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Abstract Rheumatoid arthritis is a clinical autoimmune syndrome that causes joint damage. The positive or
negative anti-cyclic citrullinated protein (CCP) antibodies serodiagnosis differentiates two subsets
of the disease, each with different genetic background. Previous studies have identified associations between
KIR genes and rheumatoid arthritis but not with anti-CCP serodiagnosis. Therefore, we investigated the pro-
portion of patients seropositive and seronegative to anti-CCP and its possible association with KIR (killer cell
immunoglobulin-like receptor) genes. We included 100 patients with rheumatoid arthritis from western Mexico,
who were determined for anti-CCP serodiagnosis by ELISA, and 16 KIR genes were genotyped by PCR-SSP.
The proportion of seropositive anti-CCP patients was 83%, and they presented a higher frequency of KIR2DL2
genes than the seronegative group (73.6% vs. 46.2%, p = 0.044) which, in turn, presented a higher KIR2DL2-/
KIR2DL3+ genotype frequency than the first ones (46.2% vs. 17.2%, p = 0.043). These results suggest different
KIR genetic backgrounds for each subset of the disease according to anti-CCP serodiagnosis.
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Resumen Asociacion del gen KIR2DL2 con anticuerpos proteicos anti-ciclicos citrulinados para el
serodiagndstico de artritis reumatoide. La artritis reumatoide es un sindrome clinico autoinmune
que causa dafio en las articulaciones. El serodiagndstico positivo o negativo para anticuerpos proteicos anti-
ciclicos citrulinados (CCP) diferencia dos subconjuntos de la enfermedad, cada uno con diferente fondo genético.
Estudios previos han identificado asociaciones entre los genes killer cell immunoglobulin- like receptor (KIR) y
la artritis reumatoide, pero no con el serodiagnéstico de anti-CCP. Por lo tanto, investigamos la proporciéon de
seropositividad y seronegatividad anti-CCP y su posible asociaciéon con genes KIR. Se incluyeron 100 pacientes
con artritis reumatoide del occidente de México, a quienes se les determiné su serodiagnéstico anti-CCP por
ELISA y también se les realizé genotipificacion de 16 genes KIR por PCR-SSP. La proporcién de pacientes sero-
positivos anti-CCP fue del 83% y presentaron una mayor frecuencia génica KIR2DL2 que el grupo seronegativo
(73.6% vs. 46.2%, p = 0.044), estos ultimos presentaron mayor frecuencia genotipica KIR2DL2-/KIR2DL3+ que
los primeros (46.2% vs. 17.2%, p = 0.043). Los resultados sugieren diferente fondo genético KIR para cada
subconjunto de la enfermedad, de acuerdo con el serodiagnéstico anti-CCP.
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Rheumatoid arthritis (RA) is a clinical autoimmune
and degenerative syndrome characterized by chronic
synovial inflammation, joint damage, and extra-articular
manifestations. The different subsets of the disease
involve particular inflammatory cascades with presence
or absence of autoantibodies, which, although they may
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converge in a common clinical pathway, promote critical
immunopathological variations that contribute to the het-
erogeneity of RA'3.

Anti-cyclic citrullinated peptides (anti-CCP) are current-
ly the most important autoantibodies in the classification
of RA; their presence is considered an essential autoim-
mune feature that differentiates two subsets of disease:
seronegative and seropositive anti-CCP. Each subtype of
RA involves different molecular mechanisms, prediction
of the course of the disease, response to treatment and
genetic background* 3.
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The etiology of RA is multifactorial, around 50% cor-
responds to genetic factors, which vary according to
different populations. These variations, together with
the socio-environmental factors of each geographical
location, could explain the oscillations of prevalence and
immunopathological heterogeneity, including anti-CCP
serodiagnosis in RA around the world®8.

In autoimmunity, especially in RA, cell populations
have been identified with atypical KIR expression,
however, the underlying immunological mechanisms
are not yet clear. It is estimated that several factors are
involved in these mechanisms, for example: the sur-
rounding microenvironment, cellular phenotypes and KIR
genetic background, which may include (non-Mendelian
inheritance) up to 16 genes: 6 activators (KIR2DS1-5,
KIR3DS1), 8 inhibitors (KIR2DL1-5, KIR3DL1-3) and 2
pseudogenes (KIR2DP1, KIR3DP1)%'1.

