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Abstract: The pathogenesis of Rheumatoid Arthritis (RA) is not fully understood, probably influenced
by genetic and environmental factors. Interstitial Lung Disease (ILD) is an extra-articular manifestation
of RA, which contributes significantly to morbidity and mortality. The identification of anti-HLA
antibodies has been useful in the transplantation field; however, its contribution to autoimmune
diseases as RA has not been fully studied. We aimed to determine the presence of anti-HLA antibodies
in RA patients with and without ILD and its possible association with clinical and biochemical markers.
One-hundred and forty-seven RA patients, of which 65 had ILD (RA-ILD group), were included.
Sera samples for Anti-HLA Class II LABScreen panel-reactive antibodies (PRA) were analyzed. In both
groups, women predominated, and lung function was worse in patients with ILD. The anti-CCP+

(UI/mL) was higher in the RA group in comparison to RA-ILD (p < 0.001). Expositional risk factors
(tobacco smoking and biomass-burning smoke) were higher in RA-ILD patients. PRA+ was identified
in ~25% RA-ILD patients, while ~29% in the RA group. The CRP levels have a positive correlation
with the percentage of reactivity (%PRA, p = 0.02, r2 = 0.60) in the RA-ILD group. In conclusion,
anti-HLA antibodies correlate with C-reactive protein levels in RA patients with ILD.

Keywords: anti-HLA antibodies; panel-reactive antibodies; C-reactive protein; rheumatoid arthritis;
interstitial lung disease; anti-CCP+; PRA

1. Introduction

Rheumatoid Arthritis (RA) affects approximately 1% of the population worldwide. It is
an inflammatory and autoimmune disease associated with joint destruction, and this can develop
extra-articular complications [1,2]. Some extra-articular manifestations of RA include subcutaneous
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nodules, scleritis, and Interstitial Lung Disease (ILD), affecting the lung parenchyma [3,4],
which contributes significantly to the morbidity and mortality of affected patients [5,6].

The pathogenesis of RA is not fully understood; the participation of genetic and environmental
factors has been proposed. Among genetic factors are several alleles of the Human Leukocyte Antigen
(HLA) system [7]. The HLA genomic region, located in chromosome 6 (6p21.3), is highly polymorphic,
containing about 220 genes, many of which have immunoregulatory functions. The class I contains
the classic genes HLA-A, -B, and -C, while HLA class II comprises the HLA-DRB1, -DPB1 and -DQB1
genes, encoding the β chain of proteins that are expressed as HLA antigens in specialized human
cells [8]. The HLA-DRB1*04 allele is the most replicated in association studies with the development of
this disease [9].

The HLA has the task of recognizing the self from non-self-antigens; however, in RA, the immune
system fails, and instead of reacting only against foreign antigens, it acts by attacking the joints,
producing the characteristic phenomenon of autoimmunity [10]. This autoimmune reaction causes
severe damage to other organs, which is caused by the generation of antibodies. The humoral
response has been strongly related to anti-HLA Class I and Class II antibodies and is related to damage
mechanisms linked to the endothelium and complement activation [11].

The generation of anti-HLA antibodies is due to different conditions, such as those that
have a pathological origin (multiple blood transfusions, kidney, and other organ transplants) [12].
Some studies have found that anti-HLA antibodies, a product of blood transfusion, increases the risk
of lung injury and is one of the causes of transfusion-related mortality [13]; moreover, they can also
be considered as a product of common physiological conditions (maternal-fetal alloimmunization
in multiparous women) [14,15], resulting in microchimerism, which is the persistence of foreign
cells in an individual [16]. Recently, some studies have described microchimerism as a possible
genetic contribution to autoimmune diseases such as systemic sclerosis, where one of the causes
could be exposure of the maternal immune system to allogeneic antigens on fetal microchimeric
cells, which would produce cytotoxic antibodies [17,18]. Antibodies against HLA antigens are
frequently detected in the sera of women and increase during parity [13,19]. Pregnancy can also have
important implications for an autoimmune disease such as systemic lupus erythematosus (SLE) and RA,
with women having a much higher risk of a RA diagnosis during and following their childbearing
years [19,20].

The RA diagnosis is based on clinical manifestations, radiological, and laboratory parameters,
including anti-cyclic citrullinated peptide antibodies (anti-CCP) and rheumatoid factor (RF) detection.
Inflammatory markers such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)
can serve to follow the illness progress [21]. CRP is an indicator parameter of inflammatory activity in
the acute phase. It is employed to control the response to treatment in RA patients [22]; however, it is
not specific since it is affected by numerous factors [23–25].

The anti-HLA antibodies detection is accomplished in the organ transplants’ field; however,
its participation in autoimmune diseases has not been thoroughly studied and could help to understand
the mechanism of disease and development of complications. Therefore, we aimed to determine
the presence of anti-HLA antibodies in patients with rheumatoid arthritis with and without ILD and its
possible association with clinical and biochemical markers.

2. Materials and Methods

2.1. Study Population

A case-control study, including 147 subjects diagnosed with RA, was designed; Sixty-five patients
having ILD, were included. All of them recruited from the Interstitial Lung Disease and Rheumatology
Unit at the Mexican Instituto Nacional de Enfermedades Respiratorias Ismael Cosio Villegas (INER)
in Mexico City. All patients with RA met the American College of Rheumatology (ACR/EULAR
2010) [21], and Thoracic Society/European Respiratory Society (ATS/ERS) criteria [26]. The disease
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activity was evaluated by Simplified Disease Activity Index (SDAI) that include C-reactive protein
(mg/dL) as well as the patient’s global assessment of health on a 10 cm visual analogue scale
(PrGA = provider global assessment of disease activity and PtGA = patient global assessment of disease
activity) [27]. The RA-ILD diagnosis was assessed by the presence of typical features in the lung by
high-resolution chest tomography. Clinical and radiological data from medical records were obtained.
The pulmonary function test (spirometry was performed to evaluate forced expiratory volume in
the first second (FEV1), forced vital capacity (FVC), and the FEV1/FVC ratio. The values were expressed
as a percentage and an FVC < 80% was defined as a restrictive pattern. Levels above 30 UI/mL of
anti-CCP and 20 UI/mL of RF, respectively, were regarded as positive.

2.2. Ethics Statement

The Institutional Committees for Research, Biosecurity, and Ethics in Research of the Instituto
Nacional de Enfermedades Respiratorias Ismael Cosío Villegas (INER) approved this study (approbation
codes: B20-15 and C08-15). All participants authorized and signed the corresponding informed consent.

