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Abstract

Introduction: ORM1 gene located on the long arm of chromosome 9 encodes for alpha-1-acid glycoprotein (AGP1), the 
gene contains two single nucleotide variants located in exon 1 and exon 5, which are implicated in immunosuppressive 
activities of AGP1, affecting the progress and clinical course of diseases such as cancer. Due to the foregoing, the objective 
of this study was to determine the genotypic and allelic frequency of variants c.113G>A of exon 1 and c.520G>A of exon 5 
of the ORM1 gene, to evaluate their association with breast cancer (BC). Materials and methods: A case-control study was 
conducted, 101 patients diagnosed with adenocarcinoma of mammary gland and 104 healthy women were included. Of each 
participant DNA was obtained for the genotyping of 2 variants of the gene ORM1 and assesses its clinical correlation. 
Results: The analysis of the genotypic and allelic frequencies of the variant c.520G>A of exon 5 showed that patients with 
BC had a higher frequency of the GG genotype compared to controls (99% vs. 89.42%; respectively). While the pheno-
type-genotype correlation of exon 1 showed that patients with BC and GG genotype had a higher age at the time of their 
last calving date, compared to genotype AA and AG patients (36.44 ± 0.83 vs. 32.35 ± 0.98 and 31.44 ± 0.83, respectively), 
both results was statistically significant (P < 0.05). Conclusions: The polymorphisms of the gene ORM1 and its protein could 
intervene in BC affecting the clinical course and progression of the disease.
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Introduction

The ORM1 gene is located on the long arm of 
chromosome 9 in the 31-32  (9q31-32) region. It con-
tains 5 exons and encodes alpha-1-acid glycoprotein 
(AGP1), which has immunomodulatory functions such 
as cell inhibition (neutrophils and T lymphocytes), plate-
let aggregation inhibition, interleukin (IL) 2 inhibition 
during inflammatory processes, and IL-1 production in-
hibition in macrophages1,2, which are all involved in 
antitumor immune response.

The single nucleotide variant (SNV) c.113G>A in exon 
1 of the ORM1 gene has been reported to be able to 
produce a phenotypic alteration in the AGP1 protein, 
making for it to have slow electrophoretic migration 
(S phenotype), which is related to a more powerful im-
munosuppressive function in comparison with the iso-
form with faster electrophoretic migration (F phenotype), 
encoded by exon 5 c.520G>A variant of the same gene; 
therefore, these variants appear to be able to modulate 
AGP1 protein biochemical characteristics and biological 
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functions, thus affecting the progress and clinical course 
of diseases such as cancer3-8.

In the process of breast cancer (BC) tumorigenesis, 
for example, which is considered a global public health 
problem9, various DNA structural alterations have been 
detected, which range from large chromosomal rear-
rangements, translocations, deletions, insertions and 
copy number variation to single nucleotide variants 
(SNV) in various genes, including the ORM1 gene10-12.

In Japanese, German and Swedish populations, 
ORM1 gene SNVs have been described to be associ-
ated with a blockage of the antitumor immune response, 
thus contributing to the preservation and development 
of tumor cells in the mammary gland tissue1,3,4,12.

Consequently, various groups in the world highlight 
the need to study the BC genome in order to help pin-
pointing the biological mechanisms of cancer onset and 
progression, and to be able to find biomarkers that al-
low timely diagnosis and thus prevent BC10,13,14.

In view of the above, the purpose of this work is to 
determine the genotypic and allelic frequency of ORM1 
gene exon 1 c.113G>A and exon 5 c.520G>A variants, 
which encode glycoprotein AGP1 S and F isoforms, in 
order to assess their clinical association with BC in a 
sample of Mexican population.

Material and methods

A case-control study was carried out in the period of 
2015 to 2016, which was approved by the respective 
research and ethics committees of the participating 
institutions. One-hundred and one patients referred 
from the oncology outpatient services of Hospital 
Juárez of México and National Medical Center 20 de 
Noviembre of the Institute of Social Security and Ser-
vices of State Workers (ISSSTE – Instituto de Seguri-
dad y Servicios Sociales de los Trabajadores del 
Estado), with a diagnosis of adenocarcinoma of the 
mammary gland confirmed by histopathological study, 
at any clinical stage, without a history of concomitant 
diseases and who, at the time the sample was ob-
tained, had not received surgical treatment, chemother-
apy or radiotherapy, were included. Disease evolution 
time was taken into account, which was defined as the 
time elapsed from the diagnosis of the disease to the 
moment the patient was admitted to the protocol.

