Med. J. Cairo Univ., Vol. 86, No. 3, June: 1263-1270, 2018

www.medicaljournalofcairouniversity.net

Assesment of Human Mammaglobin (hMAG) as a New Marker for

Early Diagnosis of Breast Cancer

ZEINAB A. ABD EL-HAFEZ, M.D.*; MOHAMMED I. SEDDIK, M.D.*; KHALED M. RIZK, M.D.** and

YASMIN T. EL-GAMMAL, M.Sc.*

The Departments of Clinical Pathology, Faculty of Medicine* and Clinical Oncology, South Egypt Cancer Institute**,

Assiut University, Assiut, Egypt

Abstract

Background: Breast cancer may originate either from the
ducts, known as ductal carcinomas or from the lobules, known
as lobular carcinomas. There are many different types of
breast cancer, with different stages (spread), aggressiveness,
and genetic makeup. Breast cancer is the most frequent cancer
in women affecting approximately 6% of the females. It
constitutes almost 20% of all malignancies in women. In
Egypt, breast cancer affects 37.7% of all women and accounts
for 29.1% of their cancer-related mortality with a total of
6546 deaths.

Aim: The aim of this study is to study correlations between
hMAG level and different stages of breast cancer (TNM
staging) and to study correlations between hMAG as a new
marker and routine markers used in breast cancer (CA 15-3
& CEA).

Patients and Methods: This study was carried out on 80
Breast Cancer female patients their age ranged aged 25 to 65
years. Ten age matched healthy females served as controls.
Patients were referred from Assiut University Hospital, General
Surgery Department, and South Egypt Cancer Institute. Formal
consent was obtained from patients and controls. The study
was approved by Ethical Committee of Faculty of Medicine
Assiut University.

Results: None of the healthy females in control group
(groupl) had elevated mammaglobin level above the cut-off
value which was 41.49ng/ml. Elevated levels of mammaglobin
was detected in 65%, 75%, 90% and 100% of patients in
groups II, III, IV, and V respectively. There was a significant
positive correlation between Mammaglobin positivity with
CEA and CA 15-3 concentrations. The combination CA15-
3, CEA and mammaglobin resulted in the highest sensitivity
(97%), highest specificity (95%) and highest diagnostic
accuracy (96%).

Conclusion: Mammaglobin levels in peripheral blood
samples obtained from Egyptian female individuals with
breast cancer, are good markers for detection of breast cancer.
This marker can be used to aid in detection of metastasis as
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it is correlated with the clinical staging of the disease. A
combination of CA15-3, CEA and mammaglobin may be used
as a panel for diagnosis of metastasis among breast cancer
patients.
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Introduction

BREAST cancer is the most frequent cancer in
women affecting approximately 6% of all females.
It constitutes almost 20% of all malignancies in
women. Despite recent advances in early diagnostic
and treatment strategies, breast cancer is still a
leading cause of cancer-related deaths among wom-
en, with as many as 40% relapsing with metastatic
disease [1]. In Egypt, breast cancer affects 37.7%
of all women and accounts for 29.1 % of their
cancer-related mortality with a total of 6546 deaths
[2]. Breast cancer may originate either from the
ducts, known as ductal carcinomas, or from the
lobules, known as lobular carcinomas. There are
many different types of breast cancer, with different
stages (spread), aggressiveness, and genetic makeup
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Carcinoembryonic antigen (CEA) and Cancer
antigen 15-3 (CA 15-3) are commonly used markers
for breast cancer. However, they lack sensitivity
and specificity, are rarely elevated prior to gross
disease, and are not seen in many patients with
metastases. Many other biomarkers have been
suggested for detecting breast cancer in tissues,
peripheral blood and/or bone marrow including
human mammaglobin [4] . Cancer cells produce
CEA in large amounts, but it can also be found in
the blood of healthy people. It showed less sensi-
tivity than CA 15-3 in both early and advanced
breast cancer [5]. CA 15-3 Lacks sensitivity for
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early-stage disease combined with alack of spe-
cificity for the early diagnosis of breast cancer.
CA 15-3 concentrations are increased in 10% of
patients with stage | disease, 20% with stage I1
disease, 40% with stage 111 disease, and 75% with
stage 1V disease [6].

Human mammaglobin (hMAG) is a member of
the uteroglobin proteins family that has recently
been tested as a specific marker for breast cancer.
While low levels may be seen in normal breast
tissue, expression isincreased dramatically in
breast cancer. This promises to be a useful screen
for early detection of breast cancer, especially in
high risk individuals [7].