2.3. Anti-HLA Antibodies Detection

Sera samples from peripheral blood from 147 patients through venipuncture were obtained.
Samples processing began with centrifugation for 5 min at 4500 rpm to separate the serum of the whole
blood. Anti-HLA Class II LABScreen panel-reactive antibodies (PRA) detection was done according
to manufacturers’ indications. The PRA test is based on a microsphere-based multiple fluorescence
immunoassay using the Luminex platform, used to detect anti-HLA antibodies in response to organ
transplantation [28,29]. Briefly, samples were analyzed for Anti-HLA Class II LABScreen PRA
(One Lambda, West Hills, CA, USA). 20 µL of serum was incubated with the beads for 30 min at room
temperature in the darkness. The beads were washed three times with 1X wash buffer, and 100 µL goat
anti-human IgG conjugated with R-Phycoerythrin (PE), and diluted 1:100 in 1X wash buffer, was added.
After the 30 min incubation step at room temperature in the darkness, finally, buffer PBS 1X was added.
Samples were analyzed using the LABScan™ 100 (Luminex® 100, Austin, TX, USA) system. The data
obtained were analyzed by using HLA Fusion™ 4.0 Software (One Lambda, West Hills, CA, USA) [30].

2.4. Statistical Analysis

Categorical variables were described with numbers and percentages, and continuous variables
with median and minimum-maximum (Min-Max) values. The differences in the characteristics of
the patients were analyzed using the Mann–Whitney U test, the χ2 test using 2 × 2 contingency
tables, and correlation analyses using the Pearson correlation test. Statistical significance was defined
as p < 0.05. The statistical analyses were performed using R Studio v. 3.6.1. (R Core Team, Vienna,
Austria) [31] and Epi-Info v.7.2.2.6 (CDC, Atlanta, GA, USA) [32].

3. Results

The current study included 147 patients divided into two groups: one with a diagnosis of RA-ILD
(n = 65) and another only with RA (n = 82). After the PRA test was performed, the number of patients
who tested positive were: RA-ILD (n = 16) and RA (n = 24). See Figure 1.

The percentage of women in the study groups exceeded 50.0%, being the RA-ILD group, where
the lowest percentage (53.0%) was found compared to the RA group with 81.0 % (p = 0.002). In the age
of diagnosis of RA, again, the RA-ILD group was the group that distinguished itself from the rest by
including the older participants compared to the RA group (p = 0.001). As for data of the SDAI, patients
with RA had higher articular disease activity in comparison with the patients who had a diagnosis
of RA-ILD; however, there were no statistically significant differences between groups of patients:
RA-ILD (SDAI = 28.10) vs. RA (SDAI = 32.25). See Table 1.
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Figure 1. Sera panel-reactive antibodies (PRA) analysis included samples from the 147 Rheumatoid
Arthritis (RA) patients (with or without Interstitial Lung Disease (ILD)) for the LABScreen system.

Regarding anti-CCP antibodies, in the RA group, 95.2% of the patients were positive compared to
the RA-ILD group where 83.1% were positive (p > 0.05); however, in the titers’ (UI/mL) comparison,
the RA group showed a marked increase concerning the RA-ILD group (p < 0.001). In the opposite
way, with the RF, the highest levels were found in the group of patients who had RA-ILD, where
the percentage of positive patients reached > 90.0% (information available in Figure S1). Regarding
the CRP values, the RA-ILD group had higher levels compared to the group patients diagnosed only
with RA (1.56 mg/dL vs. 1.40 mg/dL). Regarding the ESR, the patients with ILD (32 mm/h) presented
higher values than patients with only RA (26 mm/h), however, for both parameters there were no
statistically significant differences found (Table 1).

In the lung function analysis, the RA-ILD group had a lower FEV1 with a value of 66% compared
to the RA group (81%). Regarding lung function values, a significant difference was detected between
groups, as revealed by the values of FEV1, FVC, and the FEV1/FVC ratio (p < 0.001). See Figure S2.

Concerning tobacco smoking and biomass-burning smoke exposition, the highest exposure rates
were in the RA-ILD group. The exposure of organic and inorganic compounds was higher in patients
with ILD. Table 1 shows the characteristics of the groups.

In this study, all the patients (with or without ILD) received disease-modifying antirheumatic
drugs (DMARD) as a first-line treatment, the percentage treated with Methotrexate was higher than
90.0%. Additionaly, Leflunomide, in the RA-ILD group had a higher percentage (42.9%) compared
to the RA group (28.2%). For the proportion of patients who had Sulfasalazine therapy, there was
a significant difference (p < 0.001) in RA-ILD (19.1%) vs. RA (65.4%). The least number of patients
received medication with biological DMARDs (bDMARDs); for the group of patients with RA-ILD,
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the proportion was ~ 10.0%, and for the RA group, it was < 2.0%. Both groups were treated with
immunosuppressive therapy, and in the RA-ILD group almost 70.0% were treated with prednisone
compared to the ~ 40.0% in the RA group (p < 0.001). Only the patients who had ILD were treated
with Azathioprine. Most patients have combined therapy with two to three DMARDs (or combined
with a biological agent). In patients who have biological therapy, approximately 8.0%, have treatment
with B-cell targeted therapy (rituximab) and only one patient has anti-TNF treatment (adalimumab)
(See Table 1).

3.1. Clinical Features of the ILD Patients

As for lung disease pattern, this was heterogeneous; nevertheless, the Nonspecific Interstitial
Pneumonia (NSIP) pattern was the most prevalent with 73.33%. Additionally, Usual Interstitial
Pneumonia (UIP = 16.67%), Cryptogenic Organizing Pneumonia (COP = 5.0%) and Lymphocytic
Interstitial Pneumonia (LIP = 3.33%) were patterns less frequent in patients with ILD (Figure S4A).

The patients with NSIP had lower titers of anti-CCP+ (176.2 IU/mL) in comparison to the UIP
(201 IU/mL), COP (175 IU/mL) and LIP (268.3 IU/mL) patterns. The patients with NSIP (1.84 mg/dL)
had higher values compared to UIP (0.42 mg/dL). While the patients with an NSIP pattern had a lower
percentage of lung function (FEV1 = 63.5%) in comparison to the UIP, COP, and LIP patterns with
an FEV1 value > 80%.

Table 1. Demographics and clinical characteristics of the included subjects.

Variable RA-ILD n = 65 RA n = 82 p-value

Female (%) 53 (81.54) 81 (98.78) 0.002
Age 61 (37–85) 53.50 (25–80) <0.001

Age at RA diagnosis 53 (23–85) 45.50 (18–75) <0.001
Age at ILD diagnosis 59 (37–85) NA

FEV1* (%) 66 (18–145) 98 (48–134) <0.001
FVC* (%) 67 (26–147) 97 (54–128) <0.001

FEV1/FVC* (%) 82 (30–110) 99 (58–117) <0.001
anti-CCP+, n (%) 49 (83.05) 59 (95.16)

anti-CCP+ (UI/mL) 190.91 (44.77–378) 322.6 (42.5–531) <0.001
RF+, n (%) 56 (94.92) 61 (93.85)

RF+ (UI/mL) 291 (20.20–4550) 182 (20.40–2100)
CRP (mg/dL) 1.56 (0.01–32) 1.40 (0.05–24)
ESR (mm/h) 32 (1–45) 26 (2–110)
PRA+, n (%) 16 (24.62) 24 (29.27)

