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Abstract

Introduction Prolactin (PRL) is a sex hormone with immunomodulatory properties, and it is associated with the clinical activity
of rheumatoid arthritis (RA). The -1149G>T polymorphism at the prolactin (PRL) gene has been associated with autoimmune
diseases, but its functional effect is unclear.

Objective To analyze the association of the PRL -1149G>T polymorphism with disease susceptibility, mRNA, and protein
expression of PRL in RA patients from Southern Mexico.

Methods We included 300 RA patients and 300 control subjects (CS). Genotypes were identified by the polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) technique, the PRL mRNA expression was determined by
real-time PCR, and PRL serum levels were measured by enzyme-linked immunosorbent assay.

Results Applying genetic models of inheritance (dominant, recessive, and additive), we found an association between the T allele
and decreased RA susceptibility (OR =0.55, 95% CI 0.35-0.87, p=0.009; OR =0.09, 95% CI 0.012-0.76, p=0.011; OR =
0.49, 95% CI1 0.32-0.76, p = 0.001, respectively). RA patients had higher mRNA expression and soluble levels of PRL than CS
(p <0.05). The PRL serum levels were similar in RA and CS according to genotypes. However, in CS, carriers of GT and TT
genotypes showed lower PRL mRNA expression than GG genotype carriers (7.1-fold and 20-fold respectively, p = 0.006).
Conclusions This study demonstrated that the PRL -1149T allele is a genetic marker of decrease risk to RA in population from
Southern Mexico, and it is associated with low PRL mRNA.

Key Points

* PRL -1149T allele is a marker of decreased RA susceptibility in population from southern Mexico.
* PRL -1149TT genotype is associated with low PRL mRNA expression.

* RA patients have higher mRNA expression and soluble levels of PRL than healthy subjects.

* PRL serum levels are higher in those RA patients with < 2 years of disease evolution.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune and chronic sys-
temic disease of the connective tissue, characterized by pro-
gressive destruction of the joints [1]. Genome-wide associa-
tion studies have identified more than 30 loci contributing to
RA risk; of these, the strongest associations have been report-
ed for the HLA genomic region, PTPN22, and IL23R genes
[2]. In our research group, we have also confirmed the asso-
ciation of RA with some of these loci (PTPN22, CTLAA4,
PADI4, MIF, and PRL) in RA patients from the western
Mexican population [3-7].

The increased prevalence of RA in women suggests that
female hormones could be a key factor in the development of
this disease [8]. A variety of physiological conditions associat-
ed with excess estrogen and progesterone production (e.g.,
during the postovulatory phase of the menstrual cycle and
during pregnancy) seem to be protector factors for RA in wom-
en, as decreased joint symptoms are shown in those conditions
[9]. Conversely, other female hormones, such as prolactin
(PRL), appear to be detrimental to RA at high levels [10].

PRL is a 23-kD sex hormone secreted in the pituitary
gland, through the hypothalamic—pituitary—adrenal axis.
However, this hormone can also be produced in extra-
pituitary sites, such as peripheral blood mononuclear cells
(PBMCs), on which exerts different bioactivities, including
the inhibition of negative selection of autoreactive B lympho-
cytes, which may promote autoimmunity [10].

Hyperprolactinemia (HPRL) has been observed in 6% of
RA patients compared to 3% in the normal population, and this
condition was associated with increased disease activity in RA
patients [11, 12]. HPRL can affect B cell tolerance induction
by impairment of BCR-mediated clonal deletion, deregulation
of receptor editing, and reduction of the threshold for activation
of anergic B cells, thereby promoting autoreactivity [13].

The PRL gene is located on the short arm of chromosome
6, near the HLA-DRBI region. This gene has two promoters,
one of which controls the pituitary PRL production and the
other controls extra-pituitary PRL production [14]. The extra-
pituitary promoter has the -1149G>T polymorphism
(rs1341239), which seems to be associated with serum prolac-
tin levels [10, 15, 16] and mRNA expression [17].
Electrophoretic mobility shift assays have shown that the
PRL -1149G>T polymorphism alters the binding of a member
of GATA-transcription factor family, which regulates PRL
gene expression. The peripheral blood lymphocytes from pa-
tients with the -1149GG genotype treated with phytohemag-
glutinin expressed higher PRL mRNA than from those with
the -1149TT genotype [18].

