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Abstract – Objective: Multiple variables affect the probability of development of cancer. The present study aimed to screen Egyptian females for early prognostic cancer markers such as carcinoembryonic antigen (CEA), the soluble form of transmembrane mucin protein (CA15-3), MUC1 and important
sex hormones (Progesteron, Oestrogen, and Prolactin) and three germline BRCA1/2 founder mutations.
Patients and Methods: Forty-five DNA samples were screened for 185delAG and 5382insC in
the BRCA1 and 6174delT in the BRCA2 genes using polymerase chain reaction (PCR)-directed mutagenesis. Each sample of the 185delAG and the 6174delT mutations was confirmed using Restriction Fragment Length Polymorphism (RFLP) analysis. Nine suspected PCR products of 185delAG and
the forty-five amplicons of 6174delT mutations were further confirmed using Sanger sequencing.
Sex hormones (Progesteron, Oestrogen, and Prolactin) and cancer antigens (CA 15-3 and CEA) concentrations were quantitatively determined in serum samples using ELISA.
Results: We found significant associations only for oestrogen (p-value= 0.036), while non-significant (p-value= 0.123) hyperprolactinemia with cancer history. But none of the individuals carried the BRCA1/2 studied mutations while new variants were detected; (delA) in position 93865,
deletion (delA) or substitution of A by G (A/G) in position 93858 and (insA) in position 93844 with
frequency of 50%, 50%, 25% and 25%, respectively, in subjects with cancer history.
Conclusions: The serum level of oestrogen could be a useful non-invasive cancer marker while significant association of hyperprolactinemia and the new BRCA1/2 variants with cancer needs extra study.
KEYWORDS: Breast cancer, Sex hormones, Tumor markers, Genes.

INTRODUCTION
There are currently blood-born biomarkers that
have been suggested for cancer predicting and follow-up. CEA markers for colon, pancreatic, lung
and colorectal cancer and CA15-3 for breast can-

cer have proven to be reliable indicators of early
disease as they present in the primary levels in
normal individuals and will be elevated in individuals with disease in different stages 1,2. These
markers were used in different clinical practices 3,4. In addition, sex hormones and its specific
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receptors may contribute to the growth and development of several tumors, including breast,
endometrium, ovarian, head, neck and prostate
carcinomas5-8. The tumour promoting effect of
prolactin and its association with breast cancer
was reported9-11. BRCA1/BRCA2 pathogenic
variants in BRCA1 and BRCA2 can be involved
in a higher risk of developing breast and ovarian
cancer, prostate cancer and pancreatic cancer12-14.
Furthermore, BRCA1/BRCA2 gene mutation biomarkers have been applied to the clinical management of breast/ovarian cancer patients 15. In addition, Foulkes16 included BRCA1/BRCA2 in the
final list of established breast and ovarian cancer
susceptibility genes. The current study aimed to
evaluate CEA, CA15-3, oestrogen, progesterone,
prolactin and BRCA1/BRCA2 gene mutations as
cancer biomarkers in Egyptian females with and
without cancer history. We started an extensive
mutation screening study with these investigations and further studies will be carried out.
PATIENTS AND METHODS
Subjects
Forty-five female volunteers aged 25-52, with and
without family history of cancer were included in
this study. One of them was subsequently diagnosed
with breast cancer and another one with a uterine
benign tumor case (underwent tumor completely
removed with surgery). These volunteers agreed to
donate blood samples, personal and family cancer
histories information for research purposes. This
study was performed in compliance with relevant
laws, institutional guidelines and the Declaration
of Helsinki. It also was approved by the Faculty of
Medicine Ethical Committee, Alexandria University (RB NO: 00007555-FWA NO: 00015712).
Sample collection
Venous blood (5 mL) was collected from each
participant. Aliquots received in freezing tubes
containing EDTA (anticoagulant) were used for
DNA extraction and the remaining aliquots (without anticoagulant) were used for serum preparation. Serum was prepared according to a standard
protocol17 and stored at -20ºC.
CA 15-3 and CEA assays
Cancer antigen CA15-3 and Carcinoembryonic
antigen (CEA) concentrations were quantitatively
determined in serum samples using sandwich enzyme-linked immunosorbent (ELISA) kit (Calbio2

