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ABSTRACT

Objectives: To assess the possible role of activated leukocyte cell adhesion
molecule (ALCAM) in the diagnosis of a tumor with the evaluation of its
importance in differentiating between benign and malignant tumors in
comparison with the classical tumor markers for breast carcinoma, CEA and
CA15-3.

Methods: A case-control research has been achieved at Al-Nahrain University,
in the Department of Chemistry and Biochemistry, College of Medicine,
Baghdad, Iraq. This work has been done for 60 female patients with the cancer
of the breast and 60 female patients with benign breast tumors who were
recruited from Al Imamain Al-Kadhimayn medical city and Oncology teaching
Hospital, Baghdad between May 2018 and December 2018. The ALCAM, CEA,
and CA15-3 levels have been calculated from sera of women with either
malignant or benign breast tumors and compared to the age of 75, BMI, and sex-
matched control subjects.

Results: The levels of ALCAM in the patients with benign and malignant tumors
were 85.87+12.38, 91.14£9.74 pg/mL; respectively, and significantly higher
(p<0.05) than that of controls (80.1+12.91 pg/mL). CA15-3 levels exhibited
significant (p<0.05) increase in cancerous patients in comparison with controls
(29.21+£9.96, 22.74 +8.67; respectively) whereas CEA levels showed nog
significant differences among the studied groups. Levels of ALCAM were
positively and significantly correlated with levels of CA15-3 in the patients with
malignant tumors while CEA showed no correlations with other parameters.
Analysis of ROC (Receiver Operating Characteristic) showed that ALCAM can be
considered as an excellent marker for diagnosis of the differentiation between
malignant and benign breast tumor and excellent marker for the diagnosis of
the cancer of the breast in comparison with controls, whereas CEA, CA15-3 and
there combinations.

Conclusion: The possibility of using ALCAM in the diagnosis of breast cancer
and differentiating between malignant and benign tumors.

INTRODUCTION

The cancer of the breast is considered as one of the most
common women cancers globally, accounting for about
570,000 deaths in the year 2015. More than 1,500,000
women (25% of the women with cancers) were diagnosed
with the cancer of breast annually in the global [1]. In the
USA, it is estimated that in 2017 about 30% of all new
cases of cancers (252,710) among women were the cancer
of the breast [2]. The cancer of the breast is one of the
metastatic cancers and can usually transfer to distant
organs like the liver, bone, brain, and lung, which generally
accounts for its incurableness. For this reason, it becomes
important to diagnose the tumor in an early stage which is
performed by tumor markers evolved previously [3].
Tumor biomarker is defined as a molecule, which is
produced in response to the tumor or by the tumor.
Biomarkers can be detected from any tissue in the body
including the breast. They may have prognostic,
diagnostic, and/or predictive values. The currently used
serological breast cancer markers include CEA
(carcinoembryonic antigen) and carbohydrate antigen 15-
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3 (CA 15-3) [4]. Briefly, serum assays of BR 27.29 and CA
15-3 (also called CA 27.29) detected the same antigen, for
example, the protein of MUC-1 and provided similar
clinical data. However, CA 15-3 had more widely tested
than BR 27.29. Levels of CEA and CA 15-3 in the serum
were associated with the size of the tumor and nodal
involvement and were advised by international bodies like
ASCO (American Society of Clinical Oncology) to monitor
the patients with metastatic diseases through efficient
treatment [5].

However, these markers were advised to be employed in
conjunction with diagnostic imaging, physical, and
historical examination. Generally, levels of the serum
marker reflect the burden of the tumor and for this reason,
these markers aren’t sensitive enough to be employed for
early diagnosis and screening the primary cancer of the
breast [6]. So, new biomarkers with higher sensitivity
were involved such as molecules of activated leukocyte
cell adhesion (ALCAMs).