SDAI 28.10 (1–76.01) 32.25 (1.31–100.0)
Exposure

Tobacco smoking, n (%) 22 (37.93) 19 (31.67) 0.003
Tobacco index 5.28 (0.10–78) 2 (0.20–10.50) 0.04

Biomass-burning
exposition, n (%) 23 (43.40) 16 (30.77)

Biomass-burning exposition
index 79 (14–638) 34 (3–414) 0.014

Exp-Org, n (%) 33 (52.38) 36 (48.65)
Exp-Inor, n (%) 21 (33.87) 24 (31.17)

Treatment

Methotrexate, n (%) 59 (93.65) 76 (97.44)
Leflunomide, n (%) 27 (42.86) 22 (28.21)
Sulfasalazine, n (%) 12 (19.05) 51 (65.38) <0.001

Cloroquine/
Hydroxychloroquine, n (%) 22 (34.92) 54 (69.23) <0.001

bDMARDs, n (%) 6 (9.52) 1 (1.28)
Azathioprine, n (%) 8 (12.70) 0
Prednisone, n (%) 44 (69.84) 31 (39.74) 0.001

Median (Min-Max). Mann–Whitney U test and χ2 test using 2 × 2 contingency tables were employed to calculate
p-values. Only statistically significant values are shown (p < 0.05). Six-patients with rituximab (5 in RA-ILD, 1 in RA),
and one patient with adalimumab (RA-ILD). RA: Rheumatoid Arthritis; ILD-RA: RA with Interstitial Lung Disease;
*Pre-Bronchodilator; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; FEV1/FVC: forced
expiratory volume in the first second/forced vital capacity ratio; CRP: C-reactive protein; anti-CCP+: anti-cyclic
citrullinated peptide antibody; RF: rheumatoid factor; Exp-Org: organic exposure; Exp-Inor: inorganic exposure;
PRA: panel-reactive antibodies, bDMARDs: Biological DMARD.
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3.2. Panel-Reactive Antibodies (PRA) Analysis

We evaluated the frequency of anti-HLA antibodies positive-patients, finding 24 in the RA group
and 16 for RA-ILD; positive subjects were mostly women who had previous pregnancies and a male
patient for the RA-ILD group, who had a history of blood transfusions. The group with a higher
percentage of reactivity was RA (23%), while the RA-ILD group was 20%; the most frequent anti-HLA
for both groups were DR4, DR8, DR12, and DQ9 antigens.

Regarding lung function, the RA-ILD group had a lower lung function (61%) compared to the RA
group (94%), shown in Figure S3. The NSIP pattern appeared in ~74.0% of the RA-ILD group, followed
by UIP and LIP (~13% each one). The PRA reactivity between patterns was as follow: the NSIP pattern
group reached 20.0% for PRA, while only two patients had UIP (~10.0% PRA) and LIP (56.0% PRA).
This can be reviewed in Figure S4B

There were no statistical differences in the RF, CRP, and neither ESR levels in the study groups.
The RA patients had higher anti-CCP+ levels in comparison with RA-ILD patients; this difference was
statistically significant (p = 0.032), the corresponding box-plot is in Figure S5. In general, the values
maintained the same behavior in terms of the full study population. However, patients with RA-ILD
have greater exposure to environmental pollutants (smoking, biomass-burning’ smoke, organic,
and inorganic compounds); these differences were not statistically significant. See Table 2.

Table 2. Demographic and clinical characteristics of PRA positive patients.

Variable RA-ILD
n = 16

RA
n = 24 p-Value

Female (%) 15 (93.75) 24 (100)
Age at RA diagnosis 52 (32–85) 46.5 (23–69)

FEV1* (%) 61 (25–145) 94 (62–129) <0.001
FVC* (%) 62 (26–147) 97 (77–126) <0.001

FEV1/FVC* (%) 82.25 (49–93.30) 94 (58–117) <0.004
anti-CCP+, n (%) 16 (100.0) 17 (89.47)

anti-CCP+ (UI/mL) 195.96 (56.5–345.6) 244.25 (63.2–501) 0.032
FR+, n (%) 16 (100) 16 (94.12)

FR+ (UI/mL) 242 (34.9–2970) 220.6 (20.4–1647.7)
CRP (mg/dL) 1.94 (0.01–32 1.38 (0.05–24)
ESR (mm/h) 35.5 (1.49–40) 29 (2–110)

Tobacco smoking, n (%) 5 (33.33) 3 (16.67)
Tobacco index 7.3 (0.10–23.5) 2.4 (0.80–5.0)

Biomass-burning exposition, n (%) 8 (61.54) 4 (23.53)
Biomass-burning exposition index 99.5 (25–400) 32.5 (14–414)

Exp-Org, n (%) 7 (46.67) 10 (41.67)
Exp-Inor, n (%) 4 (28.57) 5 (21.74)

PRA (%) 20 (3–71) 23 (3–89)

Median (Min-Max). Mann–Whitney U test and χ2 test using 2 × 2 contingency tables were employed to calculate
p-values. Only statistically significant values are shown (p <0.05). RA: Rheumatoid Arthritis; ILD-RA: RA with
Interstitial Lung Disease; *Pre-Bronchodilator; FEV1: forced expiratory volume in the first second; FVC: forced vital
capacity; FEV1/FVC: forced expiratory volume in the first second/forced vital capacity ratio; CRP: C-reactive protein;
anti-CCP+: anti-cyclic citrullinated peptide antibody; RF: rheumatoid factor; Exp-Org: organic exposure; Exp-Inor:
inorganic exposure; PRA: panel-reactive antibodies.

Once performing correlations between clinical and biological markers of the disease with
pulmonary function variables, no statistically significant values were found; however, we identified
a relationship between anti-HLA antibodies with the CRP levels, and we found a positive correlation
with the percentage of reactivity, (p = 0.02, r2 = 0.60) in the RA-ILD group. See Figure 2.
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4. Discussion

Interstitial Lung Disease (ILD) is a major complication in Rheumatoid Arthritis (RA) patients
[33], where clinical manifestations may differ among patients with and without ILD. In the current
study, we were able to identify that the ILD diagnostic in patients with RA was made around 60 years
old, additionally, in the RA-ILD group, the proportion of men was higher than in the RA group; this
corresponded with that reported in other studies conducted in Caucasian and Asian patients [5,6].
In our study, the most frequent tomographic patterns were NSIP and UIP. The NSIP pattern can
have an inflammatory predominance over fibrosis. In other studies, the patterns of progression most
frequent were UIP, followed by NSIP and OP; in previous studies, these patterns carry a higher
mortality rate than UIP [34]. FEV1 was generally lowest in patients with ILD compared with RA
patients without pulmonary affection. Low FEV1 is generally considered one of the most sensitive
parameter for early detection of ILD [35].

Among the environmental risk factors for RA, smoking is the most critical predisposing it [36,37].
Tobacco smoking leads to a higher expression of the PAD2 enzyme in the lung [38]. The frequency de
RA-ILD was higher in men than in women, and this may be related to a higher incidence of tobacco
smoking in men than in women [39,40]. These descriptions in other populations match with our results.