In addition, 104 healthy women referred from the 
same above-mentioned hospitals, paired by age as 
controls, and who underwent a clinical interview, phys-
ical examination and biochemical analysis that included 
blood count, blood chemistry, lipid profile, and viral 

panel, which should have been confirmed as normal 
exams in order for them to be classified as healthy 
subjects, were included. All participants signed an in-
formed consent form, and peripheral venous blood was 
obtained from each one of them, which was collected 
in a 5-ml Vacutainer™ tube with ethylenedi-
aminetetraacetic acid for DNA extraction. Genomic 
DNA was obtained from leukocytes using the salt-
ing-out method15.

Exon 1 c.113G>A variant genotyping was performed 
by polymerase chain reaction (PCR) and automated se-
quencing, while exon 5 c.520G> A variant determination 
was carried out with PCR-RFLP (restriction fragment 
length polymorphisms), according to García-Ortiz16.

Statistical analysis

Statistical analysis was carried out with the Graph-
Phad Prism® program, version  4.0 for Windows® 
(GraphPad Software, San Diego, CA, USA), using an 
Excel® database. ORM1 gene exon 1 and exon 5 SNVs 
genotypic and allelic frequencies, as well as 
Hardy-Weinberg equilibrium, were obtained from the 
data. The association between genetic variants and 
clinical characteristics was analyzed using the chi-
square test for tendencies, with the confidence interval 
and the odds ratio (OR) being calculated, as appropri-
ate. Quantitative clinical characteristics were evaluated 
using Student’s t-test, unpaired, with post-test Wilcoxon 
or ANOVA, as appropriate, and the association be-
tween variables was assessed using Spearman’s coef-
ficient. For all analyses, statistical significance was 
assumed with a p value < 0.05.

Results

A total of 101 patients diagnosed with BC who met 
the inclusion criteria for this protocol and 104 healthy 
women as the control group were included. Average 
age of the BC patients was 52.83 ± 0.85 years, while 
average age for the control group was 55.76 ± 0.85 years. 
Age at menarche, age at first gestation, number of 
pregnancies, abortions, and age at menopause aver-
ages showed no significant differences between both 
groups (Table 1).

To find out whether ORM1 gene exon 1 c.113G>A 
and exon 5 c.520G>A variants, which encode AGP1 
glycoprotein S and F isoforms, respectively, were as-
sociated with BC, a first analysis of the genotypic and 
allelic frequencies of these variants was carried out, 
which showed that they were in Hardy-Weinberg 
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equilibrium (Table  2). As it can be observed, exon 1 
c.113G>A variant genotypic frequencies were similar for 
patients with BC and those in the control group; in both 
groups, there was a higher proportion of the AG geno-
type, followed by AA and GG.

On the other hand, the analysis of exon 5 c.520G>A 
variant genotypic and allelic frequencies showed that 
both the patients with BC and those in the control group 
had a higher frequency of the GG genotype (99 and 
89.42%, respectively) in comparison with genotypes 
GA and AA, which showed a lower proportion in both 
groups; however, these differences were statistically 
significant between the study groups: GA vs. GG (OR: 
24.7; confidence interval [CI]: 1.4-4.25; p = 0.008) and 
AA vs. GG (OR: 0.014; IC: 0-1.04; p = 0.0005).

Since the distribution of exon 5 genotypes was prac-
tically concentrated on genotype GG, both in patients 
with BC and in the control group, only analyzing the 
clinicopathological characteristics in patients with BC 
and their relationship with ORM1 gene exon 1 different 
genotypes was considered.