tech CA 15-3 ELISA kit, Spring Valley, CA USA)
and sandwich enzyme immunoassay test kit (CEA
enzyme immunoassay test kit, Chemux BioScience, Inc., San Francisco, CA USA), respectively,
according to the manufacturers’ instructions.
Hormones testes
In this study, serum concentrations of progesterone, oestrogen and prolactin were quantitatively
measured using ELISA assays. The manufacturers’
instructions of competitive EIA kit (enzyme immunoassay test kit, Chemux BioScience, Inc., San
Francisco, CA USA), DRG Instruments (GmbH,
Frauenbergstr, Germany) DRG Estradiol ELISA
kit (DRG International, Inc., Springfield, NJ, USA)
and Enzyme immunoassay test kit (Chemux BioScience, San Francisco, CA, USA), used in Progesteron, oestrogen and prolactin tests, respectively.
Genomic Marker Assays DNA extraction
Genomic DNA was extracted from whole blood
by using Thermo Scientific Gene JET genomic
DNA purification kit (2014 Thermo Fisher Scientifi, Waltham, MA, USA) according to the manufacturers’ instructions.
BRCA1 and BRCA2 mutations
detection PCR
Detection of Jewish founder mutations; 185delAG
and 5382insC mutations in the BRCA1 Gene and
6174delT mutation in the BRCA2 gene was carried
out using a Polymerase Chain Reaction (PCR), as
previously described18. 8% denaturing polyacrylamide gel used to detect the mutations because
each of the mutation alleles had either a deletion
or an insertion (the size of PCR products of normal and mutant alleles of each mutation differs by
one or two nucleotides). For confirmation of the
185delAG and the 6174delT mutations, RFLP and
sequencing assays were carried out.
RFLP
The PCR product for each sample of the 185delAG
and the 6174delT mutations was digested with (20
U/µl) of HinfI (SibEnzyme) and (12 U/µl) of BbrPI
(ViVantiS), respectively in a 20 μl final volume
according to the manufacturer’s instructions. The
digested fragments were analyzed electrophoretically on 15% non-denaturing polyacrylamide gel18.
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Sanger sequencing

BRCAI/BRCA2 mutations analysis

Nine suspected PCR products were confirmed
for 185delAG mutation using sequencing with
the forward primer (forward direction) and the
forty-five amplicons of 6174delT mutation were
confirmed using sequencing with reverse primer
(reverse direction). The sequencing primers were
selected where their sequences did not harbour
the interested polymorphisms. The band was excised from the agarose gel and purified according
to the instruction manual of EZ-10 spin column
DNA gel extraction kit (bio basic). Purified PCR
products were sequenced using Genetic Analyzer
(Applied Biosystems, Hitachi, Japan) at (Gatc lab,
Germany).

