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Abstract
Rheumatoid arthritis (RA) is an autoimmune disease characterized by an inflammatory process that affects mainly synovial tissue in
joints, and by the production of cyclic citrullinated peptides (anti-CCP) antibodies. In the inflammatory process the regulation of the
nuclear factor kappa B (NFkB) transcription factor activation is a key point in the production of inflammatory cytokines. On the other
hand, polymorphisms in several genes could contribute to the promotion of the inflammatory process observed in RA, and the
association of the rs28362491 polymorphism in the NFkB gene with RA has been studied in different population. Therefore, it could
be one of the interest targets to analyze their association with RA in a Mexican population.
This is a case-control study to determine the influence of rs28362491 in the NFkB gene on RA and on clinical features of this

disease, such as anti-CCP antibody levels, Disease Activity Score, and Health Assessment Questionnaire-Disability Index.
The genotype of rs28362491 in the NFkB gene was determined in 140 RA patients and 135 healthy controls using the polymerase

chain reaction-restriction fragment length polymorphism method with the enzyme PflMI. The following clinical variables were also
determined: anti-CCP levels, Disease Activity Score, and Spanish version of the Health Assessment Questionnaire Disability-Index.
Although no association of the polymorphism as a risk/protection factor with RAwas found, the RA patients who carried the Ins/Ins

genotype showed higher anti-CCP levels, while those with the Del/Del genotype showed higher Spanish version of the Health
Assessment Questionnaire-Disability Index levels, compared to the other genotypes.
The NFkB -94 Ins/Del ATTG (rs28362491) polymorphism is, therefore, associated with higher levels of anti-CCP antibodies,

though no significant association as a risk or protection factor in RA cases was identified.

Abbreviations: anti-CCP = anti-cyclic citrullinated peptides, DAS28 = Disease Activity Score, HAQ-DI = Health Assessment
Questionnaire-Disability Index, NFkB= nuclear factor kappa B, OR= odds ratio, PCR= polymerase chain reaction, RA= rheumatoid
arthritis.
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1. Introduction
Rheumatoid arthritis (RA) is an autoimmune disease character-
ized by chronic inflammation in the synovial tissue of joints.[1]

RA affects approximately 1% of the world’s population, but
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prevalence in Mexico is around 1.6%.[2] The activity of this
disease can be evaluated using the Disease Activity Score
(DAS28)[3] and the severity by the Health Assessment Question-
naire-Disability Index (HAQ-DI).[4]
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Although the etiology of RA remains unknown, genetic and
environmental factors have been shown to be involved in disease
development.[5] Therefore, these factors could be implicated, as
well, in the loss of immunological tolerance that leads to the
production of anti-cyclic citrullinated peptides (anti-CCP) and
rheumatoid factor antibodies,[5] two of the main serological
characteristics of RA.
Various studies have successfully identified alleles that govern

RA susceptibility, especially genetic variants in the major
histocompatibility complex,[6] though a contribution of other
genetic polymorphisms to signal transducer factors, cytokines,
and other receptor genes has also been associated with RA.[7]

Signal transduction pathways provide an intracellular mecha-
nism through which cells respond and adapt to environmental
stress.[8] One of the intracellular signaling pathways that shows
high activity in RA synovial joints is the nuclear factor kappa B
(NFkB), which is involved in regulating proinflammatory
cytokine production.[9] The NFkB family plays a central role
in inflammation because its members can induce the expression of
various proinflammatory cytokines.[10,11]

The nuclear factor NFkB pathway has been considered a
proinflammatory signaling pathway because of its involvement in
the expression of proinflammatory genes, including cytokines,
chemokines, adhesion molecules, cyclooxygenase (Cox), and
inducible nitric oxide synthase (iNOS).[12]

The NFkB1 gene is located on the 4q21 chromosome. The -94
Ins/Del ATTG (rs28362491) polymorphism is situated in the
promotor region of the NFkB1 gene and is a functional
polymorphism. Studies have described that the Ins allele induces
a higher expression of NFkB1 compared to the Del allele.[13]

NFkB is also overexpressed in the synovia of RA patients.[12]

The uncontrolled activation of the NFkB signaling pathway
has been involved in promotion of the inflammatory response in
different autoimmune disease.[14–17] The association of the
rs28362491 in the NFkB gene with RA has been reported by
different groups with contradictory results,[18–20] in where the
minor allele appears to be dependent of the studied population,
and the association of this polymorphism on the clinical features,
such as DAS28 and HAQ-DI, have showed also different results.
Describing new susceptibility biomarkers for RA in different

populations is important because of their potential usefulness for
early diagnosis and in evaluating treatment response in RA
patients. In this context, NFkBmay be a good candidate due to its
involvement in the pathogenesis of RA. The aim of this study,
then, was to determine the influence of rs28362491 onRA and on
the clinical features of this disease, such as anti-CCP antibody
levels, DAS28, and HAQ-DI.
2. Materials and methods