Additionally, RA patients with ILD had higher RF titers in comparison with the RA patients;
this was in agreement with previous studies [6]. The anti-CCP+ levels were low in RA-ILD patients;
the latter has been considered a highly specific RA diagnostic marker [41]. Interestingly, we found
that 100% of our RA-ILD patients were anti-CCP+ in PRA positive patients. In other studies, it
has been reported that anti-CCP positivity correlates with the presence of ILD in RA and higher
titers of anti-CCP+ may be associated with more severe ILD [6,42–44], nevertheless, in our study
lower titers of anti-CCP+ were found in the RA-ILD patients in comparison to patients with RA
without ILD. This could be the result of better disease control in patients with ILD compared to that
of RA patients; further, ILD patients receive conventional DMARDs and in some cases a biological
agent. Several studies have described the involvement of anti-TNF in combination with DMARDs
in modulating anti-CCP levels [45,46], although researchers describe that stricter studies should be
conducted to elucidate this response. Other biological agents in which a better response has been seen
in the decrease of anti-CCP levels are with B-cell targeted therapy (rituximab) [47,48]. In the current
study, only five RA-ILD patients received this therapy.
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The therapy in RA-ILD patients is based according to the underlying disease (RA). Several studies
have described therapy with DMARDs and corticosteroids (mainly prednisone) that help modulate
the CRP and ESR levels, and are considered as monitors for successful treatment [49,50]. Azathioprine
is used as an alternative therapy to corticosteroids and a complementary agent mainly to infliximab
and adalimumab, however, it is used in moderate and severe cases [51]. Immunosuppressive agents
(prednisone and azathioprine) help to modulate the main treatment dose and to avoid adverse events
in patients.

We have identified, for the first time, anti-HLA antibodies in RA-ILD and RA patients; in other
studies HLA cytotoxic antibodies were detected in transfused patients; a positive correlation between
the transfused load and the frequency of alloimmunization against HLA antigens was also found [52].
With regard to anti-HLA Class II antibodies, patients who received a heart transplant developed
IgG antibodies compared to control subjects [53]. Studies of anti-HLA Class I and II antibodies that
participate in hyperacute rejection in pulmonary allograft have been developed, acquiring bronchiolitis
obliterans syndrome [53,54].

Several studies, in the transplantation field, have shown that anti-HLA antibody profiles correlate
to the rate of allograft rejection [12,55], however, these studies have not explored the role it performs in
autoimmune diseases. Between the potential sources of anti-HLA antibodies are blood transfusions,
since a probable complication is transfusion-related acute lung injury (TRALI), caused by the anti-HLA
Class I and Class II antibodies pre-existents in the plasma donors, where the infused blood stimulates
pulmonary endothelial cells and therefore increased capillary permeability [56]. However, no blood
transfusions were reported among the included PRA positive patients, except for a male patient in
the RA-ILD group. The rest of the positive patients were female with pregnancy antecedent, in this
regard, previous studies have revealed that fetal microchimerism influences the alloimmunization [13].

To the best of our knowledge, there are no studies that have linked the biochemical (laboratory
testing) parameters with the percentage of reactivity (PRA%) in RA-ILD patients. In 2012 Furukawa
and collaborators performed a study where they analyzed the profile of antibodies anti-HLA (Class I,
Class II and MICA proteins), finding anti-HLA antibodies (MICA/Class I) in collagen vascular
disease-associated ILD [57]. Another study found that levels and frequencies of anti-HLA antibodies
were higher among women and males with SLE and RA [58]. Our results in the RA group showed
a higher percentage of reactivity.

In this study, we tested the influence of the anti-HLA antibodies with different clinical and biological
RA markers, identifying a correlation with CRP levels. CRP is a protein produced by hepatocytes; this
biomolecule increases rapidly as a response to inflammation-mediated by IL-6, IL-1β, and TNF-α [59].
Different studies have shown the usage of CRP as a predictor of cardiovascular diseases [60], however,
there are no studies that correlate CRP levels with the severity of RA and extra-articular complications
due to anti-HLA antibodies.

High CRP levels correlate to the progression of the RA disease [61]; in our study, we found higher
titers in the RA-ILD group compared to the group of RA patients. Since CRP plays a pathogenic
role in the inflammation observed in RA, CRP may be associated with a severe RA manifestation, for
example, ILD. In patients with RA-ILD higher CRP titers were found compared to patients with RA but
without ILD [6]. In another study conducted in ILD patients with non-pulmonary surgery, they found
high CRP levels; authors consider it a predictor of acute exacerbation [62]. However, the pathogenic
mechanisms of CRP and anti-HLA antibodies in both diseases have not been thoroughly investigated.
In our study, we found a positive correlation between CRP levels and the percentage of panel-reactive
antibodies (PRA) in the RA-ILD group. The relation between these two factors is in the activation
of the complement system, where CRP has an interaction with the C1q complex, which results in
the activation of the classical complement cascade [63]. In our results, the correlation was found in
the group of ILD patients, and this could be due to the ILD, which is an extra-articular complication
of RA. Low doses of CRP could modulate autoimmune diseases and prevent the generation of
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autoantibodies [64]. Our findings could help to elucidate the possible implication of anti-HLA
antibodies/CRP in patients with RA with an extra-articular manifestation such as ILD.

This study was not free of limitations. Possibly the most important was that we were not able to
identify specific HLA-antigens which the anti-HLA antibodies were addressing. The panel-reactive
antibodies is not specific for the detection of the single antigens. This assay helps us to detect
the percentage of reactivity (%PRA) and identifies possible groups of antigens (such as DR4, DR8,
and DQ9) that the subjects harbor. The single antigen detection requires a second commercial kit to
detect specific antigens that occur in patients who have a higher percentage of reactivity.

Furthermore, this was a retrospective study and can have memory bias (in expositional variables
referred by participants, as well as blood transfusions); RA-ILD prevalence is low and probably
underdiagnosed, and so, the sample size is small; Among strengths, this is the first paper evaluating
the anti-HLA antibodies using the PRA test in an autoimmune disorder with interstitial lung disease.

5. Conclusions

There is a correlation between CRP levels with the panel-reactive antibodies (PRA) percentage of
the HLA Class II antigens. The RA patients with ILD had higher CRP levels compared to patients
who had only RA, which could indicate that there is a higher degree of inflammation. CRP levels
can be modified by treatment; however, patients who have RA-ILD have higher levels compared to
patients who only have RA. The identification of anti-HLA antibodies in patients with RA can have
an impact on the severity of the disease and potentially with the response to the treatment of interstitial
lung diseases.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4409/9/3/691/s1-s5.