The aim of this study isto study correlations
between hMAG level and different stages of breast
cancer (TNM staging) and to study correlations
between hMAG as a new marker and routine mark-
ersused in breast cancer (CA 15-3 & CEA).

Patients and M ethods

This study included eighty breast cancer female
patients aged 25 to 65 years. Ten age-matched
females served as controls. Patients were referred
from Assiut University Hospital, General Surgery
Department, and South Egypt Cancer Institute over
aperiod of 1 year duration from January 2016 to
January 2017. Formal consent was obtained from
both patients and controls. The study was approved
by Ethical Committee of Faculty of Medicine,
Assiut University. Female patients with any other
type of malignant or benign tumors and those with
past history of chemotherapy or surgical treatment
of cancer, were excluded from the study.

Staging of Breast cancer patients was done
according to the American Joint Committee of
Cancer (AJCC) staging system and the TNM stag-
ing system [g].

Patients and controls were grouped as follows:

Group 1: Included 10 controls.

Group 2: Included 20 patients with stage | breast
cancer.

Group 3: Included 20 patients with stage Il breast
cancer.

Group 4: Included 20 patients with Stage 111 breast
cancer.

Group 5: Included 20 patients with stage 1V breast
cancer.

Sample collection, storage, and handling:

A total of eight ml of venous blood were col-
lected; two ml into EDTA containing tube for
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complete blood count, two ml into sodium citrate
containing tube for prothrombin time and concen-
tration, and Four ml into plain tube without anti-
coagulant.

Blood was alowed to clot for 15 minutes at
37°C and serum was separated by centrifugation
at 3000rpm for 10 minutes. Collected serum was
inspected to ensure it was clear and non-hemolyzed
or lipaemic and then divided into three aliquots;
one for kidney functions, random blood sugar, and
liver functions, another for CEA and CA-15-3, and
the third was stored at —20°C until assay of Human
Mammaglobin level was performed.

Routine investigations:

Random blood sugar, serum urea, serum creat-
inine, liver functions were done on Dimension®
RxL Max® Integrated Chemistry System-Siemens.
Prothrombin time and concentration were done on
Sysmex CA-1500 System-Siemens [9] . Complete
blood count was done on CELL-DY N 3700-Abbott.

Soecial investigations:

Quantitative measurement of Carcinoembryonic
Antigen and the cancer antigen 15-3 levelsin serum
was done using solid-phase, chemiluminescent
immunometric assay on IMMULITE 1000 analyzer
(Siemens Medical Solutions Diagnostic Limited,
UK). Normal range for the CEA is 0.11-5.09ng/ml
(Cat. no. 363238) and for the CA 15-3is6.4-58
IU/ml (Cat. no. 249755).

Measurement of human mammaglobin level:

Thiswas done by ELISA technique and read
on Stat-Fax 303 plus. (Cat. no.: A0220).

[- Test principle:

Purified human mammaglobin is allowed to
coat microtiter plate and make solid phase antibody.
Samples or standards are added to wells with a
labeled antibody specific to mammaglobin, then
labeled HRP is added to the wells. After washing
completely, TMB substrate solution is added. TMB
substrate becomes blue color in wells that contain
antibody-antigen-enzyme-antibody complex. Re-
action isterminated by the addition of a solution
and the color change measured at a wavel ength of
450nm. The concentration of mammaglobin in the
samplesis then determined by comparing the optic
density of the samplesto the standard curve.

[1- Preparation of samples:
Samples were diluted 1:5 in sample dilution

buffer before use (40 gsample dilution +10 =&

testing sample).
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[11- Test procedure:

All reagent and samples were stored at room
temperature (1 5-30° C) and mixed well.

1- Standard was diluted to make seria dilutions.

Tube 0 1 2 3 4 5
ug/l 320 160 80 40 20 10

2- Fifty pweme added to wells from both standard
and testing samples.

3- The plate was covered by adhesive strip and
incubated at 37° C for 30mins.

4- Wash solution was diluted 20 folds with distilled
water.

5- Washing: the adhesive strip was removed, fluid
discarded and washing buffer was added to each
well for 30 seconds and repeated 5 times.

6- Fifty m-of#®RP-Conjugate reagent was added
to each well except the blank well.

7- The plate was covered by adhesive strip and
incubated at 37° C for 30 mins.

8- The adhesive strip was removed, fluid discarded
and washing buffer was added to each well for
30 seconds and repeated 5 times.

9- Fifty pofmhromogen solution A and B was
added to each well for 15 minsat 37°C and
light was avoided.

10- Fifty m-of#he stop solution was added to each
well to stop the reaction (the blue color was
changed to yellow colar).