Currently, an area of RA research is focused on
identifying genetic markers or genetic backgrounds to
distinguish different subsets and stages of the disease.
However, the immunological implication derived from KIR
genetic differences between each subtype or stage of the
disease is not yet clear. In this study, we aimed to identify
if the anti-CCP serodiagnosis is associated with KIR genes
in RA patients from western Mexico.

Materials and methods

One hundred unrelated patients from western Mexico were
included, all previously classified as RA by rheumatologist
physicians according to the American College of Rheumatol-
ogy and European League Against Rheumatism (ACR-EULAR)
2010 criteria' '3. They were recruited from the Rheumatology
Department of the OPD Hospital Civil de Guadalajara “Fray
Antonio Alcalde”, Guadalajara, Mexico. Anti-CCP antibodies
levels in serum were assessed with a second-generation
semiquantitative enzyme-linked immunosorbent assay (ELISA)
kit (Axis-Shield Diagnostics Limited, Dundee, Scotland). The
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immunoassay was performed following the manufacturer’s in-
structions and was considered seropositive when the anti-CCP
antibodies titers were higher than 5 U/ml. Genomic DNA was
extracted from peripheral blood leukocytes using the salting-
out method'. KIR genotyping to identify presence or absence
of 16 KIR genes was performed using PCR-SSP according to
conditions previously described'. The KIR gene frequencies
and genotypes were determined by direct counting.

Differences in KIR gene and genotype frequencies between
RA patient subsets were assessed with the chi-squared test
(Yates correction was considered when necessary); in both
the OR and the 95% Confidence Interval (Cl) were calculated
with Cornfield method, statistical significance was considered
when p < 0.05. The results are shown in frequencies, mean
and standard deviation. Data processing was performed using
Epidat software, v3.1, developed by the Conselleria de Sani-
dade de la Xunta de Galicia with the support of PAHO-WHO.

The committee of biosecurity and ethics of Centro Univer-
sitario de Ciencias de la Salud, Universidad de Guadalajara,
approved the present study. All patients were under pharma-
cology treatment, and they gave written informed consent,
in compliance with The Code of Ethics of the World Medical
Association, Declaration of Helsinki, 2013.

Results

A total of 100 RA patients were included, their anti-CCP
serodiagnosis was determined and, based on it, they
were classified in two RA subgroups: anti-CCP seroposi-
tive and anti-CCP seronegative (87 vs.13, respectively):
Demographic characteristics: age, gender, family history
of autoimmunity, duration of the disease, DAS28 and HAQ
were similar (Table 1).

Both groups showed similar frequencies of KIR genes,
except for the KIR2DL2 gene, where the frequency was
higher in anti-CCP seropositive than in anti-CCP sero-
negative patients (73.6% vs. 46.2%, p = 0.044). It is
important to note that only the subgroup of seronegative
patients presented a 100% frequency in all genes reading
frame: 2DL4, 3DL2-3, 2-3DP1 and 2DL1 (Table 2).

TABLE 1.— Demographic and clinical characteristics according to anti-cyclic
citrullinated protein serodiagnosis of rheumatoid arthritis patients

Characteristics Anti-CCP+ RA Anti-CCP- RA
n=87 n=13
Age, years 47 + 13.6 56 + 16.5
Gender (F/M) 77/10 121
Family history of autoimmunity 57.5% 53.8%
Disease duration, years 8.7 +8.2 11.2 + 135
DAS28 43+1.3 46 +1.3
HAQ 0.7+ 0.5 1+05

RA: rheumatoid arthritis; CCP: cyclic citrullinated protein; anti-CCP+/- RA: anti-CCP seropositive
patients or RA anti-CCP-seronegative patients; DAS28: 28-joint disease activity score-erythrocyte
sedimentation rate; HAQ: Spanish version of the Health Assessment Questionnaire
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The KIR2DL2/L.3 genotypes frequencies were based
on the presence or absence of these KIR genes in both
groups of patients. We found a higher frequency of
KIR2DL2-/L3+ genotype in anti-CCP seronegative pa-
tients, compared with those anti-CCP seropositive (46.2%
vs. 17.2%, p = 0.043), whereas KIR2DL2+/L3+ was the
second most frequent genotype in seronegative but the
most frequent in seropositive patients (Table 3).

