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IL-10, IFN-γ/IL-10, IL-17/IL-10, IL-12/IL-10, and IFN-γ/
IL-13 were significantly higher in RA patients compared to 
healthy controls. The range and expression of cytokines were 
higher in PBMC than in the plasma in all the groups studied. 
Multivariate pattern analysis of eight cytokines revealed a 
prediction accuracy of 69% in differentiating RA patients 
from healthy controls, and of 73% in classifying patients 
as in remission or active RA. Our data suggest that it is 
worthwhile to explore ratios of pro- to anti-inflammatory 
cytokines produced by mitogen-stimulated PBMC in RA, 
and the use of multivariate cytokine pattern and algorithms 
for better delineation of this condition.

Keywords Rheumatoid arthritis · Circulatory · Cell 
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Introduction

While the etiology of rheumatoid arthritis (RA) continues to 
be unexplained, cytokines are known to be major contribu-
tors to its pathophysiology [1–3]. Several reports have dem-
onstrated critical roles for pro-inflammatory cytokines, such 
as tumour necrosis factor-alpha (TNF-α), interferon-gamma 
(IFN-γ), and interleukin (IL)-1 in the pathogenesis of RA, 
while other cytokines of the pro-inflammatory axis includ-
ing IL-12, IL-15, IL-17, and IL-18 have been shown to be 
essential in sustaining the inflammation [2]. On the other 
hand, the compensatory anti-inflammatory responses of 
IL-4, IL-10, IL-13, and TGF-α [3] are known to decrease the 
formation of pro-inflammatory cytokines and regulate the 
pathophysiology of RA [1–3]. Given the fact that cytokines 
generally function as part of a large and complex network of 
other cytokines, chemokines, receptors, and antagonists, it 
has been suggested that the pathology underlying RA, to a 
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significant extent, is due to the imbalance between the pro- 
and anti-inflammatory cytokines that leads to subsequent 
tissue damage [2].

Numerous researchers have focused their attention on 
identifying candidate biomarkers that correlate accurately 
with rheumatoid arthritis, as this will assist clinicians in 
pretreatment prediction of therapy effectiveness, monitor-
ing treatment outcome, and assessing disease activity [2]. 
Thus, there is a need to search for new biochemical pre-
dictors or indicators that better reflect the disease status, 
not only in terms of clinical features but also to mirror the 
overall inflammatory immune status. While finding a single 
marker would be ideal, a ratio of two or profile of a group 
may be more informative and predictive.

Several previous studies have reported contradictory 
results while using single or multiple serum levels of 
cytokines as potential biomarkers for RA [4]. It has been 
suggested that measuring cytokines in plasma is more 
accurate than that in serum as the clotting process may 
contribute or induce cytokine production [5–7]. Another 
approach to assess the systemic inflammatory status would 
be to measure cytokines produced by mitogen-stimulated 
peripheral blood mononuclear cell (PBMC) cultures 
ex vivo. Cytokine production patterns of PBMC are likely 
to provide more information on the immune reactivity and 
bias as compared to serum or plasma levels alone. Although 
this approach has been reported by some researchers [8, 9], 
further work is needed to compare these approaches in the 
same subjects.

In this study, we report the simultaneous measurement of 
multi-cytokine profiles in plasma and culture supernatants of 
mitogen-stimulated PBMC from patients with RA as com-
pared to age- and sex-matched healthy controls. We further 
attempt to correlate the levels of these cytokines to disease 
activity as measured by various standardized clinical indi-
ces. Our aim was to identify patterns of cytokine expression 
as possible indicators of disease activity and compare their 
levels in plasma versus culture supernatants.