2.1. Patients and controls

A total of 140 consecutive blood samples from RA patients
diagnosed according to the American College of Rheumatology/
European League against Rheumatism 2010 criteria in
the Rheumatology Clinic of the Internal Medicine Service at
the Instituto Mexicano del Seguro Social were included in the
analysis. DAS28-C reactive protein and HAQ-DI were deter-
mined by a qualified rheumatologist. The control group consisted
of 135 unrelated healthy subjects, controlling similar proportion
of age and gender to those of case group. Sample size was
determined using the EpiDAt v4.1 developed by the Consellería
2

de Sanidade de la Xunta de Galicia with the support of PAHO-
WHO, considering an odds ratio (OR)=2.0, 95% confidence,
and 80% power.
All subjects were residents of Nayarit, Mexico, 18years old or

older, with no other rheumatic or inflammatory diseases, and gave
their written consent in accordance with the Helsinki Declara-
tion.[21] The study was approved by the local ethics committee
from InstitutoMexicano del Seguro Social, Tepic Nayarit Mexico
(protocol number: 1802 approved on March 25, 2013).
2.2. Anti-CCP antibody levels

Anti-CCP antibody levels were determined by enzyme-linked
immunosorbent assay, as outlined in Duran-Avelar et al.[22]
2.3. Genotyping of the rs28362491

Genomic DNA was obtained using the Easy-DNA kit (Invi-
trogen) following the manufacturer’s instructions. The genotype
of each sample was obtained by polymerase chain reaction
(PCR)-restriction fragment length polymorphism, according to
the method originally described by Senol Tuncay et al[12] with a
few modifications. Every reaction was performed with 0.5mMof
each primer –forward: 50-TGGGCACAAGTCGTT TATGA-30

and reverse: 50-CTG GAG CCG GTA GGG AAG-30– 0.5mM of
dNTPs, 2mM of MgCl2, 2.5mL of PCR 10� buffer, 2U of Taq
polymerase (Invitrogen), and 200ng of DNA, in a final volume of
25mL. The thermocycler program was set at 30seconds at 98°C,
40 cycles of 5seconds at 98°C, 5seconds at 65°C, and 5seconds at
72°C, followed by a final extension of 5minutes at 72°C. The
expected size of the PCR product was 285/280bp for the Ins/Del
alleles.
The polymorphism was detected using 5mL of the PCR

product, digested with 3U of the PfIMI (Takara) enzyme and left
overnight at 37°C. The digestion products were observed in a 2%
agarose gel. The Ins allele (exscinded by PfIMI) appeared at 45
and 245bp, the Del allele at 280bp.
2.4. Statistical analyses

Risk estimation was calculated by determining the OR and the
95% confidence interval of the OR (95%CI) using the WinEpi
tool (http://www.winepi.net). The Hardy-Weinberg equilibrium
was determined by a chi-square test. The comparison of anti-
CCP, DAS28, and HAQ-DI levels in RA patients grouped
according to their rs28362491 genotype was done with the
Kruskall-Wallis test with 95% confidence.
3. Results

Table 1 shows the characteristics of the subjects included in the
study. Most of the RA patients and controls were female (91.4
and 95.4%, respectively).
After genotyping, risk estimation was determined in distinct

genetic models. As Table 2 shows, no significant association of
the rs28362492 with RA was found in the genetic models
analyzed.
Considering that the rs28362492 is a functional polymor-

phism, we tested whether some of its genotypes could be
associated with lower or higher levels of anti-CCP, DAS28, or
HAQ-DI. The RA patients with the Ins/Ins genotype showed
higher anti-CCP levels than those with the Ins/Del and Del/Del

http://www.winepi.net/


Table 1

Clinical features of patients and controls.

RA patients Controls

N (F/M) 140 (128/12) 135 (129/6)
Age (M±SD) 49.4±11.31 43±13.8
Anti-CCP-n (%) 37 (26.4)

∗

Anti-CCP+n (%) 103 (73.6)
∗

Anti-CCP† (U/mL)= 126.04±584.08
∗

DAS28† 4.2±1.8
∗

sHAQ-DI† 1.0±0.6
∗

Anti-CCP = anti-cyclic citrullinated peptides, DAS28 = Disease Activity Scores using 28-joint counts,
RA = rheumatoid arthritis, sHAQ-DI = Spanish version of the Health Assessment Questionnaire
Disability Index.
∗
Not done.

†Mean±SD.
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genotypes (P= .043 and .014, respectively [Fig. 1A]). RA patients
with the Del/Del genotype, meanwhile, showed significantly
higher HAQ-DI values than those of the patients with the Ins/Ins
or Ins/Del genotypes (P= .0245 and .0028, respectively, Fig. 1C).
No association of the different genotypes with DAS28 was found
(Fig. 1B).