There are few studies published to date evaluating the .-
1149G>T polymorphism as a genetic marker in RA [17, 19],
which agree in the association between the -1149T allele with
decreased susceptibility to RA; however, studies in RA have
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demonstrated that some genetic variants are restricted to spe-
cific ethnic groups and its magnitude of risk may be influ-
enced by interactions with other genes and environmental fac-
tors. Therefore, there is little evidence to generalize regarding
the association between PRL gene and RA pathogenesis. In
this study, we examined the relationship between the PRL -
1149G>T polymorphism and RA risk in patients from a
Southern Mexican population, and its effect on PRL serum
levels and PRL mRNA expression.

Materials and methods
Study population

The study was performed in 300 patients with RA and 300
control subjects (CS) from Guerrero State (South of Mexico),
sequentially recruited from the Hospital General de
Chilpancingo “Dr. Raymundo Abarca Alarcén,” Guerrero,
Mexico. The patients were matched with CS, considering
age, gender, geographic region, and ethnicity. A rheumatolo-
gist evaluated all patients, considering physical assessment,
evaluation of the clinical activity according to the Disease
Activity Score-28 (DAS-28), as well as the extent of disability
according to the Spanish version of health assessment ques-
tionnaire disability index (Spanish HAQ-DI). Before enroll-
ment, all patients and controls gave informed consent.

Laboratory assessment and autoantibodies titers

Peripheral blood for analysis was collected from RA patients
and CS. The erythrocyte sedimentation rate (ESR) was mea-
sured using the Wintrobe method. Serum levels of high-
sensibility C-reactive protein (hsCRP) and rheumatoid factor
(RF) were quantified by a turbidimetric assay (COD31029
and COD31030, respectively; BioSystems, Spain). Serum
anti-cyclic citrullinated peptide (anti-CCP) antibodies were
measured with a second-generation enzyme-linked immuno-
sorbent assay (ELISA) according to the manufacturer’s in-
structions (FCCP400; DIASTAT, Axis-Shield Diagnostics,
UK). For autoantibodies, the cut-off value of seropositivity
was defined by the manufacturer as follows: RF >20 IU/mL
and anti-CCP > 5 U/mL.

PRL concentration

Quantification of PRL serum levels was performed only in
100 female RA patients and 100 female CS matched by age,
excluding those conditions such as pregnancies, endocrine-
treatment, renal or any other disease, and medication that are
known to affect serum PRL concentrations. Serum PRL con-
centrations were measured according to the manufacturer’s
instructions, using the EIA-1291ELISA assay from DRG
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International. The sensitivity of the assay was 0.35 ng/mL.
Hyperprolactinemia (HPRL) was defined as PRL serum levels
>20 ng/mL.

Genotyping

DNA was extracted from the peripheral blood leucocytes
using a classical salting out method. Genotypes of the PRL -
1149G>T polymorphism were obtained by PCR-RFLP meth-
od, using previously reported conditions [17]. Further geno-
typed validation was done by DNA sequencing of a subset of
samples randomly selected, through a DNA Genetic Analyzer
ABI Prism 310 (Applied Biosystems, Foster, California) (data
not shown). Also, we carefully re-genotyped 30% of the indi-
viduals using internal controls for wild-type, heterozygous,
and mutant genotypes for each amplification process.

RNA extraction and quantitative real-time PCR

The PRL mRNA expression was determined by quantitative
real-time PCR (qPCR). Total RNA was extracted from 5 mL
of peripheral blood of 25 RA patients and 25 CS matched by
age, according to Chomcyznski and Sacchi technique [20].
One microgram of total RNA was converted to cDNA using
oligo-dT and M-MLYV reverse transcriptase (Promega Corp.,
Madison, WI, USA). PRL mRNA quantification was per-
formed in a LightCycler® 96 (Roche Applied Science,
Penzberg, Germany) equipment using FastStart Essential
DNA Green master kit (Roche Applied Science). GAPDH
was used as a reference housekeeping gene; all PRL and
GAPDH qPCR reactions were run in triplicate. A melting
curve analysis was performed immediately after PCR reac-
tions for each gene to determine the reaction’s specificity.
Relative expression analysis was performed by the 2729
and 2722 methods.