However, the absolute levels of cytokines per se may 
not be as informative as the relative levels of pro- to anti-
inflammatory cytokines, as this will provide a better picture 
of the overall dominance of one group of cytokines over 
another. As anti-inflammatory cytokines may neutralize or 
antagonize the effect of pro-inflammatory cytokines, it is 
logical to calculate the ratios of pro- to anti-inflammatory 
cytokines as an indicator of the balance of cytokines or the 
overall cytokine bias, and thus the overall immune reactiv-
ity. Keeping this in mind, we calculated the ratios of pro- to 
anti-inflammatory cytokines in different permutations.

Given that cytokines form a network of interacting enti-
ties and that a single cytokine or a ratio of two may not 
provide sufficient information about the overall immune 
reactivity, it is of interest to study the combined levels of 

several cytokines as this may provide a better picture of 
immune reactivity. The multivariate cytokine profile may 
also suggest a pattern that can be used as a predictive tool 
to follow the progression and prognosis of the disease. We 
therefore tested our data using multivariate predictive mod-
eling statistical methods that can detect more complex differ-
ences in patterns of cytokine interrelationships than simple 
ratios or tests of correlations. We also made a classification 
model to classify patients with RA as compared to normal 
healthy controls. Moreover, we studied possible correlation 
of cytokine production patterns to disease activity.

Methods

Patients and controls

This is an observational case–control study comparing 
rheumatoid arthritis patients to healthy controls. The 
study group consisted of female patients (n = 26) with RA 
disease as per the definition of the American College of 
Rheumatology [10]. These subjects were recruited from 
the Rheumatology Unit of Mubarak Al Kabeer Hospital, 
Kuwait, and underwent clinical assessment by a single 
recruiter. All patients were treated with disease-modifying 
anti-rheumatic drugs (DMARDs), and non-steroidal anti-
inflammatory drugs (NSAIDs) were added when appro-
priate. Complete clinical and laboratory evaluations were 
conducted for the patients and accordingly categorized as 
active RA (n = 14) or remission RA (n = 12), using con-
ventional clinical tools and indices for assessment of dis-
ease activity [10]. The indices used were standard 28-joint 
disease activity score (DAS-28) [11], clinical disease activ-
ity index (CDAI) [12], and simple disease activity index 
(SDAI) [13].

The control group consisted of age-matched healthy 
female volunteers with no history of inflammatory or auto-
immune diseases, who were recruited by advertisements on 
campus (n = 28). All clinical and laboratory evaluations for 
these subjects were within the normal healthy limits. The 
study was granted ethical approval from the Health Sciences 
Center, Kuwait University and all participants gave written 
informed consent prior to participating in the study.

Patients on systemic corticosteroids were excluded due 
to possible effects of these drugs on immune function and 
cytokine production. Women who were experiencing any 
infectious disease were also excluded, due to possible sys-
temic changes in cytokine profiles. Power analysis was con-
ducted using the G*Power statistics software [14] (www.
psycho.uni-duesseldorf.de/abteilungen/aap/gpower3). Based 
on the means and SEM observed by us in previous studies on 
cytokines in pregnancy [15, 16], the tested sample numbers 
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were adequate to demonstrate differences at the 95% confi-
dence interval.

Blood sampling and measurement of CRP

The procedures for blood sampling and transport were simi-
lar for all subjects. Whole blood samples were collected in 
EDTA on the day of clinical assessment, and processed for 
erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP). Plasma and sera samples were separated and stored 
at −80 °C until analysis was done.

C-Reactive protein (CRP) was measured in the sera by 
rate nepholometry using the IMMAGE Immunochemistry 
Systems from Beckman Coulter (Galway, Ireland). The 
detection sensitivity of the assay was 0.1 mg/dL.

Mitogen‑induced stimulation of PBMC

Peripheral blood mononuclear cells (PBMC) were separated 
from blood by Ficoll-hypaque density gradient centrifuga-
tion, suspended in RPMI medium containing 10% fetal 
calf serum, aliquoted into 96-well tissue culture plates at a 
density of  105 cells per well, and then challenged with the 
mitogen phytohemagglutinin (PHA) at a concentration of 
5 μg/ml for a period of 96 h. Supernatants were collected, 
centrifuged, and stored frozen till analysis.