When analyzing the obstetric-gynecologic character-
istics divided by exon 1 AA, AG and GG genotypes in 
patients with BC and in the control group, no significant 
difference was found between menarche, age at first 
gestation, number of gestations, deliveries, abortions, 
final menstrual period or menopause. We only found 
that patients with genotypes BC and GG were older at 
their last delivery, in comparison with AA and AG-gen-
otype patients (36.44  ±  0.83  vs. 32.35  ±  0.98 and 
31.44  ±  0.83, respectively), with these results being 
statistically significant (p < 0.05) (Table 3). The analysis 
of tumor histopathological characteristics, divided by 
genotypes, showed that patients with BC and the AA 
genotype had a lower average tumor size (2.57 ± 0.25 cm) 

in comparison with those with genotypes AG 
(3.51  ±  0.35  cm) and GG (3.18  ±  0.46  cm); however 
there were no statistically significant differences.

We could only observe a significant trend for histo-
logical subtype when the samples were triple-negative 
and grouped in genotype GG, as well as for the pres-
ence of metastasis and its relationship with ORM1 
gene exon 1 GG genotype (Table 4).

The study of disease evolution time in the patients with 
BC, divided by AA, AG and GG genotypes, showed that 
patients with genotype AG had the highest average in 
the type of disease evolution in comparison with patients 
with genotype AA (3.9 ± 0.6 vs. 2.53 ± 0.36 years, re-
spectively; p < 0.05) and genotype GG (3.12 ± 0.92 years) 
(Fig. 1).

Discussion

Our work is the first one to study, in a Mexican pop-
ulation, the relationship between BC clinical character-
istics and ORM1 gene exon 1 c.113G>A and exon 5 
c.520G>A variants, which can modify the primary struc-
ture of the protein that encodes AGP1. This protein is 
related to biological processes such as the acute phase 
response and inflammation, IL-6 and tumor necrosis 
factor production negative regulation, as well as neu-
trophil and platelet degranulation, which are all associ-
ated with antitumor response2,8,17-21.

In addition, these ORM1 gene variants can modify 
AGP1 protein functions related to drug transport, since 
these variables differ from each other in the drug-binding 

Table 1. General characteristics of patients with breast 
cancer (BC) and those in the control group

Parameter BC (n = 101) Controls (n = 104)

Age (years) 52.83 ± 0.85 (28-80) 55.76 ± 0.85 (25-78)

Age at menarche 12.81 ± 0.83 (10-16) 12.03 ± 0.87 (11.14)

Age 1st gestation 22.78 ± 2.30 (15-37) 21.52 ± 3.01 (16-36)

Gestations 2.59 ± 1.20 (0-12) 3.02 ± 1.50 (0-10)

Abortions 0.48 ± 0.42 (0-3) 1.02 ± 0.25 (0-4)

Age at menopause 44.48 ± 5.23 (0-65) 43.95 ± 4.21 (0-58)

All results are expressed as averages ± standard error (range).

Figure  1. Disease evolution time in patients with breast 
cancer divided by ORM1 gene exon 1 genotype.

Group

Ev
ol

ut
io

n 
tim

e
(y

ea
rs

)

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
  o

f 
th

e 
p

u
b

lis
h

er
. 

 
©

 P
er

m
an

ye
r 

20
20



4

Gaceta Mexicana de Oncologia. 2020;19(2)

Table 2. ORM1 gene exon 1 c.113G>A and exon 5 c.520G>A polymorphisms genotypic and allelic frequency in 
patients with breast cancer (BC) (n = 101) and in the control group (n = 104)

Exon 1 A/G (c.113G>A) Genotype frequency OR (95% CI) p Allele Allelic frequency p

n (%) n (%)

BC Controls BC Controls

AA 34 (0.337) 42 (0.404)

1.44 (0.79-2.62) N.S. A 0.609 0.634

AG 55 (0.544) 47 (0.452) N.S.

0.98 (0.4-2.4) N.S. G 0.391 0.366

GG 12 (0.119) 15 (0.144)

Exon 5 G/A (c.520G>A)

GG 100 (0.990) 93 (0.894)

24.7 (1.4-4.25) < 0.05 G 0.99 0.951

GA 0 (0.000) 11 (0.106) < 0.05

0.014 (0-1.04) < 0.05 A 0.01 0.049

AA 1 (0.010) 0 (0.000)

All groups were at Hardy-Weinberg equilibrium.
OR = odds ratio; CI: confidence interval; N.S. = non-significant.