Statistical analysis

Statistical analysis was performed using STATA Software
v12.0 and GraphPad Prism v6.0, and a p value <0.05 was
accepted as the level of statistical significance. Chi-square
(%) test was used for comparison of the genotype and allele
frequencies as to Hardy—Weinberg equilibrium (HWE) calcu-
lations, and the dominant, recessive, and additive genetic
models for the polymorphism were also evaluated. A
Cochran—Armitage test was also applied for gene/disease as-
sociation as suggested when the single-nucleotide polymor-
phism largely deviates from HWE [21]. Risk of disease oc-
currence was determined by calculating odds ratios (OR) and
95% confidence intervals (95% CI). Comparisons between
groups were performed using Kruskal-Wallis or Mann—
Whitney U tests, as appropriate.

Results
Study subjects

Demographics and clinical characteristics of RA patients and
CS are described in Table 1. The median age was 46 (25-70)
years for patients and 47 (27-71) years for CS. Most individ-
uals were females (93%) in both study groups. At the time of
inclusion, RA patients had a median of 6 years of disease
evolution with low disease activity (median DAS28 =2.91)
and some extent of functional disability to perform any daily
activity (median HAQ-DI = 0.32). Most patients were treated
mainly with methotrexate (77%) and non-steroidal anti-in-
flammatory drugs (NSAIDs) (68%). The serum levels of au-
toantibodies (RF and anti-CCP) and acute phase reactants
(ESR and CRP) were higher in RA than in CS (p < 0.001).

Allelic and genotypic frequencies of the PRL -1149G>T
polymorphism

The distribution of genotypic and allelic frequencies of the
PRL -1149G>T polymorphism in RA patients and CS is
shown in Table 2. The control group was not in HWE due to
an excess of homozygosity (x*=9.635, p=0.002), which
was measured by the intrapopulation inbreeding coefficient
(Fis =0.203).

We found significant differences in genotype and allele
frequencies between RA patients and CS for the PRL -
1149G>T polymorphism (p < 0.05). We also analyzed the dis-
tribution of the polymorphism by applying genetic models of
inheritance (dominant, recessive and additive), and according
to all models, there is an association between the T allele (GT
and/or TT genotypes) and decreased RA susceptibility (OR =
0.55, 95% CI 0.35-0.87, p=0.009; OR=0.09, 95% CI
0.012-0.76, p=0.011; and OR =0.49, 95% CI 0.32-0.76,
p=0.001, respectively), Table 2. In addition, the clinical pa-
rameters of RA patients were compared according to the ge-
netic models of the PRL -1149G>T polymorphism, but no
significant differences were found (p > 0.05, data not shown).

Serum levels and mRNA expression of PRL in RA
and CS

The concentration of PRL in serum was higher in RA patients
than in CS (11.2 vs 9.9 ng/mL, respectively, p =0.037,
Fig. 1a). We observed HPRL status (values >20 ng/mL) in
9% of the RA patients vs. 2% in CS. Moreover, we compared
PRL serum levels in RA patients according to the evolution
time of the disease, and we found that the patients with <
2 years of evolution (defined classically as early RA) had
higher PRL serum levels compared to patients with > 2 years
of evolution (defined classically as established RA) (p =
0.013; Fig. 1b). Also, we evaluated the relationship between