Satistical analysis:

The data were tested for normality using the
Anderson-Darling test and for homogeneity vari-
ances prior to further statistical analysis. Categorical
variables were described by number and percent
(N, %), where continuous variables described by
mean and standard deviation (Mean, SD). Chi-
sqguare and fisher exact tests used to compare
between categorical variables where compare be-
tween continuous variables by unpaired t-test.
Pearson correlation coefficient used to assess the
association between continuous variables. A two-
tailed p<0.05 was considered statistically signifi-
cant. All analyses were performed with the IBM
SPSS 20.0 software.

Results

1- Carcinoembryonic Antigen (CEA) levels:

In groupl, CEA level ranged from 1.60-4.50
ng/ml (mean + SE=3.18+0.29ng/ml) with cut-off
5.07ng/ml. In group 2, CEA level ranged from
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1.50-15.50 ng/ml (mean * SE =4.46+0.86ng/ml).
Sensitivity was 25% and specificity was 100%
with cut-off at 5.07ng/ml. In group 3, CEA level

ranged from 1.20-14.40 ng/ml (mean * SE=4.52
+0.67ng/ml). Sensitivity was 30% and specificity
was 100% with cut-off at 5.07ng/ml. In group 4,

CEA level ranged from 2.60-55.30ng/ml (mean *
SE=10.66+2.56ng/ml). Sensitivity was 75% and
specificity was 100% with cut-off at 5.07ng/ml.

In group 5, CEA level ranged from 2.30—22.40ng
/ml (mean = SE=11.48+5.49ng/ml). Sensitivity
was 100% and specificity was 75% with cut-off at
5.07ng/ml. The number and percentage of cases
with normal (<cut off) and high (>cut off) level of
CEA in different studied groups are shown in Table
(D).

Table (1): The number and percentage of cases with normal

(<cut off) and high (>cut off) level of CEA in
different studied groups.

Normal High

Groups
No. % No. %

Group 1 (N=10) 10 100 0 0

Group 2 (N=20) 15 75.0 5 25.0
Group 3 (N=20) 16 80.0 4 20.0
Group 4 (N=20) 5 25.0 15 75.0
Group 5 (N=20) 5 25.0 15 75.0

No.: Number.

110
100

% of cases
=N WD O N ®©
o568 8853338838

Group 1 Group 2 Group 3 Group 4 Group 5
Normal High

Fig. (1): The percentage of cases with normal (< cut off) and
high (> cut off) values of CEA in different studied
groups.

2- Carcinoma Antigen 1 5-3 (CA 1 5-3) levels:

Ingroup 1, CA15-3 level ranged from 7.90-
30.01U/ml (mean * SE (15.33£2.331U/ml) with
cut-off at 30.091U/ml. In group 2, CA15-3 level
ranged from 17.3-66.01U/ml (mean £ SE =43.63+
3.14 1U/ml). Sengitivity was 50.0% and specificity
was 95% with cut-off at 30.091U/ml. In group 3,
CA15-3 level ranged from 33.8-84.21U/ml (mean
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* SE =54.58+3.331U/ml). Sensitivity was 65% and
specificity was 95% with cut-off at 30.091U/ml.
In group 4, CA15-3 level ranged from 33.0-182.0
IU/ml (mean + SE= 86.35+11.66 IU/ml. Sensitivity
was 85% and specificity was 95% with cut-off at
30.09 IU/ml. In group 5, CA15-3 level ranged from
30.0-166.0 IU/ml (mean £ SE=74.83+10.46 IU/ml.
Sensitivity was 95% and specificity was 98% with
cut-off at 30.09 IU/ml. The number and percentage
of cases with normal (<cut off) and high (>cut off)
values of CA15-3 in different studied groups are
shown in Table (2).

Table (2): Number and percentage of cases with normal (Scut
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88.4ng/ml (mean £ SE=65.15%15.24ng/ml. Sensi-
tivity was 90% and specificity was 98% with cut-
off at 41.49ng/ml. In group 5, hMAG level ranged
from 54.8-110.3ng/ml (mean £ SE=87.01+16.44ng
/ml. Sensitivity was 100% and specificity was
100.0% with cut-off at 41.49ng/ml. The number
and percentage of cases with normal (<cut off) and
high (>cut off) values of hMAG in different studied
groups are shown in Table (3).