Author Contributions: Conceptualization, A.D.D.A.-P. and R.F.-V.; data curation, G.P.-R.; formal analysis,
A.D.D.A.-P., K.J.N.-Q. and R.F.-V.; funding acquisition, I.B.-R. and R.F.-V.; investigation, I.B.-R., M.M., G.P.-R.
and K.J.N.-Q.; methodology, A.D.D.A.-P. and K.J.N.-Q.; project administration, R.F.-V.; resources, I.B.-R. and M.M.;
software, A.D.D.A.-P.; supervision, I.B.-R. and G.P.-R.; Validation, M.M.; visualization, J.R.-S.; writing–original
draft, A.D.D.A.-P., G.P.-R., J.R.-S. and R.F.-V.; writing–review and editing, A.D.D.A.-P., J.R.-S. and R.F.-V. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the allocated budget to research (RF-V, HLA Laboratory) from the Instituto
Nacional de Enfermedades Respiratorias Ismael Cosío Villegas (INER.

Acknowledgments: This paper constitutes a partial fulfillment of the Graduate Program in Maestría en Ciencias
de la Salud of the Instituto Politécnico Nacional (IPN) for Alma D. Del Angel-Pablo. A.D.D.A.-P. acknowledges
the scholarship and financial support provided by the Mexican National Council of Science and Technology
(CONACyT).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Klareskog, L.; Catrina, A.I.; Paget, S. Rheumatoid arthritis. Lancet 2009, 373, 1–14. [CrossRef]
2. Gabriel, S.E.; Michaud, K. Epidemiological studies in incidence, prevalence, mortality, and comorbidity of

the rheumatic diseases. Arthritis Res. Ther. 2009, 11, 1–14. [CrossRef]
3. Doyle, T.J.; Dellaripa, P.F. Lung Manifestations in the Rheumatic Diseases. Chest 2017, 152, 1283–1295.

[CrossRef]
4. Richman, N.C.; Yazdany, J.; Graf, J.; Chernitskiy, V.; Imboden, J.B. Extraarticular Manifestations of Rheumatoid

Arthritis in a Multiethnic Cohort of Predominantly Hispanic and Asian Patients. Medicine (Baltimore) 2013,
92, 92–97. [CrossRef]

5. Hyldgaard, C.; Hilberg, O.; Pedersen, A.B.; Ulrichsen, S.P.; Løkke, A.; Bendstrup, E.; Ellingsen, T. A
population-based cohort study of rheumatoid arthritis-associated interstitial lung disease: Comorbidity
and mortality. Ann. Rheum. Dis. 2017, 76, 1700–1706. [CrossRef]

6. Kim, D.; Cho, S.-K.; Choi, C.-B.; Choe, J.-Y.; Chung, W.T.; Hong, S.-J.; Jun, J.-B.; Jung, Y.O.; Kim, T.-H.;
Kim, T.-J.; et al. Impact of interstitial lung disease on mortality of patients with rheumatoid arthritis.
Rheumatol. Int. 2017, 37, 1735–1745. [CrossRef]

http://www.mdpi.com/2073-4409/9/3/691/s1-s5
http://dx.doi.org/10.1016/S0140-6736(09)60008-8
http://dx.doi.org/10.1186/ar2669
http://dx.doi.org/10.1016/j.chest.2017.05.015
http://dx.doi.org/10.1097/MD.0b013e318289ce01
http://dx.doi.org/10.1136/annrheumdis-2017-211138
http://dx.doi.org/10.1007/s00296-017-3781-7


Cells 2020, 9, 691 10 of 13

7. Busch, R. HLA associations in inflammatory arthritis: Emerging mechanisms and clinical implications.
Nat. Rev. Rheumatol. 2019, 6, 364–381. [CrossRef]

8. Horton, R.; Wilming, L.; Rand, V.; Lovering, R.C.; Bruford, E.; Khodiyar, V.; Lush, M.J.; Povey, S.; Talbot, C.C.;
Wright, M.; et al. Gene map of the extended human MHC. Nat. Rev. Genet. 2004, 5, 889–899. [CrossRef]

9. Dieude, P.; Cornélis, F. Genetic basis of rheumatoid arthritis. Jt. Bone Spine 2005, 72, 520–526. [CrossRef]
10. Gough, S.C.L.; Simmonds, M.J. The HLA Region and Autoimmune Disease: Associations and Mechanisms

of Action. Curr. Genom. 2007, 8, 453–465. [CrossRef]
11. Burkhardt, H.; Sehnert, B.; Bockermann, R.; Engström, Å.; Kalden, J.R.; Holmdahl, R. Humoral immune

response to citrullinated collagen type II determinants in early rheumatoid arthritis. Eur. J. Immunol. 2005,
35, 1643–1652. [CrossRef] [PubMed]

12. Akgul, S.; Ciftci, H.; Temurhan, S.; Caliskan, Y.; Bayraktar, A.; Tefik, T.; Kaya, I.; Canitez, I.; Demir, E.;
Yazici, H.; et al. Association Between HLA Antibodies and Different Sensitization Events in Renal Transplant
Candidates. Transplant. Proc. 2017, 49, 425–429. [CrossRef] [PubMed]

13. Triulzi, D.; Kleinman, S.; Kakaiya, R.M.; Busch, M.P.; Norris, P.J.; Steele, W.R.; Glynn, S.A.; Hillyer, C.D.;
Carey, P.; Gottschall, J.L.; et al. The effect of previous pregnancy and transfusion on HLA alloimmunization
in blood donors: Implications for a transfusion-related acute lung injury risk reduction strategy. Transfus.
2009, 49, 1825–1835. [CrossRef] [PubMed]

14. A Dankers, M.K.; Roelen, D.L.; Korfage, N.; De Lange, P.; Witvliet, M.; Sandkuijl, L.; Doxiadis, I.I.N.; Claas, F.
Differential immunogenicity of paternal HLA Class I antigens in pregnant women. Hum. Immunol. 2003,
64, 600–606. [CrossRef]

15. Geneugelijk, K.; Hönger, G.; Van Deutekom, H.W.M.; Hösli, I.M.; Schaub, S.; Spierings, E. A Previous
Miscarriage and a Previous Successful Pregnancy Have a Different Impact on HLA Antibody Formation
during a Subsequent Successful Pregnancy. Front. Immunol. 2016, 7, 1453. [CrossRef]

16. Gammill, H.S.; Nelson, J.L. Naturally acquired microchimerism. Int. J. Dev. Boil. 2010, 54, 531–543. [CrossRef]
17. Artlett, C.M.; Cox, L.A.; Ramos, R.C.; Dennis, T.N.; Fortunato, R.A.; Hummers, L.; Jimenez, S.A.; Smith, J.B.