Table 3. Obstetric-gynecological characteristics in patients with BC, divided by ORM1 gene exon 1 genotype

Variable AA (n = 34) AG (n = 55) GG (n = 12) Genotype comparison p-value

Menarche (age) 12.94 ± 0.28 (10-16) 12.78 ± 0.16 (10-16) 12.78 ± 0.16 (10-16) AA vs. AG
AA vs. GG
AG vs. GG

0.591
0.494
0.603

Age 1st gestation 21.53 ± 0.88 (16-37) 21.75 ± 1.12 (0-36) 21.75 ± 1.12 (0-36) AA vs. AG
AA vs. GG
AG vs. GG

0.078
0.495
0.608

Gestations (n) 4.18 ± 0.43 (1-13) 3.35 ± 0.32 (0-15) 3.345 ± 0.32 (0-15) AA vs. AG
AA vs. GG
AG vs. GG

0.277
0.932
0.392

Parous (n) 2.97 ± 0.45 (0-12) 2.15 ± 0.28 (0-11) 2.15 ± 0.28 (0-11) AA vs. AG
AA vs. GG
AG vs. GG

0.521
0.562
0.222

Abortions (n) 0.5 ± 0.15 (0-3) 0.51 ± 0.12 (0-3) 0.51 ± 0.12 (0-3) AA vs. AG
AA vs. GG
AG vs. GG

0.963
0.545
0.525

LD (age) 32.35 ± 0.98 (24-41) 31.44 ± 0.83 (20-48) 36.44 ± 1.48 (31-46) AA vs. AG
AA vs. GG
AG vs. GG

0.4916
< 0.05
< 0.05

FMP (age) 45.32 ± 0.84 (33-54) 44.73 ± 0.80 (26-59) 44.73 ± 0.80 (26-59) AA vs. AG
AA vs. GG
AG vs. GG

0.626
0.117
0.076

Menopause (age) 45.63 ± 1.02 (35-62) 47.11 ± 1.05 (26-65) 47.11 ± 1.05 (26-65) AA vs. AG
AA vs. GG
AG vs. GG

0.335
0.506
0.961

The results are presented as averages ± standard error (range).
FMP: final menstrual period; LD: last delivery.
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active site, which ultimately affects the clinical course of 
diseases such as BC2,8,17-21.

In regions of northern Sweden, this gene’s exon 1 
c.113G>A variant GG genotype has been reported to 
be significantly more frequent in patients with BC in 
comparison with the control group of the same geo-
graphic area. Similar results are obtained for the pop-
ulation of southern Germany in different types of 
cancer, including BC3,22. However, in our study, the 
genotypes of this variant are similarly distributed be-
tween patients with BC and the control group.

Regarding the clinical parameters associated with 
exon 1 variants, there is in general sparse information 
in the literature. However, when BC and its relationship 
with genetic variants is studied, we must take into ac-
count factors such as age and obstetric-gynecological 
history (age at first gestation, number of gestations, 
deliveries, abortions, etc.) in the analysis, since these 
variables have been described to be able to increase 
pro-inflammatory proteins plasma concentration and/or 
change the gene expression of proteins related to the 
immune response, thus favoring and/or hindering the 
presence of long-term antitumor mechanisms23-25.

Thus, our study shows that patients with BC and exon 
1 GG genotype were older at their last delivery, which 
possibly indicates that this variant might be increasing 
AGP1 protein plasma concentration, thus favoring its 
immunomodulatory activity during disease progression.

On the other hand, studies of exon 5 c.520G>A 
variant in subjects of European, American and Asian 
ancestry, show that GG is the predominant genotype26, 
just as it occurred for the Mexican population. This 
distribution is difficult to explain; however we speculate 
that the phenomenon might be part of a gene drift, 
where one of the alleles has been fixed or extinguished, 
which in general causes a decrease in genetic variabil-
ity in the human population.