Also, ALCAMS called MEMD or CD 166, it is considered as
a member of the super-family of immunoglobulin with 5
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extracellular immunoglobulin-like domains, which assists
cell-cell clustering during heterophilic interactions
(ALCAM- CD 6) and homophilic interactions (ALCAM-
ALCAM) [7]. Its role has been implicated in the genesis of
cancer. ALCAM is expressed mostly in tissues involved in
active growth or migration. A recent sign proposes that
ALCAM expression maybe reflect the attack of a cellular
program for homeostatic control of saturation of growth,
which enhances either migration of cells or arrest of
growth. Recently conducted studies have found that
ALCAM can represent a potential biomarker for the
diagnosis of the cancer of the breast [8].

This research has been aimed to calculate the levels of
ALCAM as a new biomarker in addition to CA15-3 and CEA
which are considered as routine tumor markers for the
breast in women with benign and malignant tumors and
the results obtained have been compared as the control.

Method

Case-Control research has been done on 60 female
patients with the cancer of the breast and 60 female
patients with benign breast tumors who were recruited
from Al Imamain Al-Kadhemayn medical city and
Oncology teaching Hospital, Baghdad, Iraq between May
2018 and December 2018. Ages of the malignant group
ranged between 30 and 48 years (mean+ SD of 42.83+4.27
years) and benign group’s ages were ranged between 27
and 44 years (mean+ SD of 41.73+5.09 years). The group
of control comprised 75 age, BMI, and sex-matched
healthy females with meanz SD age of 41.32+4.77 years.
The practical part of the study was conducted at the
Department of Chemistry and Biochemistry and
Department of Pathology, College of Medicine, Al-Nahrain
University, Baghdad, Iraq.

In the current research, women were eligible for this study
if they had a suspicious breast lesion (newly diagnosed)
which was recorded by clinical breast examination and/or
imaging technology. Patients were subjected to physical
breast examination and mammography.

Exclusion criteria

1. Subjects that had a history of any kind of cancer.

2. Subjects that had a history of any chronic or serious
diseases.

3. Patients received hormonal treatment or
chemotherapy.

The research has approved by the local Ethical Committee
of the College of Medicine, University of Al-Nahrain,
Baghdad, Iraq. Additionally, informed written consent for
participation in this research was signed by tested
subjects depending on the principles of Helsinki.

Blood samples

About 5ml of samples of blood has been obtained from
fasting patients and controls. These samples have been
transferred to serum separating tubes (SST) and left for
clotting at room temperature for 30 minutes then have
been centrifuged at 4000 rpm (1252 x) g for 10 minutes.
The separated sera were divided into small aliquots and
stored at -20 °C until assayed for CEA evaluation, CA15-3,
and ALCAM. Levels of serum CEA, CA15-3, and ALCAM
were estimated by enzyme-linked immunosorbent assays
(ELISAs) with kits obtained from the Elabscience (China),
Cell Biolabs (USA) and RayBiotech Inc. (USA); respectively
according to the manufacturer instructions.

Statistical analysis
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The obtained results in the current work have been
expressed as mean+Standard Deviation, and statistical
comparisons have been used with an independent t-test to
compare 2 independent groups (controls and patients).
Test of ANOVA (Analysis of variance) for comparison
among more than two groups by the test of Tukey HSD
Post-Hoc for assessing the significant differences between
the studied sub-groups; statistically considered p <0.05 as
significant. Correlations among all the studied parameters
have been investigated using the Pearson correlation test.
However, all the statistical analyses used in the current
work have been achieved by IBM SPSS Statistics for
Windows system, Ver.24 (IBM, NY: Corp Armonk,) [9]. The
normality of the distribution has been checked by the tests
of Kolmogorov- Smirnov, and Shapiro-Wilk.

However, analyses of ROC (Receiver operating
characteristic) have been completed as a comprehensive
method for determining the accuracy of the markers
employed in the current study. An analysis of ROC, AUC
(the area under the curve) can be considered as a powerful
statistical tool to compare various bio-markers given the
value of AUC that becomes closer to one referee that
parameters can be considered as predictive biomarkers
and excellent diagnostic, the curve obtained in this
statistical test maybe indicate the significance of the
marker. So, the parameter’s curve that lies close to the
diagonal (AUC =0.5) indicates no diagnostic significance.
The value of AUC that is closer to 1 is usually coupled with
specificity and sensitivity satisfactory values [10].