Increased Microchimeric CD4+ T Lymphocytes in Peripheral Blood from Women with Systemic Sclerosis.
Clin. Immunol. 2002, 103, 303–308. [CrossRef]

18. Sarkar, K.; Miller, F. Possible roles and determinants of microchimerism in autoimmune and other disorders.
Autoimmun. Rev. 2004, 3, 454–463. [CrossRef]

19. Crowson, C.S.; Matteson, E.L.; Myasoedova, E.; Michet, C.J.; Ernste, F.C.; Warrington, K.J.; Davis, J.M.;
Hunder, G.G.; Therneau, T.M.; Gabriel, S.E. The lifetime risk of adult-onset rheumatoid arthritis and other
inflammatory autoimmune rheumatic diseases. Arthritis Rheum. 2011, 63, 633–639. [CrossRef]

20. Rak, J.M.; Maestroni, L.; Balandraud, N.; Guis, S.; Boudinet, H.; Guzian, M.C.; Yan, Z.; Azzouz, D.; Auger, I.;
Roudier, C.; et al. Transfer of the shared epitope through microchimerism in women with rheumatoid
arthritis. Arthritis Rheum. 2009, 60, 73–80. [CrossRef]

21. Aletaha, D.; Neogi, T.; Silman, A.J.; Funovits, J.; Felson, D.; Bingham, C.O.; Birnbaum, N.S.; Burmester, G.R.;
Bykerk, V.P.; Cohen, M.D.; et al. 2010 Rheumatoid arthritis classification criteria: An American College of
Rheumatology/European League Against Rheumatism collaborative initiative. Arthritis Rheum. 2010, 62, 2569–2581.
[CrossRef]

22. Liang, C.; Li, J.; Lu, C.; Xie, D.; Liu, J.; Zhong, C.; Wu, X.; Dai, R.; Zhang, H.; Guan, D.; et al. HIF1α inhibition
facilitates Leflunomide-AHR-CRP signaling to attenuate bone erosion in CRP-aberrant rheumatoid arthritis.
Nat. Commun. 2019, 10, 1–13. [CrossRef]

23. Plant, M.J.; Williams, A.L.; O’Sullivan, M.M.; Lewis, P.A.; Coles, E.C.; Jessop, J.D. Relationship between
time-integrated C-reactive protein levels and radiologic progression in patients with rheumatoid arthritis.
Arthritis Rheum. 2000, 43, 1473–1477. [CrossRef]

24. Kim, K.; Jiang, X.; Cui, J.; Lu, B.; Costenbader, K.H.; Sparks, J.A.; Bang, S.-Y.; Lee, H.-S.; Okada, Y.;
Raychaudhuri, S.; et al. Interactions between amino acid-defined major histocompatibility complex class II
variants and smoking in seropositive rheumatoid arthritis. Arthritis Rheumatol. 2015, 67, 2611–2623.
[CrossRef]

25. Anderson, J.; Caplan, L.; Yazdany, J.; Robbins, M.L.; Neogi, T.; Michaud, K.; Saag, K.G.; O’Dell, J.R.; Kazi, S.
Rheumatoid arthritis disease activity measures: American College of Rheumatology recommendations for
use in clinical practice. Arthritis Rheum. 2012, 64, 640–647. [CrossRef]

http://dx.doi.org/10.1038/s41584-019-0219-5
http://dx.doi.org/10.1038/nrg1489
http://dx.doi.org/10.1016/j.jbspin.2005.09.001
http://dx.doi.org/10.2174/138920207783591690
http://dx.doi.org/10.1002/eji.200526000
http://www.ncbi.nlm.nih.gov/pubmed/15832289
http://dx.doi.org/10.1016/j.transproceed.2017.02.004
http://www.ncbi.nlm.nih.gov/pubmed/28340805
http://dx.doi.org/10.1111/j.1537-2995.2009.02206.x
http://www.ncbi.nlm.nih.gov/pubmed/19453983
http://dx.doi.org/10.1016/S0198-8859(03)00058-2
http://dx.doi.org/10.3389/fimmu.2016.00571
http://dx.doi.org/10.1387/ijdb.082767hg
http://dx.doi.org/10.1006/clim.2002.5222
http://dx.doi.org/10.1016/j.autrev.2004.06.004
http://dx.doi.org/10.1002/art.30155
http://dx.doi.org/10.1002/art.24224
http://dx.doi.org/10.1002/art.27584
http://dx.doi.org/10.1038/s41467-019-12163-z
http://dx.doi.org/10.1002/1529-0131(200007)43:7&lt;1473::AID-ANR9&gt;3.0.CO;2-N
http://dx.doi.org/10.1002/art.39228
http://dx.doi.org/10.1002/acr.21649


Cells 2020, 9, 691 11 of 13

26. International, S.; Consensus, M. American Thoracic Society/ European Respiratory Society International
Multidisciplinary Consensus Classification of the Idiopathic Interstitial Pneumonias. This joint statement
of the American Thoracic Society (ATS), and the European Respiratory Society. Am. Thorac Soc. 2002, 165.
[CrossRef]

27. Aletaha, D.; Smolen, J. The Simplified Disease Activity Index (SDAI) and the Clinical Disease Activity Index
(CDAI): A review of their usefulness and validity in rheumatoid arthritis. Clin. Exp. Rheumatol. 2005,
23, S100–S108. [CrossRef]

28. Colombo, M.B.; Haworth, S.E.; Poli, F.; Nocco, A.; Puglisi, G.; Innocente, A.; Serafini, M.; Messa, P.;
Scalamogna, M. Luminex technology for anti-HLA antibody screening: Evaluation of performance and of
impact on laboratory routine. Cytom. Part. B Clin. Cytom. 2007, 72, 465–471. [CrossRef]

29. Lopes, L.; Chiba, A.K.; Ruiz, M.O.; Bordin, J.O.; Fabron-Jr, A. Impact of using different laboratory assays to
detect human leukocyte antigen antibodies in female blood donors. Transfusion 2010, 50, 902–908. [CrossRef]

30. One Lambda, I. HLA FusionTM Software 4.x.x User Manual. 2012. Available online: https://manualzz.com/

doc/6750498/hla-fusiontm-ivd-and-research-software-v4.xx (accessed on 11 March 2020).
31. RStudio. Available online: https://rstudio.com/ (accessed on 27 December 2019).
32. Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/epiinfo/index.html

(accessed on 27 December 2019).
33. Koduri, G.; Norton, S.; Young, A.; Cox, N.; Davies, P.; Devlin, J.; Dixey, J.; Gough, A.; Prouse, P.; Winfield, J.; et al.