Our study also shows that, in patients with BC, exon 
5 GG genotype, which encodes AGP1 protein F1 iso-
form, is predominantly significant with regard to geno-
types GA, AA of the same group, as well as to the 
control group genotypes. Therefore, in our population, 
exon 5 GG variant (F1 isoform) could be associated 
with cancer, conversely to the observations published 
for the European population, in which although exon 5 
GG variant is also predominant, exon 1 c.113G>A vari-
ant (i.e., S isoform) appears to be associated with can-
cer, given that it is more immunosuppressive than 
isoform F3,4.

These discrepant results may be determined by the 
ethnic differences of the studied populations. In Mexico, 
miscegenation historical backgrounds have been de-
scribed since the viceroyalty period; new secondary 
groups emerged from the coexistence of the three main 
primary ethnic groups (indigenous populations, Spaniards 
and African descendants), creating a vast miscegenation. 

Table 4. Tumor histopathological characteristics in patients with breast cancer, divided by ORM1 gene exon 1 
genotypes

Variables AA (n = 34) AG (n = 55) GG (n = 12) Genotypes OR (95% CI) p

*Tumor size (cm) 2.57 ± 0.25 (0.5-5) 3.51 ± 0.35 (0.9-14) 3.18 ± 0.46 (1-6) AA vs. AG
AA vs. GG
AG vs. GG

0.72 (0.30-1.70)
1.03 (0.42-2.23)
0.97 (0.39-2.37)

0.45
0.94
0.94

Histological subtype (%)
Luminal A
Luminal B
Triple-negative

23.5
17.7
58.8

25
21.9
53.1

0
20
80

AA vs. AG
AA vs. GG
AG vs. GG

0.79 (0.20-3.04)
2.80 (0.20-157.11)
3.52 (0.30-32.54)

0.93
0.73
0.52

Stage (%)
I
II
III
IV

8.8
38.2
53
0

12.7
52.7
29.1
5.5

8.3
41.7
50
0

AA vs. AG
AA vs. GG
AG vs. GG

0.45 (0.12-1.98)
0.98 (0.22-4.27)

2.9 (0.11-7.1)

0.12
0.97
0.45

Metastasis (%)
Yes

Local
Distant

No

91.2
0

8.8

81.8
5.5

12.7

91.7
0

8.3

AA vs. AG
AA vs. GG
AG vs. GG

0.84 (0.35-2.0)
2.53 (0.63-10)

3 (0.8-11.2)

0.7
0.18
0.09

*The results are presented as averages ± standard error (ranges).
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Therefore, knowing the genetic variability of this and other 
variants that occur in our population will allow establishing 
the biological bases in order to understand their relation-
ship with diseases and influence on their prognosis27.

The ORM1 gene has various genetic variants, which 
could act as target sites for microRNA and regulate 
ORM1 gene expression28, since some studies pub-
lished in proteomics report the relationship between the 
AGP1 protein and the prognosis of patients with BC29, 
as well as the correlation that exists between this pro-
tein and the different clinical stages of cancer7,17,30,31.

Due to the above, we consider that one limitation of 
our study is, then, the lack of correlation between ORM1 
gene genotype and phenotype (defined by AGP1 serum 
levels in patients with BC), in addition to how these dif-
ferent genotypes could be influencing the effectiveness 
of chemotherapy and overall survival rate; therefore lon-
gitudinal studies that allow us solving these so far exist-
ing uncertainties will have to be carried out.

As we can observe, ORM1 gene variants could inter-
vene in BC, affecting the clinical course and progres-
sion of the disease8,29. However, future studies in 
different populations, which help us link these variants 
with BC clinical characteristics, will be necessary.

Thus, the variants of both the ORM1 gene and its 
AGP1 protein appear to be potential components of a 
biological signaling network in conditions such as cancer, 
and studying them could therefore serve for the follow-up, 
prognosis, and treatment of patients with BC18,28,32-34.

Conclusions

Our study shows that, in patients with BC, exon 5 
c.520G> A variant GG genotype (AGP1 protein F iso-
form) is more frequent in comparison with genotypes 
GA and AA, and it is therefore more immunosuppres-
sive than the other genotypes, conversely to data pub-
lished for other regions of the world, where exon 1 
c.113G>A variant (AGP1 protein S isoform) is claimed 
to be more immunosuppressive than isoform F.
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