Discussion

The association of KIR genes in different autoimmune
processes is evident, especially in RA'®22, However, its im-
munological participation, in particular in the production of
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autoantibodies, is still under study. Some research studies
have found genetic differences between anti-CCP positive
and anti-CCP negative subsets in RA, which could have
immunological implications through poorly understood
mechanisms?® 8 2326,

In this study, we evaluated if KIR genes are associ-
ated with anti-CCP serodiagnosis in RA patients from
western Mexico. Our results show a proportion of 87% of
seropositive anti-CCP patients, a percentage similar to
other published? 2728, The seropositivity to autoantibod-
ies is an important factor that must be considered in the
management of the RA patients since studies have shown
their good performance in diagnosis and clinical impact
as a lung involvement and pro-inflammatory profile in
neutrophils 2°-31,

TABLE 2.— Killer cell immunoglobulin-like receptor gene frequencies according to anti-cyclic citrullinated
protein serodiagnosis in rheumatoid arthritis patients

KIR Anti-CCP+ RA Anti-CCP-RA p OR 95% Cl
gene n =287 n=13

3DL1 98.9 (86) 92.3 (12) NS

2DLA1 95.4 (83) 100 (13) NS

2DL3 79.3 (69) 76.9 (10) NS

2DS4 97.7 (85) 84.6 (11) NS

2DL2 73.6 (64) 46.2 (6) 0.044 3.25 1.08-10.25
2DL5 46 (40) 53.8 (7) NS

3DSH1 37.9 (33) 30.8 (4) NS

2DS1 40.2 (35) 46.2 (6) NS

2DS2 57.5 (50) 38.5 (5) NS

2DS3 19.5 (17) 15.4 (2) NS

2DS5 34.5 (30) 46.2 (6) NS

2DL4 100 (87) 100 (13) NS

3DL2 100 (87) 100 (13) NS

3DL3 100 (87) 100 (13) NS

2DP1 96.6 (84) 100 (13) NS

3DP1 100 (87) 100 (13) NS

KIR: killer cell immunoglobulin-like receptor; CCP: cyclic citrullinated protein; RA: rheumatoid arthritis; NS: not significant; Cl:
confidence interval; OR: odds ratio; Anti-CCP+/- RA: anti-CCP seropositive patients or RA Anti-CCP- seronegative patients

TABLE 3.— Killer cell immmunoglobulin-like receptor genotypes frequencies according to anti-cyclic
citrullinated protein serodiagnosis in rheumatoid arthritis patients

Genotype KIR genes Anti-CCP+ RA Anti-CCP- RA p OR 95% ClI
2DL2 2DL3 n =87 n=13

| + + 62.1 (54) 30.8 (4) NS

Il + - 11.5 (10) 15.4 (2) NS

I} - + 17.2 (15) 46.2 (6) 0.043 0.24 0.07-0.79

I\ - - 9.2 (8) 7.7 (1) NS

KIR: Killer cell immunoglobulin-like receptor; CCP: cyclic citrullinated protein; RA: rheumatoid arthritis; NS: not significant; ClI:
confidence interval; OR: odds ratio. Anti-CCP+/- RA: anti-CCP seropositive patients or RA Anti-CCP-seronegative patients
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We also identified the association of KIR2DL2 with
seropositive anti-CCP in RA. According to the above
and with the previously published data, it seems that
the KIR2DL2 gene is involved in the immunopathology
of RA'® 8 extra-articular manifestations?, response to
anti-TNF and methotrexate therapy'” '® and, also, with
anticardiolipin antibodies in patients with systemic lupus
erythematosus®. Even autoantibodies against KIR recep-
tors have been found in autoimmune processes®. It has
also been observed an association of KIR2DS4full with
poor response to methotrexate4. In Mexico, differences
have been identified in the frequencies of KIR2DS4 gene
variants (full and deleted) between the western and south-
ern regions of the country; the KIR2DS4del variant is more
frequent in the west. These differences are related to the
genetic admixture in both regions®.

Several studies have shown that the various clinical
manifestations of RA, extra-articular disease, vasculi-
tis, bone erosion, disease activity, can be triggered by
different immunological profiles, supported by different
genetic backgrounds® % %7, These differential genetic
characteristics of each clinical subgroup of RA in a spe-
cific geographic context, are derived from unequal ethnic
distributions according to evolutionary genetics and endow
the population of Western Mexico with specific, but not
exclusive, genetic predisposition and protection factors
to diseases® .