Forty-five PCR products for each of 185delAG
and 5382insC mutations in the BRCA1 gene and
6174delT mutation in the BRCA2 genes have
been typed by PAGE single strand conformation
polymorphism (SSCP). All samples showed the
same profile for each mutation. These results indicated that mutant allele of each mutation was
absent or the efficiency of PAGE typing for detection of mutant allele was low. In addition,
RFLP patterns showed that all PCR products for
each sample of the 185delAG and the 6174delT
mutations were wild-type therefore, each PCR
product of the 185delAG (170-bp) digested with
HinfI restriction enzyme (which recognizes
5’G↓ANTC3’-3’CTNA↓G5’; N=A or C or G or T)
and produced two bands 150-bp and 20-bp. While
each PCR of the 6174delT mutation (148-bp) gave
cut (127 and 21-bp) with BbrPI which recognize5’CAC↓GTG3’-3’GTG↓CAC5’. These results
confirmed that mutagenic primers introduced a
restriction site into all the studied PCR products.
Furthermore, sequence results did not detect either the185delAG BRCA1 nor 6174delT BRCA2
mutant allele in the current PCR products. In addition, the sequence of nine 185delAG BRCA1
samples were aligned with the reference sequence
(NG_005905.2) (Figure 1). Novel alterations in
BRCA1, which were not reported from the main
reference databases, were noticed; there was a deletion (delA.) in all samples except sample no. 31
and 17 in position 93865, in samples no. 10, 12,
31, and 36 there was a deletion (delA) and substitution of A by G in samples no. 1, 15 in position
93858 and there was (insA) in position 93844 in
sample no.17 only. The association of frequency
of the new BRCA1 unknown variants with cancer
history was shown in Table 2. The accession numbers of these samples are GenBank MW432525,
GenBank MW462238-MW462241, and GenBank
MW531176-MW531179.
Also, alignment of forty-five 6174delT BRCA2
sample sequences and reference sequences
(NG_012772.3) showed that forty-one sample sequences had 99% sequence identity. Figures 2(a
and b) displayed graphics of alignment between
any of these samples sequences and reference sequence to determine the location of target mutation in both gene and chromosome. The deposited
accession numbers of forty-one sample sequences
are: GenBank MZ027671-MZ027672, GenBank
MW928852-MW928887, GenBank MZ054388MZ054389, and GenBank MW600293. It also noticed that samples no. 29 and 44 had 83% similarity with reference sequence and samples no. 1 and
7 had different nucleotide sequences.

Statistical analysis
Significant association between studied markers
and each of age, weight, presence of children and
cancer history of studied individuals were tested
using the chi-square (χ2) goodness of fit Statistical
Package for the Social Sciences (SPSS) version 22
(IBM Corporation, Armonk, NY, USA). p-values
of ≤0.05 were considered significant.
RESULTS
The demographic characteristics of the participants are shown in Table 1. It was noticed that
the mean age was 38.5. Among the studied individuals, 26 (57.8%) were > 40 and 19 (42.2%)
were ≤40, 71.1% married, 28.9% not married,
and 37.8% of these participants had cancer family history.
TABLE 1. Volunteers demographics.
Variable
Age
   > 40
   ≤ 40
Marital Status
   Married
   Not Married
Breast-feeding
   Ever
   Never
Having children
   Children
   No children
Cancer history
   With cancer history
   Without cancer history

Frequency
26 (57.8%)
19 (42.2%)
32 (71.1%)
13 (28.9%)
30 (66.7%)
15 (33.3%)
31 (68.9%)
14 (31.1%)
17 (37.8%)
28 (62.2%)
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Fig. 1. The sequence alignment of BRCA1 reference sequence (NG_005905.2) with the nine selected samples. The green border
line indicates the start codon in Exon 2 of BRCA1 gene. The red border line indicates the 185delAG and new variant position
in the sequences.
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TABLE 2. Frequency of the new BRCA1 unknown variants in selected samples with and without cancer history.
Variants

Location in
BRCA1 gene

Frequency in individuals NO. (%)

93865
93858
93858
93844

2 (50%)
2 (50%)
1 (25%)
1 (25%)

With cancer history
Without cancer history
		  (total number= 4)	  (total number=5)
Deletion of nucleotide a (delA)
Deletion of nucleotide a (delA)
Substitution of nucleotide a by g(A/G)
Insertion of nucleotide a(insA)

5 (100%)
3 (60%)
1 (20%)
0 (0%)