Table (3): Number and percentage of cases with normal ( <cut
off) and high (> cut off) values of h(MAG in different
studied groups.

off) and high (> cut off) levels of CA15-3 in different Groups Normal High
studied groups. No. % No. %
Groups Normal High Group 1 (N=10) 10 100.0 0 0.0
No. % No. % Group 2 (N=20) 7 35.0 13 65.0
Group 1 (N=10) 10 100.00 0 0.0 Group 3 (N=20) > 25.0 15 75:0
Group 2 (N=20) 10 50.0 10 50.0 Group 4 (N=20) 2 10.0 13 90.0
Group 3 (N=20) 7 35.0 13 65.0 Group 5 (N=20) 0 0 20 100.0
Group 4 (N=20) 3 15.0 17 85.0 ,
h . No. N .
Group 5 (N=20) 1 5.0 19 950  Chisquaretest No.:Number
No.: Number.
110
110 100
100 90
90 80
80 § 70
» 70 g 60
% 60 B 50
5 50 = 40
=X 40 30
30 20
20 10
10 0

Group 1 Group 2 Group 3 Group 4 Group 5

Normal High

Fig. (2): Percentage of cases with normal ( < cut off) and high
(> cut off) values of CA 15-3 in different studied
groups.

3- Human Mammaglobin (hMAG) levels:

In group 1, hMAG level ranged from 25.3-38.4
ng/ml (mean £ SE=31.57+ 1.56ng/ml with cut-off
at 41.49 ng/ml. In group 2, hAMAG level ranged
from 25.0-47.8ng/ml with mean * SE=33.07+
1.30ng/ml. Sensitivity was 65.0% and specificity
was 90.0% with cut-off at 41.49ng/ml. In group 3,
hMAG level ranged from 27.3-58.4 ng/ml (mean+
SE=42.73+10.39ng/ml. Sensitivity was 75.0% and
specificity was 95.0% with cut-off at 41.49ng/ml.
In group 4, hMAG level ranged from 34.7-

Group 1 Group 2 Group 3 Group 4 Group 5

Normal High

Fig. (3): Percentage of cases with normal (< cut off) and high
(> cut off) values of hMAG in different studied
groups.

Correlation between CEA and Mammaglobin
levels:

There is a significant positive correlation be-
tween CEA and Mammaglobin (7=0.301 and
p<0.05).

Table (4): Correlation between CEA and Mammaglobin.

Test r-value p-value

CEA & Mammaglobin 0.301 0.007**

Pearson correlation.
** Moderate statistical significant difference (»p=0.001).
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Fig. (4): Correlation coefficients between CEA and Mamma-
globin levels.

Correlation coefficients between CA15-3 and
Mammaglobin levels:

There is a significant positive correlation be-
tween CA15-3 and Mammaglobin (7=0.313 and
p<0.05).

Table (5): Correlation between CA 15-3 and Mammaglobin.

Test r-value p-value
CA 15-3 & Mammaglobin 0.313 0.003%**
Pearson correlation.
** Moderate statistical significant difference (p=0.001).
200
150
™
T}
< 100
@)
50
0
20 40 60 80 100 120

hMAG

Fig. (5): Correlation coefficients between CA15-3 and Mam-
maglobin levels.

Sensiti vity and specificity of CA15-3, CEA and
Mammaglobin in all patients groups: Table (6)

The combination of tumor markers is considered
positive if any one of the markers level is above
the cut off value. On the other hand, the combina-
tion of tumor markers is considered negative only
if all the markers were below or equal the cut off
value.
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Table (6): Sensitivity, specificity and diagnostic accuracy of
the markers in all patients groups.

Items Sens. Spec. DA
CA 15-3+CEA 94 95 94
CA 15-3+Mammaglobin 95 95 95
CEA+Mammaglobin 72.1 100 74
CA 15-3+CEA+Mammaglobin 97.0 95 96

Sens: Sensitivity. Spec: Specificity. DA: Diagnostic accuracy.

Discussion

Breast cancer is the most frequent cancer in
women. Its incidence is high and constantly in-
creasing. It constitutes almost 20% of all malig-
nancies in women. Despite recent advances in early
diagnostics and treatment strategies, breast cancer
is still a leading cause of cancer-related death
among women, with as many as 40% relapsing
with metastatic disease [1].

Mammaglobin, known as a specific marker for
mammary tissue, has been considered a promising
diagnostic marker in breast cancer for almost 10
years. In particular, the application of mammaglobin
techniques to detect disseminated breast cancer
cells has been reported. Much work has evaluated
the detection of mammaglobin in lymph nodes,
blood, and bone marrow aspirate of breast cancer
patients. Structural details about the mammaglobin
complex have also been discovered, and these
findings can be used to optimize detection of the
secreted protein. The peculiarity of hMAG lies in
its almost sole existence in mammary tissue and
mammary carcinoma. In addition, its high expres-
sion in carcinomas and its association with tumor
grades renders it an excellent marker for diagnosis
and prognosis [7].