@ Springer



2092

Clin Rheumatol (2019) 38:2089-2097

Table 1 Demographic and
clinical characteristics of RA
patients and CS

Variables RA (n=300) CS (n=300) p value
Demographics
Age, years® 46 (25-70) 47 27-71) 0.319
Gender % (n)
Male 7(22) 7 (22) 1.00
Female 93 (278) 93 (278)
Smokers % (n) 16 (48) 19 (57) 0.466
Clinical assessment
Disease evolution, years” 6 (1-22) -
DAS28 score, 0-10 scale * 2.91 (1.82-7.05) —
DAS28% (n)
Remission (< 2.6) 34 (102) -
Low activity (2.6 <3.2) 21 (63) -
Moderate activity (>3.2<5.1) 30 (90) -
High activity (>5.1) 15 (45) -
Spanish HAQ-DI, 0-3 scale® 0.32 (0-1.61) -
ESR, mm/h* 31 (9-55) 27 (6.5-46.5) <0.001
CRP, mg/L? 15.8 (3.45-101.95) 10.7 (2.5-46.5) <0.001
RF (IU/mL)? 173.87 (3.5-300) 0 (0-14.9) <0.001
RF % (n) <0.001
Negative (<20 IU/mL) 13 (26) 96 (192)
Positive (=20 TU/mL) 87 (174) 4(8)
Anti-CCP (U/mL)* 107 (0-900) 0(0-3) <0.001
Anti-CCP % (n) <0.001
Negative (<5 U/mL) 11.6 (23) 95.3 (142)
Low positive (5.1-14.9 U/mL) 8 (16) 2(3)
High positive (> 15 U/mL) 80.4 (160) 274
Drug treatment % ()
NSAIDs 68 (204) -
Steroids (Prednisone) 53 (159) -
DMARDs
Azulfidine (Sulfasalazine) 15 (45) -
Chloroquine 39 (117) —
Methotrexate 77 (195) -

2 Data provided in median (p5-p95). The p values were calculated by x* test or Wilcoxon—Mann—Whitney test, as
appropriate. RA, rheumatoid arthritis; CS, control subjects; DAS28, disease activity score 28; Spanish HAQ-DI,
Spanish version of health assessment questionnaire disability index; ESR, erythrocyte sedimentation rate; CRP, C-
reactive protein; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide antibody; NSAIDs, non-
steroidal anti-inflammatory drugs; DMARD:s, disease modifying anti-theumatic drugs

the PRL levels and the clinical characteristics of RA patients,
but statistically significant correlations were not found (data
not shown). On the other hand, the relative mRNA expression
of PRL in RA patients was 2.4-fold higher than in the CS (p <
0.001; Fig. 1c).

Serum levels and mRNA expression of PRL according
to the PRL —1149G>T polymorphism

There were no significant differences in the PRL serum levels
according to the PRL —1149G>T genotypes in RA patients
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and CS. However, RA patients carrying the GT genotype
tended to have lower levels of PRL than carriers of the GG
genotype (Fig. 2a, p = 0.872). Similarly, we observed that CS
carrying the TT genotype had lower PRL serum levels com-
pared with the GG genotype carriers (p > 0.05; Fig. 2b).
Regarding PRL mRNA expression (Fig. 2c—d), we found
that RA patients carriers of the GT genotype had lower rela-
tive expression in comparison to the GG genotype carriers,
although the difference did not reach statistical significance
(GG =1 relative unit vs. GT =0.72 relative unit, p =0.640,
Fig. 1c). On the other hand, in CS, GT genotype carriers and
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Table 2 Genotypic and allelic
frequencies of the PRL -1149G>T SNP -1149G>T RA n=300n (%) CS n=300n (%) OR (95% CI) p value
polymorphism among RA
patients and CS Genotype
GG* 265 (88.4) 242 (81.7) 1.0
GT 34(11.3) 48 (16.0) 0.65 (0.40-1.03) 0.069
TT 1(0.3) 10 (3.3) 0.09 (0.01-0.72) 0.004
Allele
G* 564 (94) 532 (89) 1.0
T 36 (6) 68 (11) 0.52 (0.33-0.76) 0.002
Assessed association model
Do
GG* 265 (88.3) 242 (80.7) 1.0
GT+TT 35(11.7) 58 (19.3) 0.55 (0.35-0.87) 0.009
Re
GG+GT* 299 (99.7) 290 (96.7) 1.0
TT 1(0.3) 10 (3.3) 0.09 (0.012—-0.76) 0.011
Ad
GG+GG+GT)* 564 (94) 532 (88.7) 1.0
(GT+TT+TT 36 (6) 68 (11.3) 0.49 (0.32-0.76) 0.001

RA, theumatoid arthritis; CS, control subjects; OR, odds ratio; 95% CI, 95% confidence interval. Percentages were
obtained by count direct. Do, dominant genetic model; Re, recessive genetic model; Ad, additive genetic model

Reference category. p values were calculated by logistic regression comparisons with the reference category and

by Armitage’s trend test

TT genotype carriers had 7.14 and 20-fold lower PRL expres-
sion than GG genotype carriers, respectively (1/0.14 =7.14-
fold; 1/0.05 =20-fold; p < 0.006, Fig. 1d).