Fig. 2. (a) Graphic of alignment between samples and reference sequences (NG_012772.3), red C determines the target 6174delT
(rs796460349) variant position in BRCA2 gene (exon 11). (b) Graphic of alignment between sample sequences and reference
sequence (NG_012772.3), blue box determines the rs796460349 BRCA2 variant position on chromosome 13. Figure 2a and 2b
are part of our current study and deposited accession number (https://www.ncbi.nlm.nih.gov/nuccore/MZ054388.1/).
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TABLE 3. Hormonal and cancer biomarker level in serum.
Hormone 		Hormone and tumor markers level percentage

Prolactine
Progesterone
Oestrogen
CEA
CA15-3

High level%

Low level %

75.6
0
2.2
2.2
8.9

0
17.78
26.7
0
0

Normal level %
24.44
82.22
71.1
97.8
91.1

High level: above normal range, Low level: below normal range, Normal level: within normal range.

Serum Biomarkers
Table 3 and Figure 3 demonstrate the percentage of
people with normal, elevated and reduced Progesterone, prolactin, estradiol, CEA and CA15-3. Data
revealed that serum level of CEA of all samples
was in normal range (< 5 ng/ml) except for sample no. 36 which had elevated CEA level (49.8 ng/
ml) although it was included in no cancer history
group. Similarly, CA15-3 serum level of all samples was at normal level (<35 U/ml) while samples
no. 10, 13, 25 and 26 had raised CA15-3 levels. 40,
37.5, 38 and 36 U/ml, respectively, had no history
of cancer. Of 45 women screened with prolactin
test, 34 women (of different age, different menopausal status and 15 of them with cancer history)
had high prolactin levels (16-100 ng/ml) compared
to cut-off value (15 ng/ml).
Serum progesterone of 37 women (82.22%)
was in normal ranges which vary from 0.06-25
ng/ml according to the phase of menstrual cycle and age. Decreased levels were detected in 8
women (17.78%) with age; 32, 38, 39, 40, 44, 45,
46 and 49. Interestingly, estradiol of 32 women
was in normal ranges (18.4-549 pg/ml). Reduction
in serum estradiol level was detected in samples

of 12 women, 7 of them with history of cancer
and 8 of them with age >40. Moreover, estradiol level was elevated in a sample of women who
were diagnosed with breast cancer after taking its
sample. Furthermore, the association of studied
serum biomarkers with each of age, body weight,
presence of children and cancer history of the individuals was analyzed using the Pearson’s chisquare test. It was noticed that the association was
significant only for oestrogen with cancer history
as shown in Table 4. Also, data analysis showed
non-significant increase in all biomarkers abnormality for women who were 40 years or older.
DISCUSSION
Current study used some known cancer biomarkers
for the early detection of cancer in Egyptian women. Data of PCR, RFLP and sequencing showed that
neither the studied 185delAG, 5382insC BRCA1
nor 6174delT BRCA2 mutant allele detected in the
current PCR products. These data are in accordance
with Hussien et al19 who reported that 185delAG
founder mutation was expressed at low frequency
(3%) whereas the 5382insC in BRCA1 and 6174delT

Fig. 3. Percentage of participants with
abnormal level of serum tumor markers.
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TABLE 4. Results of chi-square serum biomarkers data analysis.
Variable		

Progesterone

		

Oestrogen

		

Prolactin

		

CA15-3

		

CEA

%N**

%Å

Pv.¹

%N

%A

P v.

%N

%A

P v.

%N

%A

P v.

%N

%A

P v.