Results

The levels of CEA, CA15-3, and ALCAM were compared
between patients with benign and malignant tumors in
comparison with age-matched control subjects. Results
illustrated in the table (2) revealed that there were non-
significant differences in the levels of CA15-3 between
females suffered from benign breast tumor and control
(p= 0.08) and also between patients with benign and
malignant breast tumor (p=0.08). On the other hand, a
significant increase (p<0.001) in the level of CA15-3 in
patients with malignant tumors was observed in a
comparison with control subjects. Furthermore, the
ANOVA test revealed that there was a significant
difference (p<0.001) among all studied groups.
Furthermore, CEA levels exhibited non-significant
differences (p>0.05) among all studied groups. Slightly
non-significant increases in the level of CEA were
observed in benign and malignant patients in comparison
with healthy controls.

Moreover, there were significant increases in ALCAM
levels in both patients with benign and malignant breast
tumors in comparison with controls (p=0.015, p<0.001;
respectively). Additionally, there was a significant
increase (p=0.044) in the ALCAM level in patients with
malignant tumors when compared with benign ones.
Furthermore, the ANOVA test revealed that ALCAM levels
showed significant variations (p<0.001) among all the
studied groups.
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Table 1. Demographic characteristics of the patients with
a malignant and benign tumor in comparison with

with control

controls.
Control brelzl(;:l illgllrlnor Mali%zil:(frbrea“
n 75 60 60
Age 41.32+4.77 | 41.73%£5.09 42.83+4.27
wifl;vcz:)lrl::rol 0.13 0.57
Weight 70.28£9.06 | 69.82+£8.93 73.37£9.87
Height 160.15+14.73| 159.42+13.6 159.7+14.55
BMI 27.63+5.04 | 28.13+£5.22 28.53+5.34
P-value 0.61 0.47

Results obtained in the present study clarified that there
were non-significant correlations between all studied
markers among healthy controls and patients with benign
breast tumors whereas results illustrated in the table (3)
and figure (1) revealed that there was a significant positive
correlation between CA 15-3 and ALCAM.

Table 2. CA15-3, CEA, and ALCAM levels in controls,
patients with benign and malignant breast tumors.

Group

meantsh

Contral
=75

1744847

n=60

Benign tumr

25812667

0.08 <001

CA 1S-3 (U ml)

n=60

Malignant Tuzor

2521956

0.08 <0001

Contral
1=75

142403

n=60

Benign tumor

1532041

032 008

CEA [(ng/monl})

n=60

Malignant Tuzor

13904

07 007

Contral
1=75

f011291

n=60

Benign tumr

8871038

00is | <000t

A TS T
(pe/mal}

n=60

Malignant Tumor

OL1HT4

004 | <0001

Pa value between patients with benign tumor and control.
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Pb value between patients with malignant tumor and
control P¢ value between patients with benign tumor and
patients with a malignant tumor Pd value among all
studied group (ANOVA test)

Table 3. Correlations between the levels of all studied
biochemical parameters among patients with malignant

tumors.
CEA CA153 ALCAM
R 1 0.166 0.182
CEA

P 0.205 0.165

R 0.166 1 0.669*
CA153

P 0.205 <0.001

R 0.182 0.669* 1
ALCAM

P 0.165 <0.001

o
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x‘bfﬂ_
000 T

00 88 17 265 353 441 530

CA 153 (Ulm)

Figure 1. Correlation between CA15-3 and ALCAM in
malignant tumor group.