Estimation of cytokine levels in plasma and culture 
supernatants

A multiplex ELISA-based immunoassay, containing 
dyed microspheres conjugated with monoclonal antibod-
ies specific for target cytokines, was used according to 
the manufacturer’s instructions (Merck Millipore, Darm-
stadt, Germany). Soluble molecules were measured using 
human cytokine commercially available kits for an 8-plex 
panel (IFN-γ, TNF-α, IL-6, IL-12, IL-17, IL-4, IL-10, and 
IL-13) (HCYTOMAG-60 K). Concentrations of all analytes 
were determined using a MAGPIX array reader (Luminex, 
Austin, TX) that quantitates multiplex immunoassays in a 
96-well format with very small sample volumes. Analyte 
concentrations were calculated using standard curves, with 
software provided by the manufacturer (Luminex Manager 
Software). The sensitivity of each of the assays (minimum 
detectable concentrations, pg/ml) was as follows: TNF-α: 
0.7, IL-6: 0.9, IL-12P70: 0.6, IL-17: 0.6, IL-4: 4.5, IL-10: 
1.1, IL-13: 1.3, and IFN-γ: 0.7. Quality control measures 
were followed as per the recommendation of the manufac-
turers. The range of intra-assay coefficient of variation was 
1.6–2.9%, while that of inter-assay was 9.2–18.3%. The 
accuracy in terms of recovery in matrix ranged from 94.5 
to 104%.

Statistical methods

Normality of distribution of data was first determined by 
Kolmogorov–Smirnov test and groups were compared with 
one-way ANOVA, Student’s t test or Mann–Whitney U test. 
Categorical variables were compared using Pearson’s Chi-
square test, while Spearman’s rank correlation coefficient 
was calculated to determine correlations between different 
measures and cytokine levels. p value of less than 0.05 was 
considered statistically significant for all tests. For testing 
differences between multivariate groups, the nonparametric 
multivariate Cramer Test [17] was run in RStudio [18]. This 
test gives a p-value for testing whether two dataset samples 
are from the same multivariate distribution. The test statistic 
is the difference of the sum of all the Euclidean interpoint 
distances between the random variables from the two dif-
ferent samples, and half of the two corresponding sums of 
distances of the variables within the same sample. Thus if 
samples within a group are closer to each other than samples 
between groups, on an average, then the two data samples 
may have been generated by different distributions. This is 
a nonparametric test, and hence is suited to our cytokine 
data. Because the test is based on distances, we first log-
transformed the cytokine, and then centered and scaled the 
variables in the usual manner using the mean and stand-
ard deviation. By multivariate cytokine pattern, we mean 
the typical cytokine values/combinations associated to the 
condition.

For the classification algorithm, classification and 
regression trees (CART), the default gini method was used 
for creating trees and finding the accuracy [19]. By “accu-
racy” we mean the fraction of correct classification predic-
tions. The data are repeatedly and randomly split into a 
‘training set’ and ‘testing set’, and the training set is used 
to predict the classes (e.g., whether active or remission) 
of the testing samples. The fraction of correct predictions 
is the accuracy we refer to. One advantage of using trees 
for classification is that trees can give a fairly clear inter-
pretation as to why a given sample was classified into one 
group or the other. The reason is that the tree is designed 
so that the uppermost splits of the tree (the first few splits) 
are for the cytokine that most cleanly separates the groups. 
Hence the relative importance of each cytokine for separat-
ing the groups—cytokine importances—can be extracted by 
combining factors, such as how often and how high in the 
tree the cytokine appears. The final cytokine importance 
value is a kind of average of these factors. Variable impor-
tances are a standard and commonly used way to measure 
the relative influence of each variable in separating groups. 
Hyper parameters were optimized by cross-validation, 
while searching over these values: Max tree depth 1, 2, 3, 
4; minimum samples per leaf 5, 6, 7; the number of features 
to consider when looking for the best split was 2, 3, 4,.., 
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9. Cross-validation was undertaken by 500 random strati-
fied samples, splitting the data into train/test sets. For the 
normal vs. RA data, test sets of size 5 were used (from 54 
total data samples). For the active vs. remission data, test 
sets of size 2 were used (from 26 total data samples). Data 
and statistical analysis were done using SPSS 23 software 
(SPSS Inc., Chicago, IL, USA) and Scikit-learn [20] using 
the iPython interface [21].