This study was performed on ninty females
divided into 5 groups: 10 healthy females as a
control group (group 1), 20 patients with stage 1
cancer (group 2), 20 patients with stage II cancer
(group 3), 20 patients with stage III cancer (group
4) and 20 patients with stage IV cancer (group 5).

In the current study, none of the healthy females
in the control group (group 1) had elevated CEA
above the cut-off value which was 5.07ng/ml, while
elevated levels of CEA were detected in 25%, 20%,
75%, and 75% of patients in groups 2,3,4, and 5
respectively. These results are consistent with those
reported by Fiorella et al., [10] and Amr et al., [11],
who found elevated CEA levels 16, 22% and 67.5%
of patients with stage I, II and [Vcancer respec-
tively. However, in patients with stage I1I cancer,
elevated CEA levels were found in 37.3% patients
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only (cut-off value was 5ng/ml). On the other hand,
our results are inconsistent with those reported
Gao et al., [12], who found that CEA was elevated
in 4.7%, 3.5%, 2%, and 38% of patients with stage
I, 11, 111, and 1V cancer respectively. This can be
explained by the fact that CEA can also be elevated
in some non-cancerous diseases, like cirrhosis,
chronic kidney disease, chronic obstructive pulmo-
nary disease (COPD), rheumatoid arthritis, and in
otherwise healthy smokers [13].

Similarly, none of the healthy femalesin the
control group (group 1) (0.0%) had elevated CA 15-
3 level above the cut-off value which was 30.091U/
ml, while elevated levels of CA 15-3 were detected
in 50, 65%, 85%, and 95% of patientsin groups
2,3,4, and 5 respectively. Thisis consistent with
the findings of Park et al., [14] and Nasizadeh [15].
who carried out aresearch on serum CA15-3in
different stages of breast cancer. On the contrary,
Dai et al., [16] found that CA15-3 was €levated in
7.7%, 20.6%, 35.7% and 63.5% of patients with
stagel, I1, 111, 1V breast cancer respectively, (Cut
off: 21.8U/ml). This can be explained by the fact
that increased concentrations of CA 15-3 may be
elevated in patients with benign ovarian cysts,
benign breast disease, and benign liver disease.
Elevations may also be seen in cirrhosis, sarcoidosis
and lupus [17].

Elevated mammaglobin level above the cut-off
value 41.49ng/ml, were not detected in the patients
of the control group, while it was found in 65%,
75%, 90, and 100% of patients with stagel, 11, 1lI,
and 1V breast cancer respectively. These results
are consistent with those reported by Lee et al.,
[18], who detected evaluated mammaglobin mMRNA
in 23.4%, 35.8%, 65%, and 82.5% of patients with
stagel, Il, 111, and IV cancer respectively. Contrary
to these findings, Galvis-Jiménez [19] reported no
correlation between levels of mammaglobin and
clinical stage of the disease. This may be due to
that the study was conducted on patientsin early
stages only and on small number of patients.

Results showed that there was a significant
positive correlation between mammaglobin posi-
tivity and CEA and CA 15-3 concentrations. Dalia
et a., [20], compared mammaglobin positivity with
CEA and CA 15-3 concentrations, and found sta-
tistically significant correlation with CEA, and not
with CA15-3 levels. Contrary to these results, El
Attar et al., [21], studied 40 Egyptian females with
primary breast cancer., and found no correlation
between mammaglobin levels and both CEA and
CA15-3. Thiswas explained by Antonellaet al.,
[22], who reported that higher levels of CA 15-3
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and CEA are correlated with alarger tumor burden
and a more advanced disease. The serum levels of
CA 15-3 and CEA increase as cancer develops. In
metastatic breast cancer, the highest levels of CA
15-3 and CEA are often seen when the cancer has
spread to the bones and/or to the liver. Also, mam-
maglobin islimited to the mammary gland. A
correl ation between increased expression of mam-
maglobin and breast cancer was reported. Mam-
maglobin is present in high levelsin metastatic
breast cancer and primary breast cancers as com-
pared to non-malignant breast tissue [23].

Our results showed that the combination CA15-
3, CEA and mammaglobin resulted in the highest
sensitivity (97%), the highest specificity (95%)
and the highest diagnostic accuracy (96%).

It can be concluded that mammaglobin levels
in peripheral blood samples obtained from Egyptian
female individuals with breast cancer, are good
markers for detection of breast cancer. This marker
can be used to aid in detection of metastasis as it
is correlated with the clinical staging of the disease.
A combination of CA15-3, CEA and mammaglobin
may be used as a panel for diagnosis of metastasis
among breast cancer patients.
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