Age≥40

73.7

26.3

.200

57.9

42.1

.094

21.1

78.9

.651

89.5

10.5

.741

94.7

5.3

.237

Age<40

88.5

11.5		

80.8

19.2		

26.9

73.1		

92.3

7.7		

100.0

0.0

With cancer history

88.2

11.8

52.9

47.1

11.8

88.2

100.0

0.0

100.0

0.0

Without cancer history

78.6

21.4		

82.1

17.9		

32.1

67.9		

85.7

14.3		

96.4%

3.6

Body weight≥70k

80.0

20.0

74.3

25.7

25.7

74.3

91.4

8.6

97.1

2.9

Body weight<70

90.0

10.0		

60.0

40.0		

20.0

80.0		

90.0

10.0		

100.0

0.0

Have children

77.4

22.6

67.7

32.3

32.3

67.7

87.1

12.9

96.8

3.2

Have no children

92.9

78.6

21.4		

7.1

92.9		

100.0

0.0		

97.8

2.2

.411

.466

.210

7.1		

.036

.379

.458

*: normal: within normal range, ͣ: abnormal: above or below normal range and¹: p-value.
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.123

.711

.070

.103

.889

.159

.431

.589

.497

in BRCA2 were not detected within the Eastern
Egyptian population. Also, Zoure et al20 did not detect 185delAG (c.68_69delAG (exon2)) in the population of Burkina Faso. On the other hand, Debaky et
al21. found that the5382insC and 185 delAG mutations
showed a frequency (56%) and (22%), respectively,
in females of Qalubia governorate (Egypt). They
also found that incidence of BRCA1 gene mutations
in the breast cancer group and in the groups with
family history were higher than its incidence in the
control group and in the groups without family history. It was reported that the prevalence of BRCA1/2
germline variants is variable among different ethnic
groups 22. BRCA1/2 variants showed a frequency
between17.6% to 29.8% in white European and Australian people while 9.4% to 21.7% in Asian countries 23 and 8% to 37% within Italian families with
BC and/or OC cases 24,25. New mutations in current
study which were detected need further study to its
identification. It was found that neither CEA nor
CA15-3 could not detect cancer in women who were
diagnosed as breast cancer via mammography while
they revealed positive results with healthy women
with no cancer history. These results indicated that
CEA and CA15-3 lack sensitivity for early disease
detection and may be useful as pre-diagnostic markers of a more aggressive tumour phenotype and metastatic disease during active therapy, in agreement
with several authors such as Harris et al26, Mari´c et
al27, Atoum et al28, Shao et al29, and Kazarian “et al30.
The current study showed that about 75% of women
had increased prolactin levels including 2.9% with
breast cancer. In addition, non-significant hyperprolactinemia in women with cancer history was noticed. This finding indicated that the high prolactin
level may be correlated to disease state. Cohen et al
31
found non-significant increase in prolactin level in patients with active disease while Sethi et al32
and Ali et al11 reported that both breast and prostate
cancer were associated significantly with increased
prolactin level. With respect to serum progesterone
and oestrogen, the current study demonstrated decreased progesterone levels in (17.78%) of women
with age: 32, 38, 39, 40, 44, 45, 46 and 49. Interestingly, reduction in serum estradiol level was also
detected in 26.7% of samples, 66.7% of them with
age >40 and 58.3% of them with history of cancer.
Also, data analysis showed non-significant increase
in all biomarkers abnormality for women who were
40 years or older but significant association only for
oestrogen with cancer history. These results indicated that the reduction in progesterone and oestrogen
related non-significantly with age in accordance
with Perheentupa and Huhtaniemi33 and Neal-Perry
et al34 who reported an overall decline in concentrations of estrogens and progesterone in females with
age. Additionally, it was reported that estrogen levels
8

decrease significantly in women with menopause 35.
Moreover, the current study showed high estradiol
and prolactin levels while low progesterone levels in
a sample of women who were diagnosed with breast
cancer after taking its sample. These results indicated that high estradiol and prolactin levels while low
progesterone may serve as indicators of tumour or
cancer as previously reported that either insufficient
progesterone action or an excess in oestrogen can result in endometrial pathologies such as endometrial
hyperplasia or endometrial adenocarcinoma 36.
CONCLUSIONS
The serum level of oestrogen could be a useful
non-invasive cancer marker while significant
association of hyperprolactinemia and the new
BRCA1/2 variants with cancer needs extra study.
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