Discussion

The etiopathogenesis of RA is partially understood; however,
it is well known that genetic, environmental and hormonal
factors have important roles in disease development. The di-
morphism between gender in autoimmune diseases is believed
to rely on sex hormones [10]. There are many controversies
regarding the role of hormonal factors in the development of
RA. For example, high and very low estrogen exposure has
been associated with increased risk of RA [8]. and this dis-
crepancy could be explained by the dual effects of estrogens
(having both pro- and anti-inflammatory activities) [22], sim-
ilar to the reports regarding PRL in RA patients [23, 24].
PRL is a hormone with bioactive function as a cytokine,
with the capacity to inhibit the negative selection of
autoreactive B lymphocytes, therefore, promoting autoimmu-
nity. Hyperprolactinemia has been described in relation to the
pathogenesis and activity of several autoimmune disorders
[10]. In this study, PRL serum concentrations were significant-
ly higher in the female RA patients when these were compared
to healthy-matched controls. This finding broadly supports the
work of other previous studies [11, 12, 25], suggesting an

increased PRL production, either systemic or locally secreted
by immune cells, in putative relation with disease activity [10];
however, this study has been unable to demonstrate that PRL
serum levels are associated with disease activity, inflammatory
markers, or autoantibodies as reported by others [12, 17, 26],
probably by the fact that most patients in our study were under
DMARD and steroidal therapy (both of which modify these
clinical parameters), which is supported with the overall low
disease activity of the patients (median DAS28 =2.9).

One interesting finding was that early RA patients (less
than 2 years of disease) had higher PRL serum levels than
patients with established RA (more than 2 years of disease).
These results could suggest that PRL may be altered signifi-
cantly early in the development of the disease manifestations,
similar to observations previously reported in human and mu-
rine SLE [16, 27]. This could be one of the reasons why
bromocriptine (a suppressor of PRL secretion) is not effective
as adjuvant therapy of anti-rheumatic drugs in established RA
[28, 29].

In contrast to earlier findings [17], we observed a higher
relative expression of PRL in RA patients than CS (2.4-fold
higher, p <0.001); in this respect, it is the first study reporting
differences at the level of mRNA expression, so we need more
studies that support this finding. However, this result is con-
sistent with reports of high PRL serum levels in RA, which
may indicate that PRL gene is upregulated in RA at both the
transcriptional and translational level.

@ Springer
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Fig. 1 Serum levels and mRNA expression of PRL in RA and CS. a
Prolactin serum levels in RA patients and CS; b PRL serum levels in
RA according to the duration of disease; ¢ Comparison of mRNA
expression of PRL in RA patients and CS. Relative PRL gene
expression was determined by the 2 AAC method using GAPDH as a

Promoter sequences are potential sources of polymorphism
affecting gene expression (at mRNA and protein levels) attrib-
utable to altered transcription factor binding, and this can con-
tribute to the risk of disease. The PRL -1149G>T polymor-
phism in the distal PRL promoter has been associated with RA
in Caucasians from European ancestry [30] and individuals
from Western Mexico [17]. In both populations, this polymor-
phism was in HWE.

In Mexico, most of the populations (> 90%) are Mestizos,
because of admixture after the European contact between
Spaniards, Amerindians, and African slaves, principally. The
Amerindian ancestry distribution displays an opposite pattern
regarding the European ancestry, increasing gradually to the
Southeast and reaching maximum values in Oaxaca and
Guerrero and decreasing northwards [31]. Given the genetic
structure demonstrated among Mestizos from different regions,
the Mexican population harbors rich amounts of genetic vari-
ation that may underlie important biomedical phenotypes [32].