Results

Demographic characteristics of subjects are as shown in 
Table 1. Patients (i.e., all RA) and healthy control sub-
jects as well as active and remission RA groups were 
similar with respect to age. Patients in the active group 

had significantly higher values of all clinical and labora-
tory measures with the exception of CRP.

Plasma and PBMC‑secreted cytokine levels in patients 
and controls

Patients with RA showed significantly higher plasma lev-
els of the pro-inflammatory cytokines TNF-α, IL-12, 
and the anti-inflammatory cytokine IL-4 as compared to 
healthy controls (p = 0.019, 0.042, and 0.013, respectively) 
(Fig. 1a). There were no significant differences in the levels 
of other pro-inflammatory or anti-inflammatory cytokines.

On the other hand, the mitogen-stimulated PBMC of the 
same groups produced significantly higher levels of the pro-
inflammatory cytokines TNF-α, IFN-γ, IL-12, and IL-17 in 
RA patients as compared to the control group (p = 0.044, 
0.004, 0.046, and 0.002, respectively). Further, the median 

Table 1  Demographics and baseline clinical characteristics of subjects enrolled in the study (mean ± SD)

VAS visual analog scale, PGA patient’s global assessment, EGA evaluator global assessment, DAS-28 standard 28-joint disease activity score, 
CDAI clinical disease activity index), SDAI simple disease activity index, ESR erythrocyte sedimentation rate, and CRP C-reactive protein

Active RA (n = 14) Remission RA (n = 12) p value All RA (n = 26) Controls (n = 28) p value

Age (years) 56 ± 11.5 51 ± 10.3 0.3 53.7 ± 11.1 51.8 ± 7.9 0.38
Swollen joint count 2.6 ± 3.3 0 0.004 1.4 ± 2.7 –
Tender joint count 3.6 ± 4.1 0 0.004 1.96 ± 3.5 –
VAS 29.3 ± 24.3 0 0.000 15.7 ± 23 –
PGA 2.9 ± 2.4 0 0.004 1.57 ± 2.3 –
EGA 3.6 ± 2.9 0 0.004 1.9 ± 2.8 –
DAS-28 4.5 ± 1.5 2.15 ± 0.35 0.000 3.4 ± 1.7 –
CDAI 12.6 ± 11.9 0 0.004 6.7 ± 10.7 –
SDAI 13.9 ± 12.3 0.7 ± 0.7 0.002 7.8 ± 11.2 –
ESR (mm/h) 77.2 ± 30.8 23.8 ± 10.9 0.000 52.6 ± 35.8 –
CRP (mg/L) 1.22 ± 1.17 0.7 ± 0.7 0.11 0.99 ± 0.99 –

Fig. 1  Levels of a plasma and b PBMC-secreted cytokines in RA patients (RA), and healthy controls (normal)
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level of the anti-inflammatory cytokine IL-10 was signifi-
cantly lower in RA patients as compared to the control group 
(p = 0.025) (Fig. 1b).

Ratios of pro‑ to anti‑inflammatory cytokines in RA 
patients and healthy controls

Interestingly, none of the cytokine ratios in plasma were sta-
tistically significantly different between the two groups (RA 
vs. healthy controls). However, in mitogen-induced PBMC 
cultures, ratios of TNF-α/IL-10, IFN-γ/IL-10, IL-17/IL-10, 
IL-12/IL-10, and IFN-γ/IL-13 were statistically signifi-
cantly higher in RA patients as compared to healthy controls 
(p = 0.002, 0.0001, 0.0001, 0.001, and 0.014 respectively) 
(Table 2).