ROC curve results illustrated in table (4) revealed that CEA
and CA 15-3 and also the combination between them had
a low AUC, sensitivity and specificity values Whereas
ALCAM showed higher AUC values with acceptable
sensitivity and specificity in patients with a malignant
tumor when compared with benign ones as illustrated in
figure (2). Interestingly, Combining CA15-3 and ALCAM
showed a slight improvement in AUC and a decrease in
sensitivity with a valuable increase in specificity when
compared with ALCAM alone as shown in figure (2).
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Table 4. ROC curve results for all studied parameters in
the patients with malignant breast tumor comparing with
benign breast tumor patients

Sensitivity | Specificity
Parameters AUC (%) (%)

CEA 0.555 48.3 60
CA153 0.582 63.3 51.7
ALCAM 0.842 76.7 63.7

Combining CEA
and CA15-3 0.589 56.7 60
Combining CEA
and ALCAM 0.842 70 90
Combining
CA15-3 and 0.846 73.3 80
ALCAM
ROC Curve
' rl-‘4 Source of the
Curve
- |—cea
—CA153
ALCAM2
0.8 —CEA_CA15_3
CEA_ALCAM
——CA15_3_ALCAM

Reference Ling

=
=3
I

Sensitivity

0.4+

0.0 T T T T
0o 02 04 06 0& 10

1 - Specificity

Figure 2. ROC curve for CEA, CA15-3, ALCAM, and their
combinations in patients with malignant tumors
compared with benign ones.

Results obtained in table (5) revealed that AUC, specificity,
and sensitivity of CEA, CA 15-3, and a combination of both
were low while ALCAM showed high AUC values with
excellent sensitivity (figure 3). Moreover, the results
obtained from the combinations between all subjected
parameters showed that the combination between ALCAM
and either of CEA or CA 15-3 did not affect the ROC curve
results significantly

85 Systematic Reviews in Pharmacy

Table 5. ROC curve results for all studied parameters in
the patients with malignant breast tumor comparing with

controls
Sensitivity | Specificity
Parameters AUC (%) (%)
CEA 0.613 58.3 58.7
CA153 0.714 75 53.3
ALCAM 0.968 91.7 85.3
Combining CEA
and CA15-3 0.7 55 84
Combining CEA
and ALCAM 0.968 91.7 85.3
Combining
CA15-3 and 0.971 91.7 84
ALCAM
ROC Curve
10
’—‘J Source of the
Curve
— CEA
—CA153
ALCAM
057 — CEA_CA15.3
CEA_ALCAM
——CA153_ALCAM
Reference Line
z 06
2
B
c
[}
n
0.4
0.2
10+ T T ] T

00 02 04 0§ 08 10
1 - Specificity

Figure 3. ROC curve for CEA, CA15-3, ALCAM, and their
combinations in patients with malignant tumors
compared with controls.

Discussion

Breast cancer is one of the heterogeneous diseases with
widespread molecular, histological, and clinical
presentations. Deplorably, other than definitive diagnosis
using histopathology and biopsy, no screening or
diagnostic test is currently adequate for early detection of
the cancer of the breast [11]. The capability for detection
of human malignancy by a simple method to test blood has
long been a main objective in the medical screening.

CEA and CA15-3 discovered more than four and two
decades ago, respectively, are the most generally
employed markers of the tumor for the cancer of the
breast [12,13]. Levels of CA15-3 and CEA in the serum are
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advised to monitor the treatment of advanced breast
cancer [11]. Nevertheless, these biomarkers of cancer
have proven to be ineffective in detecting the early stages
of the disease because of low diagnostic specificity and
sensitivity [6,14-17]. These findings confirmed by the
results obtained by the current study in which non-
significant differences were obtained between patients
with benign tumor and control in agreement with results
obtained previously [18] and also between patients with
malignant and benign tumors which is in agreement with
results obtained by Fu and li in 2016 [19].

Results obtained in this study revealed that CEA and CA15-
3 were non-significantly correlated in all studied groups
that are also consistent with Fu and li results that indicate
a non-significant correlation between these markers and
the stage of the tumor [19]. Furthermore, the low
sensitivity and specificity obtained by ROC curve results in
this study were in agreement with many previous studies
stated that “Because CEA lacks disease sensitivity and
specificity, it cannot be used for screening the general
asymptomatic population” he also stated that CA15-3 has
low sensitivity and study conducted by Wang and his
colleagues who found that CEA, CA15-3, and combination
of these two markers sensitivity for a malignant tumor in
comparison with controls were 56.7%, 44.5%, and 68.9%);
respectively, whereas in the current study the sensitivity
of CEA, CA15-3, and combination of them was 58.3, 75 %
and 55%; respectively [17,20].