In this studied population (CS from Guerrero), the PRL -
1149G>T polymorphism was not in HWE, which agrees with
the reported by the HapMap-MEX (https:/www.ncbi.nlm.nih.
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reference gene; p value was calculated by comparisons of individuals
relative expression using 229 method. The concentrations of serum
PRL levels were expressed in scatter plots with median (p25—-p75)
values indicated by horizontal lines. Data were compared using the
Mann—Whitney U test

gov/projects/SNP/snp_ref.cgi?rs=1341239). A departure
from HWE can be explained by natural selection, population
admixture, inbreeding, experimental errors, and duplication
[33]; conventionally, SNPs that are significantly deviated
from HWE are discarded before further analysis. However,
it has been estimated that in about 10% of case-control studies
in the biomedical field, the genotype distributions in the
healthy control group violates HWE, thus HWE departures
do not necessarily mean that postulated associations should
be dismissed, but they provide hints at the need for more
evidence and validation [34].

As previously described in the methods section, we re-
genotyped some patients by PCR-RFLPs using internal con-
trols and by sequencing of DNA to exclude genotyping error;
therefore, it seems unlikely that genotyping error is responsi-
ble for the HWE deviation observed in our study.
Interestingly, previous reports including populations from
Guerrero do not report endogamy or consistent Hardy—
Weinberg disequilibrium analyzing Ancestry informativity
markers (AIMS) [35, 36] neither with 15 forensic STR
markers [32].
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Generally, the increased homozygosity is related to in-
breeding [37]; although we recruited unrelated individuals, it
is probably an unnoticed kinship in the population sample due
to the presence of individuals from rural and isolated commu-
nities. In brief, this result suggests inbreeding in some rural
communities of Guerrero, which should be confirmed includ-
ing more markers and a wider population sample.

This study supports evidence from previous reports [17,
30] suggesting associations between the PRL -1149T allele
and decreased RA risk. We found significant differences be-
tween genotypic and allelic frequencies from RA patients and
CS, with a higher frequency of the T allele in the CS. When
the association between a genetic marker and a trait is evalu-
ated in a population-based study, there is rarely a priori bio-
logic evidence supporting a genetic model of inheritance for
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1149G>T genotypes (d), using the 27224 method, and the p value was
calculated by comparisons of individuals relative expression using 24
method. Statistical analysis was performed using the Kruskal-Wallis test
or Mann—Whitney U test when appropriate

the risk/protective allele [38], for this reason, we analyze our
results applying various genetic models of inheritance. The
results were consistent under dominant, recessive, and addi-
tive genetic models (p < 0.05); however, the risk in carriers of
two copies of the T allele was lower than heterozygotes; there-
fore, we propose an additive model (per-allele) for the genetic
effect of this polymorphism in RA.

Moreover, we observed that carriers of the GT or TT PRL
genotype had lower mRNA expression and PRL serum levels
than carriers of the GG genotype; however, these differences
were only significant at the mRNA expression in the CS group
(p=0.006). These data agree with that reported by previous
studies [17, 18] who observed an association of PRL -1149T
allele with lower PRL mRNA expression in healthy subjects.
The lack of correlation of these findings in the RA group could
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be due to the anti-theumatic treatment, disease activity, and/or
pathological condition of this group, which could be minimiz-
ing or masking its effect.

It has been reported that the -1149 position at PRL could be
part of the consensus sequence for a GATA-related transcrip-
tional factor, thus, the T allele could be altering protein-DNA
binding characteristics and acting in an inhibitory mode or
modifying the magnitude of the PRL transcription activation
[18]. Since the high levels of PRL are associated with auto-
immunity and the clinical parameters in RA, this fact would
also explain why the T allele can be a genetic marker of lower
risk to the development of RA.

In conclusion, this study showed that the PRL -1149T allele
is associated with decreased susceptibility to RA in population
from south of Mexico which extends previous findings report-
ed for the Mexican population. The findings of increased PRL
mRNA expression and PRL serum levels in RA patients lead
to the assumption that this hormone may play a role in the
process of joint damage in RA and may favor autoimmunity at
carly stages of RA, as the PRL serum levels were higher in
patients with < 2 years of disease evolution. The association of
PRL -1149T allele as a protective marker for RA could be via
downregulation of PRL promoter, which was reflected in the
lowest PRL expression observed in the T allele carriers.

Further studies are needed to examine more closely the
functional effect of the PRL -1149T allele to support our find-
ings and additional research regarding this topic.
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