Multivariate cytokine profiles in patients and controls

The multivariate Cramer test showed no significant dif-
ference in plasma levels of all the tested cytokines in 
patients with RA as compared to normal healthy con-
trols. Looking into prediction accuracy using the CART 
method, and as this study included 28 healthy volunteers 
and 26 RA patients, the trivial classification rule which 
assigns all subjects as normal would accurately predict 28/
(28 + 26) = 52% of patients. Hence 52% is the no-informa-
tion rate (NIR) [22], which is a baseline to compare clas-
sification accuracies. Using the CART method, we obtained 
a prediction accuracy of 64%. This is better than the NIR 
of 52%. The algorithm also provides information on the 
cytokines used to classify the two groups, as well as a value 
between 0 and 1 indicating their importance (higher values 
meaning higher importance). In this case, the cytokines and 
values were: TNF-α (0.41), IL-4 (0.29), IL-12 (0.21), and 
IL-6 (0.07).

However, the multivariate Cramer test showed significant 
differences in all the PBMC-secreted cytokines measured 
in patients with RA as compared to normal healthy con-
trols (p = 0.007). Looking into prediction accuracy using 

the CART method for the eight cytokines measured in the 
PBMC culture supernatants, we obtained a prediction accu-
racy of 69%. This accuracy is better than 52%, and more 
accurate than that obtained using the plasma samples. The 
most important cytokines were: IFN-γ (0.32), IL-17 (0.24), 
and IL-10 (0.33), where only cytokines with an importance 
value >0.05 are given. In other words, according to this 
algorithm, the most important cytokines in distinguishing 
the two groups were IFN-γ, IL-17, and IL-10.

Plasma and PBMC‑secreted cytokine levels in RA 
patients with active disease and remission

Patients with remission showed statistically significantly 
higher production of IL-6 in mitogen-stimulated PBMC cul-
tures as compared to those with active disease (p = 0.027). 
However, the differences in levels of other cytokines were 
not statistically different (Fig.  2b). Similarly, plasma 
cytokine levels were not statistically significantly different 
between the two groups (Fig. 2a). The pro- to anti-inflamma-
tory cytokine ratios in plasma and PBMC cultures were also 
not significantly different between patients with active dis-
ease as compared to those in remission (data are not shown). 
We also tested for multivariate differences between groups 
of active and remission patients in plasma or culture sam-
ples using the Cramer test, but did not find any statistically 
significant differences.

Turning to the classification algorithm, we attempted 
to classify patients into active vs. remission based only 
on their cytokine levels using the same approach as for 
the normal vs. RA groups. Because this study included 12 
patients with remission vs. 14 patients with active disease, 
the NIR baseline is 14/(14 + 12) = 54%. Using cytokine val-
ues from plasma, we obtain an accuracy of 66%. The most 
important cytokines were IL-12 (0.41), IFN-γ (0.35), and 
IL-6 (0.14). Using cytokine values from mitogen-induced 
PBMC cultures, we obtain classification accuracy of 73%, 
which is higher than the plasma value. The most impor-
tant cytokines were IL-6 (0.58) and IL-4 (0.37). In other 
words, RA patients at active or remission state of the disease 
showed a similar circulatory and culture cytokine pictures 
with respect to individual levels (with the exception of IL-6 
levels in culture), pro- to anti-inflammatory ratios as well as 
similar multivariate cytokine patterns.

Correlations between parameters and clinical measures 
of rheumatoid arthritis patients

Table  3 presents the significant correlations between 
cytokine levels and clinical indicators in patients with rheu-
matoid arthritis. It is worth mentioning that although some 
cytokines showed significant p values, the correlation values 
(rho) were in the range 0.4–0.6 indicating weak associations. 