Interstitial lung disease has a poor prognosis in rheumatoid arthritis: Results from an inception cohort.
Rheumatology 2010, 49, 1483–1489. [CrossRef]

34. Zamora-Legoff, J.A.; Krause, M.L.; Crowson, C.S.; Ryu, J.; Matteson, E.L. Patterns of interstitial lung disease
and mortality in rheumatoid arthritis. Rheumatology 2016, 56, 344–350. [CrossRef]

35. Chen, J.; Shi, Y.; Wang, X.; Huang, H.; Ascherman, D.P. Asymptomatic Preclinical Rheumatoid
Arthritis-Associated Interstitial Lung Disease. Clin. Dev. Immunol. 2013, 2013, 1–5. [CrossRef]

36. Bang, S.-Y.; Lee, K.-H.; Cho, S.-K.; Lee, H.-S.; Lee, K.W.; Bae, S.-C. Smoking increases rheumatoid
arthritis susceptibility in individuals carrying the HLA-DRB1 shared epitope, regardless of RF and ACPA.
Arthritis Rheum. 2010, 62, 369–377. [CrossRef]

37. Mori, S.; Koga, Y.; Sugimoto, M. Different risk factors between interstitial lung disease and airway disease in
rheumatoid arthritis. Respir. Med. 2012, 106, 1591–1599. [CrossRef]

38. Makrygiannakis, D.; Hermansson, M.; Ulfgren, A.-K.; Nicholas, A.P.; Zendman, A.J.W.; Grunewald, J.;
Klareskog, L.; Catrina, A.I.; Eklund, A.; Skold, C.M. Smoking increases peptidylarginine deiminase 2 enzyme
expression in human lungs and increases citrullination in BAL cells. Ann. Rheum. Dis. 2008, 67, 1488–1492.
[CrossRef]

39. Solomon, J.J.; Ryu, J.; Tazelaar, H.D.; Myers, J.L.; Tuder, R.M.; Cool, C.D.; Curran-Everett, D.; Fischer, A.;
Swigris, J.J.; Brown, K.K. Fibrosing interstitial pneumonia predicts survival in patients with rheumatoid
arthritis-associated interstitial lung disease (RA-ILD). Respir. Med. 2013, 107, 1247–1252. [CrossRef]

40. Zhang, Y.; Li, H.; Wu, N.; Dong, X.; Zheng, Y. Retrospective study of the clinical characteristics and risk factors
of rheumatoid arthritis-associated interstitial lung disease. Clin. Rheumatol. 2017, 36, 817–823. [CrossRef]

41. Schellekens, G.A.; Visser, H.; De Jong, B.A.W.; van den Hoogen, F.H.; Hazes, J.M.; Breedveld, F.C.;
van Venrooij, W.J. The diagnostic properties of rheumatoid arthritis antibodies recognizing a cyclic citrullinated
peptide. Arthritis Rheum. 2000, 43, 155–163. [CrossRef]

42. Aubart, F.; Crestani, B.; Nicaise-Roland, P.; Tubach, F.; Bollet, C.; Dawidowicz, K.; Quintin, E.; Hayem, G.;
Palazzo, E.; Meyer, O.; et al. High Levels of Anti-Cyclic Citrullinated Peptide Autoantibodies Are Associated
with Co-occurrence of Pulmonary Diseases with Rheumatoid Arthritis. J. Rheumatol. 2011, 38, 979–982.
[CrossRef]

43. Yin, Y.; Liang, D.; Zhao, L.; Li, Y.; Liu, W.; Ren, Y.; Li, Y.; Zeng, X.; Zhang, F.; Tang, F.; et al. Anti-Cyclic
Citrullinated Peptide Antibody Is Associated with Interstitial Lung Disease in Patients with Rheumatoid
Arthritis. PLoS ONE 2014, 9, e92449. [CrossRef] [PubMed]

44. Rocha-Muñoz, A.D.; Ponce-Guarneros, M.; Gamez-Nava, J.I.; Olivas-Flores, E.M.; Mejia, M.; Juárez-Contreras, P.;
Martínez-García, E.A.; Corona-Sanchez, E.G.; Rodríguez-Hernández, T.M.; Mercado, M.V.-D.; et al. Anti-Cyclic
Citrullinated Peptide Antibodies and Severity of Interstitial Lung Disease in Women with Rheumatoid Arthritis.
J. Immunol. Res. 2015, 2015, 1–10. [CrossRef] [PubMed]

http://dx.doi.org/10.1164/ajrccm.165.2.ats01
http://dx.doi.org/10.1016/j.rdc.2009.10.006
http://dx.doi.org/10.1002/cyto.b.20353
http://dx.doi.org/10.1111/j.1537-2995.2009.02523.x
https://manualzz.com/doc/6750498/hla-fusiontm-ivd-and-research-software-v4.xx
https://manualzz.com/doc/6750498/hla-fusiontm-ivd-and-research-software-v4.xx
https://rstudio.com/
https://www.cdc.gov/epiinfo/index.html
http://dx.doi.org/10.1093/rheumatology/keq035
http://dx.doi.org/10.1093/rheumatology/kew391
http://dx.doi.org/10.1155/2013/406927
http://dx.doi.org/10.1002/art.27272
http://dx.doi.org/10.1016/j.rmed.2012.07.006
http://dx.doi.org/10.1136/ard.2007.075192
http://dx.doi.org/10.1016/j.rmed.2013.05.002
http://dx.doi.org/10.1007/s10067-017-3561-5
http://dx.doi.org/10.1002/1529-0131(200001)43:1&lt;155::AID-ANR20&gt;3.0.CO;2-3
http://dx.doi.org/10.3899/jrheum.101261
http://dx.doi.org/10.1371/journal.pone.0092449
http://www.ncbi.nlm.nih.gov/pubmed/24743261
http://dx.doi.org/10.1155/2015/151626
http://www.ncbi.nlm.nih.gov/pubmed/26090479


Cells 2020, 9, 691 12 of 13

45. Alessandri, C.; Bombardieri, M.; Del Papa, N.; Cinquini, M.; Magrini, L.; Tincani, A.; Valesini, G. Decrease of
anti-cyclic citrullinated peptide antibodies and rheumatoid factor following anti-TNFα therapy (infliximab)
in rheumatoid arthritis is associated with clinical improvement. Ann. Rheum. Dis. 2004, 63, 1218–1221.
[CrossRef] [PubMed]

46. Chen, H.A.; Lin, K.C.; Chen, C.H.; Liao, H.T.; Wang, H.P.; Chang, H.N.; Tsai, C.Y.; Chou, C. The effect of
etanercept on anti-cyclic citrullinated peptide antibodies and rheumatoid factor in patients with rheumatoid
arthritis. Ann. Rheum. Dis. 2005, 65, 35–39. [CrossRef]

47. Lal, P.; Su, Z.; Holweg, C.T.J.; Silverman, G.J.; Schwartzman, S.; Kelman, A.; Read, S.; Spaniolo, G.;
Monroe, J.G.; Behrens, T.W.; et al. Inflammation and autoantibody markers identify rheumatoid arthritis
patients with enhanced clinical benefit following rituximab treatment. Arthritis Rheum. 2011, 63, 3681–3691.
[CrossRef]

48. Váncsa, A.; Szabó, Z.; Szamosi, S.; Bodnár, N.; Végh, E.; Gergely, L.; Szücs, G.; Szántó, S.; Szekanecz, Z.
Longterm Effects of Rituximab on B Cell Counts and Autoantibody Production in Rheumatoid Arthritis:
Use of High-sensitivity Flow Cytometry for More Sensitive Assessment of B Cell Depletion. J. Rheumatol.
2013, 40, 565–571. [CrossRef]