Additionally, levels of CA15-3 and CEA showed to be non-
useful parameters for differentiation between malignant
and benign tumor patients as they showed non-significant
differences (table 2) beside the low sensitivity and
specificity of these two parameters between these two
subgroups (table 4). The possible explanation of the poor
deferential ability of CA15-3 may be owned to the fact that
it can be raised in benign breast tumor as well as
malignant which make it difficult to be used as a
deferential tool as mentioned previously in many studies
[19-22]. Moreover, Zhao and his co-workers found non-
significant differences in CEA level in nipple discharge of
patients with a benign and malignant tumor that confirm
results obtained in this study given that the measurement
of local CEA levels can be considered as more predictor of
breast tumor than systemic measurements used in this
study [22].

However, results obtained in this research revealed that
there were significant increases in levels of CA 15-3 in
women with the cancer of the breast in comparison with
controls that agree with several last studies [18,23].

In this study, levels of ALCAM were significantly increased
in benign patients in comparison with healthy volunteers,
and results obtained revealed that there was a significant
elevation in the malignant group compared with benign
one as illustrated in the table (2). The results obtained in
the current study were in agreement with several previous
studies which demonstrated a significant elevation in the
levels of ALCAM in cancer patients when compared with
healthy volunteers [7,8,24]. There was no previous
research that targeted ALCAM levels in women with
benign mass but results of some previous studies revealed
that ALCAM levels may increase in some benign tumors
other than breast tumors [25,26] but this increment still
significantly lower than that in malignant patients as
demonstrated in the current work which is owned to the
possible role of ALCAM in metastasis. ALCAM showed to
be widely expressed in tissues but restricted to particular
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subsets of cells that have a role in migration processes and
the dynamic growth [27,28].

According to previous literature, ALCAM levels considered
as a controversial parameter given that some studies
reported that high level reflects a good prognostic value
while others conclude an opposite finding [7,8,29,30].
These controversial findings might be probably caused by
the variation in ALCAM function per the type of cell and the
micro-environment that surround cancerous cells. The
possible explanation of the elevated level of ALCAM in
tumorigenesis is the role of sheddases metalloproteinase
(ADAM-17) that increases in cancerous tissues which in
turn participate in the shedding of ALCAM (considered as
a substrate for it) from the site of the tumor into the
circulation [31-34].

ROC curve results obtained in the current study confirm
the previously mentioned significant increase in ALCAM
levels in malignant patients sera in comparison with
controls, given that AUC was high with excellent sensitivity
and good specificity (0.968, 91.7%, 85.7%; respectively).
Furthermore, ALCAM levels also showed good AUC with
acceptable sensitivity and specificity in women with
malignant breast tumors in comparison with benign
groups which are agreed with several previous works
[7,24,35]. Moreover, a combination between either CEA or
CA15-3 with ALCAM showed no valuable improvement in
sensitivity and specificity when compared with ALCAM
alone in agreement with other previous researches [25].
Biochemical markers subjected to the present study in this
group showed correlations manner different from those
obtained in the benign group. The newly emerged
biomarker studied in this study namely ALCAM showed
significant positive correlations with CA15-3 as indicated
in the table (3).

There were conflicting studies that either in the agreement
or not consistent with results obtained by the current
study in which Kulasingam et al., 2009 denoted that there
was a weak correlation between CA15-3 and ALCAM while
Al-Shehri and EL Azeem, 2015 demonstrated a correlation
between CA15-3 and ALCAM since they highly elevated in
women with the cancer of breast compared with controls.

Conclusion

ALCAM levels in the patients with benign and malignant
tumors have been significantly higher than those in the
controls that may be used as a new sensitive marker to
detect breast tumors in addition to its ability in
differentiation between benign and malignant tumors as it
increased significantly in the cancerous group in
comparison with women having benign masses. The data
obtained support the assumption that ALCAM can be
considered an important tumor marker superior to the
classical markers CEA and CA15-3.
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