Table 2  Ratios of pro-/anti-inflammatory cytokines from mitogen-
stimulated culture supernatants in RA patients and healthy controls

IQR interquartile range

Cytokine ratio All RA patients 
(n = 26)

Controls (n = 28) p value

Median IQR Median IQR

TNF-α/IL-10 1.726 3.936 0.582 0.805 0.002
IFN-γ/IL-10 15.741 66.059 1.134 3.320 0.000
IL-17/IL-10 0.483 0.515 0.145 0.226 0.000
IL-12/IL-10 0.008 0.017 0.003 0.003 0.001
IFN-γ/IL-13 4.915 23.098 1.120 4.358 0.014
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Among the circulatory plasma cytokine levels, IFN-γ cor-
related only with CDAI, IL-6 correlated with DAS-28, while 
levels of IL-12 and IL-13 correlated with all three clinical 
indicators, such as DAS-28, CDAI, and SDAI (Table 3). 
The plasma multivariate cytokine pattern further correlated 
significantly with DAS, SDAI, and CDAI (rho = 0.6). How-
ever, neither of the individual cytokine levels in mitogen-
stimulated PBMC culture nor the multivariate pattern cor-
related with any of the clinical measures (DAS-28, CDAI, 
and SDAI) (data not shown).

Discussion

To the best of our knowledge, this is the first study to report 
simultaneous measurement of multiple cytokines from 
plasma and cell culture supernatants followed by compari-
sons of individual levels, ratios of pro- to anti- inflammatory 
cytokines, and investigation of the differences in multivari-
ate cytokine profile patterns in RA patients as compared to 
healthy controls, and between RA patients in remission and 
active disease.

There are several studies reporting contradictory results 
on circulating levels of cytokines. We reported higher 
plasma levels of TNF-α, IL-12, and IL-4 in patients 
with RA as compared to healthy controls. However, the 
pro- to anti-inflammatory cytokine ratios in plasma were 
comparable, and similarly there was no significant differ-
ence between groups using the multivariate analysis for 
all cytokines tested. Other studies have reported a range 
from no detectable levels of cytokines in sera or plasma 
to no significant differences between the healthy and RA 
groups, and up to a wide range of significant differences 
in a variable number of individuals or combinations of 
cytokines (reviewed in [4]). Such discrepancies highlight 
the importance of analyzing a wider panel of cytokines 
and examining the balance of several cytokines rather 
than single differences. On the other hand, our study dem-
onstrates that cytokine production patterns of peripheral 
blood mononuclear cells are more discriminatory than 
plasma measurements of cytokine profiles; which provide 
optimism for the identification of potential biomarkers. As 
compared to healthy controls, PBMC from patients with 
RA produced statistically significantly different levels of 
multiple cytokines, supported by differences in ratios of 
pro- to anti-inflammatory cytokines and multivariate pat-
tern with reasonable prediction accuracy.

It is interesting that the multivariate pattern of all tested 
cytokines was discriminatory in PBMC cultures but not 
in circulatory cytokine levels. The observation of plasma 
samples having less accurate predictions as compared 
to culture supernatants could be partly explained by the 
fact that many of the cytokines were undetectable in the 
plasma, which typically means that there is less informa-
tion available in plasma measurements to differentiate 
between groups.

Table 3  Spearman correlations (rho) between circulatory plasma 
cytokine levels and clinical assessment measures of patients with 
rheumatoid arthritis

a  Correlation is significant at the 0.05 level
b  Correlation is significant at the 0.01 level

