهاب الكبدى الفيروسى سى

رامى سالم - حسام الدين محمد
يعد فيروس التهاب الكبد الوبائي (سي) أحد األسباب الرئيسية لالصابة بأمراض الكبد المزمنة. ويمكن للعدوى المزمنة 
 Albumin mRNA  بفيروس سي أن تؤدى الى االصابة بتليف الكبد أو سرطان الكبد . ويهدف البحث للتحقق من دور
كدالله على اصابة خاليا الكبد في مرضى التهاب الكبد الفيروسي المزمن سي و مرضى سرطان الكبد . وقد شملت الدراسة 
كعينة  األصحاء  األشخاص  من  و ۲٠  الكبد  بسرطان  المزمن سي، ٣٠ مريض  الفيروسي  الكبدي  باالتهاب  ٣٠ مريض 
 ALT بالتفاعل التسلسلي البلمري، ومقارنته بمستوى انزيم الكبد Albumin mRNA ضابطة. وقد قمنا بقياس مستوى
ومستوى داللة االورام AFP. وقد وجد ان مستوى Albumin mRNA في البالزما أعلى بكثير في مرضى سرطان الكبد 
مقارنة بمستواه في مرضى االلتهاب الكبدي المزمن سي واالشخاص االصحاء على حد السواء. وعلى الرغم من تناسب 
مستوى   Albumin mRNA     مع مستوى ALT تناسبا طرديا لم يختلف مستوى Albumin mRNA بين المصابين 
بالتهاب الكبدي المزمن سي واألشخاص األصحاء. كما تناسب مستوى Albumin mRNA  مع مستوى AFP ولكن بينما 
 Albumin mRNA في كال من مرضى االلتهاب الكبدي المزمن سي وسرطان الكبد، ازداد مستوى AFP ازداد مستوى
 AFP قد يعتبر وسيلة وداللة أفضل بكثير من Albumin mRNA في مرضى سرطان الكبد فقط. ولذلك فان قياس مستوى

للتفريق بين اصابة خاليا الكبد بالتهاب واصابتها بالسرطان.
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