Studies have revealed that the expansion of
CD4+CD28null lymphocytes is a strong subclinical
marker for systemic complications in RA%®, however, it is
unknown whether this association with the cell subpopu-
lation with KIR expression is maintained and whether its
immunophenotypes influence the production of anti-CCP.
A decrease in CD56dim NK cells has also been observed
in seropositive anti-CCP patients, which suggests an in-
teraction between auto-antibodies and CD16, so further
studies are necessary to identify the KIR expression in
this cell population, and its underlying genotypes, to clarify
whether KIR plays a role in the functional mechanisms
associated with this cellular degeneration®.

There are several —and not exclusive— hypothetical
mechanisms: decrease in the activation threshold of
NK cells®, increase of CD4* and CD8*CD40L* T cells*"
42_All the cell populations described above can express
KIR2DL2/L3 inhibitors and activate B cells and osteo-
clasts, and these, in turn, activate more CD4/CD8 T cells
perpetuating the inflammatory process and probably the
production of antibodies '* >4, However, the information is
insufficient to clarify the function of KIR2DL2/L3 expressed
in NK cells and T cells of RA patients*®.

Another significant finding in our study was the in-
creased frequency of KIR genotype KIR2DL2-/KIR2DL3+
in anti-CCP negative patients compared with the anti-CCP
positive. KIR2DL3 gene is associated with RA protection®
19.47 ‘put its presence in RA patients is associated with anti-
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CCP negative status only if KIR2DL2is absent. According
to previous study results, systemic lupus erythematosus
patients seronegative to anticardiolipin antibodies have
higher frequencies of the KIR2DL3 gene than seroposi-
tive patients®2.

These results suggest that the presence of the KIR2DL2
gene is associated with seropositive anti-CCP and its
absence, in addition to the presence of the KIR2DL3
gene (KIR2DL2-/L3+), with seronegative RA. This sup-
ports the hypothesis that the RA subtypes, according to
the anti-CCP serodiagnosis, have different KIR genetic
background that contributes to the clinical heterogeneity
of the disease.

The present study did not consider the study of KIR
expression in cell populations, nor the effect of pharmaco-
logical treatment on anti-CCP levels. In this regard, there
are studies that differ in the reported effect according to
the pharmacological strategies of monotherapy, comple-
mentary or biological used, as well as to the antibody
determination techniques*® .

Taking into account the reports that associate phar-
macological treatment with reduction in anti-CCP levels,
in patients with decreased activity of the disease*® %° and
considering that both groups of patients in our study,
showed on average DAS-28 scores within the range of
moderate activity (DAS28: 3.2-5.1), a considerable dura-
tion of the disease (more than 8 years), and without bio-
logical therapy (only traditional pharmacological treatment:
methotrexate-corticosteroids), we can expect an inevitable
but moderate statistical bias in our results.

However, and because it is unacceptable profession-
ally to carry out longitudinal studies with virgin patients to
treatment, the development of studies that help to clarify
the effects and molecular mechanisms of the various
pharmacotherapies on the generation of autoantibodies
in autoimmune processes (and of associated genetic
factors) is imperative.

In conclusion, this work represents an approximation
in the identification of KIR gene associations with anti-
CCP serodiagnosis in RA patients from western Mexico.
However, more robust basic and clinical studies are
needed that consider biochemical, socio-environmental
parameters, evolution of the disease and response to
treatment, to clarify the role of KIR genes in the improve-
ment of clinical management of RA patients.
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La Cloud Appreciation Society es una asociacion fundada en 2005 por Gavin Pretor-
Pinney en Gran Bretafia, que promueve la comprension y el aprecio por las nubes.
Cuenta con mas de 46 000 miembros en 120 paises. La organizacion sefiala que las
nubes son para los sonadores y que su contemplacién beneficia el alma humana. La
portada muestra una de las fotografias: Fusilli pasta, tomada por el fotografo Fabian
Klenk y extraida con el permiso de su autor del libro de la sociedad: A pig with six legs
and other clouds, editado por Gavin Pretor-Pinney, 2007.

Fuente: http:// www.cloudappreciationsociety.org