Cytokine DAS-28 CDAI SDAI

IFN-γ 0.4a

IL-6 0.4a

IL-12 0.56b 0.52b 0.41b

IL-13 0.52b 0.56b 0.48a

Fig. 2  Levels of a plasma and b PBMC-secreted cytokines in RA patients with active disease or remission
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Distinguishing active and remission on the basis of 
cytokines is more challenging than distinguishing healthy 
individuals from patients with rheumatoid arthritis [4, 9, 
23]. It would be of great clinical use to develop a tool 
to classify patients into active/remission by measuring a 
single or couple of blood markers, such as cytokines. How-
ever, with the exception of culture levels of IL-6, there 
were no differences in levels of other cytokines or ratios. 
IL-6 has several contradictory activities—while mainly 
recognized as a pro-inflammatory molecule; under some 
circumstances, it can exhibit anti-inflammatory properties 
suppressing other pro-inflammatory cytokines, such as 
IL-1, TNF-α, and IL-12 [3]. Also, while many pro-inflam-
matory cytokines are categorized as Th1-type cytokines, 
IL-6 is classified as a Th2-type cytokine [1–3]. Davis et al. 
[9] studied cytokine profiles in early and late RA, but could 
not distinguish between these groups based on cytokines 
profiles. Our data showed that neither individual levels, 
ratios of pro- to anti-inflammatory cytokines nor the mul-
tivariate patterns from plasma or culture supernatants were 
statistically significantly different in patients with active 
or remission RA. This may help explain the discrepancy 
between the clinical evaluation and inflammatory status 
of the disease.

Clinical indices were reported to have limited sensitivity 
in the detection of ongoing subclinical systemic inflamma-
tion which may explain in part the increased prevalence of 
atherosclerosis and cardiovascular complications in patients 
with rheumatic diseases [24, 25]. A patient classified as 
being in “remission” by a clinical index may still have sub-
clinical systemic inflammation which may continue to con-
tribute to joint deterioration [26].

Although we observed significant correlations between 
plasma levels of a few cytokines and some clinical indi-
ces, the associations were weak. Furthermore, neither the 
individual cytokine levels in mitogen-stimulated PBMC 
culture nor the multivariate pattern correlated with any of 
the clinical assessment indices of disease activity. While 
some earlier reports showed a positive correlation between 
plasma levels of IL-6 and disease activity [23], others 
reported no such relation [27]. This may further suggest 
that the changes in cytokine balance in these groups are 
more complex than just a simple linear pattern. Thus we 
suggest that it might be worthwhile to use multivariate 
analysis and define parameters with most discrepant con-
tribution between groups as a better approach to discrimi-
nate patients into active and remission stage of the RA 
disease. However, despite the limited data, the developed 
algorithm using the multivariate pattern of 8 cytokines 
revealed a prediction accuracy of up to 73% in classify-
ing patients as in remission or active RA using cytokine 
production patterns in mitogen-induced PBMC culture 
supernatants.

We recognize that this study has limitations. The statisti-
cal power of multivariate analysis is dependent on sample 
numbers, and there is an increased risk of “over-fitting” or 
observing false positive results when analyzing high dimen-
sional data with just a few samples (many cytokines, but 
few samples). Further, cytokine importance values are sen-
sitive to the idiosyncrasies of the particular dataset being 
studied. Given our dataset of only a few samples, and espe-
cially because the data have several variables, i.e., several 
cytokines, both the accuracies and cytokine importance 
values should be taken as tentative results, subject to future 
corroboration or adjustment. Having said that, our analysis 
and findings do point to several interesting avenues to be 
explored further.

Multivariate cytokine analysis and cytokine ratios may 
well prove to be valuable in devising strategies for immu-
nomodulatory intervention in rheumatoid arthritis. It would 
be interesting to develop a multivariate model to predict 
changes in cytokine balance and to evaluate the progression 
of patient disease status accordingly. The accuracy of such 
a model would certainly imply the use of extensive data at 
different stages of RA disease.

In conclusion, compared to normal healthy females, RA 
patients had cytokine levels, ratios, and production patterns 
that are markedly different in mitogen-stimulated PBMC 
cultures than those seen in plasma. Our data further suggest 
that it would be sensible to explore ratios of pro- to anti-
inflammatory cytokines produced by mitogen-stimulated 
PBMC, and to use multivariate cytokine patterns and algo-
rithms for better prediction of RA disease.
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