49. Aletaha, D.; Smolen, J.S. The rheumatoid arthritis patient in the clinic: Comparing more than 1300 consecutive
DMARD courses. Rheumatology 2002, 41, 1367–1374. [CrossRef]

50. Tishler, M.; Caspi, D.; Yaron, M. C-Reactive protein levels in patients with rheumatoid arthritis: The impact
of therapy. Clin. Rheumatol. 1985, 4, 321–324. [CrossRef]

51. Jeurissen, M.E.C.; Boerbooms, A.M.T.; Van De Putte, L.B.A.; Doesburg, W.H.; Mulder, J.; Rasker, J.J.;
Kruijsen, M.W.M.; Haverman, J.F.; Van Beusekom, H.J.; Muller, W.H.; et al. Methotrexate versus azathioprine
in the treatment of rheumatoid arthritis. A forty-eight–week randomized, double-blind trial. Arthritis Rheum.
1991, 34, 961–972. [CrossRef]

52. Taaning, E.; Simonsen, A.C.; Hjelms, E.; Svejgaard, A.; Morling, N. Platelet Alloimmunization after
Transfusion. A Prospective Study in 117 Heart Surgery Patients. Vox Sang. 1997, 72, 238–241. [CrossRef]

53. Itescu, S.; Tung, T.C.; Burke, E.M.; Weinberg, A.; Moazami, N.; Artrip, J.H.; Suciu-Foca, N.; Rose, E.A.;
Oz, M.; Michler, R.E. Preformed IgG antibodies against major histocompatibility complex class II antigens
are major risk factors for high-grade cellular rejection in recipients of heart transplantation. Circulation 1998,
98, 786–793. [CrossRef] [PubMed]

54. Brugière, O.; Suberbielle, C.; Thabut, G.; Lhuillier, E.; Dauriat, G.; Métivier, A.-C.; Gautreau, C.; Charron, M.;
Mal, H.; Parquin, F.; et al. Lung Transplantation in Patients with Pretransplantation Donor-Specific Antibodies
Detected by Luminex Assay. Transplantation 2013, 95, 761–765. [CrossRef] [PubMed]

55. Wiwattanathum, P.; Ingsathit, A.; Thammanichanond, D.; Mongkolsuk, T.; Sumethkul, V. Significance of
HLA Antibody Detected by PRA-Bead Method in Kidney Transplant Outcomes. Transplant. Proc. 2016,
48, 761–765. [CrossRef]

56. Roubinian, N. TACO and TRALI: Biology, risk factors, and prevention strategies. Am. Soc. Hematol. 2018,
2018, 585–594. [CrossRef] [PubMed]

57. Furukawa, H.; Oka, S.; Shimada, K.; Masuo, K.; Nakajima, F.; Funano, S.; Tanaka, Y.; Komiya, A.; Fukui, N.;
Sawasaki, T.; et al. Autoantibody Profiles in Collagen Disease Patients with Interstitial Lung Disease (ILD):
Antibodies to Major Histocompatibility Complex Class I-Related Chain A (MICA) as Markers of ILD.
Biomark. Insights 2015, 10, 63–73. [CrossRef]

58. Jackman, R.I.; Cruz, G.; Nititham, J.; Triulzi, D.J.; Barcellos, L.F.; Criswell, L.A.; Norris, P.J.; Busch, M.P.
Increased alloreactive and autoreactive antihuman leucocyte antigen antibodies associated with systemic
lupus erythematosus and rheumatoid arthritis. Lupus Sci. Med. 2018, 5, e000278. [CrossRef]

59. Sproston, N.R.; Ashworth, J.J. Role of C-reactive protein at sites of inflammation and infection. Front. Immunol.
2018, 9, 1–11. [CrossRef]

60. Danesh, J.; Wheeler, J.G.; Hirschfield, G.M.; Eda, S.; Eiriksdottir, G.; Rumley, A.; Lowe, G.; Pepys, M.B.;
Gudnason, V. C-Reactive Protein and Other Circulating Markers of Inflammation in the Prediction of
Coronary Heart Disease. N. Engl. J. Med. 2004, 350, 1387–1397. [CrossRef]

61. Bay-Jensen, A.-C.; Platt, A.; Jenkins, M.A.; Weinblatt, M.E.; Byrjalsen, I.; Musa, K.; Genovese, M.C.;
Karsdal, M.A. Tissue metabolite of type I collagen, C1M, and CRP predicts structural progression of
rheumatoid arthritis. BMC Rheumatol. 2019, 3, 3. [CrossRef]

http://dx.doi.org/10.1136/ard.2003.014647
http://www.ncbi.nlm.nih.gov/pubmed/15361374
http://dx.doi.org/10.1136/ard.2005.038851
http://dx.doi.org/10.1002/art.30596
http://dx.doi.org/10.3899/jrheum.111488
http://dx.doi.org/10.1093/rheumatology/41.12.1367
http://dx.doi.org/10.1007/BF02031616
http://dx.doi.org/10.1002/art.1780340805
http://dx.doi.org/10.1159/000462001
http://dx.doi.org/10.1161/01.CIR.98.8.786
http://www.ncbi.nlm.nih.gov/pubmed/9727549
http://dx.doi.org/10.1097/TP.0b013e31827afb0f
http://www.ncbi.nlm.nih.gov/pubmed/23296148
http://dx.doi.org/10.1016/j.transproceed.2016.02.029
http://dx.doi.org/10.1182/asheducation-2018.1.585
http://www.ncbi.nlm.nih.gov/pubmed/30570487
http://dx.doi.org/10.4137/BMI.S28209
http://dx.doi.org/10.1136/lupus-2018-000278
http://dx.doi.org/10.3389/fimmu.2018.00754
http://dx.doi.org/10.1056/NEJMoa032804
http://dx.doi.org/10.1186/s41927-019-0052-0


Cells 2020, 9, 691 13 of 13

62. Takao, S.; Masuda, T.; Yamaguchi, K.; Sakamoto, S.; Horimasu, Y.; Nakashima, T.; Miyamoto, S.; Iwamoto, H.;
Fujitaka, K.; Hamada, H.; et al. High preoperative C-reactive protein level is a risk factor for acute exacerbation
of interstitial lung disease after non-pulmonary surgery. Medicine 2019, 98, e14296. [CrossRef]

63. Elias, T.; Zahava, V. Innate immune-responses and their role in driving autoimmunity. Autoimmun. Rev.
2019, 18, 306–311. [CrossRef]

64. Du Clos, T.W.; Mold, C. C-reactive Protein: An Activator of Innate Immunity and a Modulator of Adaptive
Immunity. Immunol Res. 2004, 30, 261–277. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/MD.0000000000014296
http://dx.doi.org/10.1016/j.autrev.2018.10.005
http://dx.doi.org/10.1385/IR:30:3:261
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Ethics Statement 
	Anti-HLA Antibodies Detection 
	Statistical Analysis 

	Results 
	Clinical Features of the ILD Patients 
	Panel-Reactive Antibodies (PRA) Analysis 

	Discussion 
	Conclusions 
	References