4. Discussion

RA is a multifactorial autoimmune disease characterized by a
chronic inflammatory process[7] in which cytokines such as
TNFa, IL-1, and IL-6 are involved and induce activation of the
NFkB transcription factor.[11,23] The NFkB -94 Ins/Del ATTG
polymorphism (rs28362491) has been associated with various
inflammatory diseases, including cancer[24] and several autoim-
mune diseases.[25]

In this study of a Mexican population, we did not find an
association of rs28362491 with RA. These results agree with
those of Bogunia-Kubik et al,[18] Gębura et al,[26] and Gomes da
Silva et al,[27] who also failed to determine an association of
rs28362491 with RA in Polish and Brazilian populations,
respectively, though Elkhawaga et al[20] reported that the Del/Del
genotype was associated as a risk factor for RA in an Egyptian
population. This polymorphism, in particular the Ins allele, has
also been associated with other inflammatory diseases, such as
Behçet disease[28] and psoriasis,[29] while the Ins/Ins genotype has
been associated with a higher risk of developing colorectal
cancer.[30]

Our next step consisted in analyzing the levels of anti-CCP
antibodies in RA patients grouped according to their rs28362491
Table 2

Association of the -94 Ins/Del ATTG (rs28362492) with rheumatoid ar

Freque

Genetic model Genotype RA patients

Co Del/Del 44
Ins/Del 84
Ins/Ins 12

Do Del/Del 44
Ins/Del+Ins/Ins 96

Re Ins/Ins 12
Ins/Del+Del/Del 128

Additive Ins 108
Del 172

CI95% = confidence interval, Co = codominant, Do = dominant, OR = odds ratio, RA = rheumatoid
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genotypes. As Figure 1 shows, patients with the Ins/Ins genotype
had higher anti-CCP levels than those with the Del/Del (P= .043)
or Ins/Ins genotypes (P= .014). Studies have reported that the Ins
allele increases expression of NFkB[13] so, given that NFkB
regulates numerous pro-inflammatory cytokines (including TNF-
a, IL-1b, IL-6, or IL-7 involved in the activation and recruitment
of inflammatory cells[18]), this inflammatory environment could
lead to non-specific citrullination[31] that promotes the produc-
tion of anti-CCP antibodies in RA patients. Moreover, NFkB has
been also involved in dendritic, B and T cell activation,[17] and B
cells play an important role in RA, because of the production of
anti-CCP antibodies.[32] Therefore, the association of the
rs28362491 polymorphism in the NFkB gene with anti-CCP
antibody levels observed could be explained through the
influence of the NFkB on IL-6 production, non-specific
citrullination and B cell activation. However, it has been also
reported not association of this polymorphism with anti-CCP in
Egyptian population,[19] suggesting that heterogeneity in differ-
ent populations could affect the influence of this polymorphism
on anti-CCP in RA.
Upon comparing the HAQ-DI values in RA patients grouped

according to their rs28362491 genotype, those that carried the
Del/Del genotype showed the highest levels, compared to those
with the Ins/Del and Ins/Ins genotypes (P= .0028 and .0245,
respectively). In concordance with our results, Elkhawaga et al[20]

reported that this polymorphism was associated with disease
severity and progression in RA patients in Egypt. However, no
association of this polymorphism with DAS28 or HAQ was
determined in a Brazilian population.[27]

Regarding the association of this polymorphism with DAS28
scores, we did not find any association, according to Gomes da
Silva et al,[27] who reported no association of this polymorphism
with DAS28 in a Brazilian population. Contrasting our results,
Elkhawaga et al[20] reported association of this polymorphism
with DAS28 and disease progression, however, they included RA
patients not receiving synthetic or biological disease-modifying
anti-rheumatic drugs.
Some limitation in the study such as the onset and treatment,

that could affect the progression and severity of the disease, that
were not controlled variable in this study.
This study suggest that the -94 ATTG polymorphism could be

associated with RA thought the production of anti-CCP
antibodies, however, it is important to consider the heterogeneity
of the population and explore this association in a prospective
study to confirm this conclusion.
thritis.

ncy

Controls OR (CI95%) P

43 ref
73 0.6172 (0.2675–1.4241) .2560
19 1.1245 (0.6656–1.8999) .6608
43 1.0198 (0.6128–1.6970) .9399
92
19 0.5724 (0.2663–1.2302) .1492
116
111 1.1118 (0.7901–1.5645) .5430
159

arthritis, Re = recessive.
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Figure 1. Influence of the rs28362491 polymorphism on (A) anti-CCP antibody
levels; (B) DAS28; and (C) sHAQ-DI, in RA patients grouped according to their
genotype. Comparison performed with the Mann-Whitney U test. Anti-CCP =
anti-cyclic citrullinated peptides, DAS28 = Disease Activity Score, RA =
rheumatoid arthritis, sHAQ-DI = Spanish version of the Health Assessment
Questionnaire Disability Index.
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5. Conclusions

In conclusion, the NFkB -94 Ins/Del ATTG (rs28362491)
polymorphism is associated with higher levels of anti-CCP
antibodies, though no association with RA as a risk or protection
factor was found.
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