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Diagnostic and prognostic values of serum
HSP70 and YKL-40 in patients with rheumatoid
arthritis

Objective: We aimed to study the applicability of heat shock protein 70 (HSP70) and YKL-40 serum levels
as diagnostic and prognostic factors in patients with RA. Subjects and Methods: Sixty RA patients with
60 matched healthy persons were included in this study. Disease activity levels of RA were assessed
by diseases activity score-28 (DAS28). Complete Blood Count (CBC), Erythrocytes Sedimentation Rate
(ESR), serum C-reactive Protein (CRP), Rheumatoid Factor (RF), Anticyclic Cetrolinated Peptide (Anti-
CCP), HSP70 and YKL-40 were measured. Results: HSP70 level were significantly higher in patients with
severe activity (0.922 + 0.103 ng/mL) compared to other groups (p<0.001). Interestingly, HSP70 levels
in patients within remission phase were still higher than control subjects (0.372+0.176 vs.0.173 £ 0.11
ng/mL, p<0.05). Also, there was a significant difference in HSP70 level between patients in remission
and patients with mild (0.478 + 0.255 ng/mL) or moderate (0.619 + 0.207 ng/mL) disease activity.
YKL-40 also has a similar pattern of HSP70 in different grades of RA activity. It was significantly higher
in patients with severe activity of RA (386.85 + 22.61 ng/mL) compared to other groups (p<0.001)
and its level in patients within remission phase was still higher than control subjects (179.0 + 73.19
vs. 50.26 £ 11.18 ng/mL, p<0.05), with a significant difference in YKL-40 level between patients in
remission and patients with mild (230.0 £ 116.15 ng/mL) or moderate (256.74 + 89.92 ng/mL) disease
activityHSP70 predicted RA at a cutoff = 0.50 ng/mL with 76.09% sensitivity and 87.84 % specificity
while YKL-40 predicted those having RA in levels more than 100 ng/mL with 100% sensitivity and
78.38% specificity. Conclusion: Both HSP70 and YKL-40 can be used as markers for diagnosis and
monitoring of disease activity in patients with RA.
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Introduction

from progressive destruction [7].
Rheumatoid Arthritis (RA) is a systemic prog

interleukin-10 (IL-10), hence protecting joints

autoimmune disease presented by symmetrical

inflammatory polyarthritis affecting
predominantly smaller joints such as hands and
feet but can also affect large joints [1]. It is the
most common cause of inflammatory arthritis

affecting 0.8% of the world’s population [2].

Lots of researches are made to identify a
biomarker, which alone or in combination with
other conventional markers could be useful for
diagnosis and monitoring of RA [3]. The 70 kDa
heat shock protein (HSP70) resembles one of
these markers. It is released from damaged cells
after stress and has been found in the bloodstream
of patients suffering from autoimmune diseases
[4] including RA [5,6]. Furthermore, HSP70
could alter immune cells activity through
changes in secretion of inflammatory cytokines
such as tumor necrosis alpha (TNF-alpha) and

YKL-40, another potential biomarker of
inflammatory processes, is a chitinase-like
protein that binds chitin with no chitinase
activity. The protein was named YKL-40 based
on its three N-terminal amino acids tyrosine
(Y), lysine (K) and leucine (L), and its molecular
mass of 40 kDa [8].

Several studies indicate that secretion levels
of YKI-40 are elevated in patients with diseases
characterized by inflammation, increased
extracellular remodeling and ongoing fibrosis
[9] such as cancer [10], coronary artery disease
[11], heart failure [12], ischemic cerebrovascular
disease [13], diabetes [14], asthma [15], Chronic
Obstructive Pulmonary Disease (COPD) [16],
pneumonia [17], sepsis [18], osteoarthritis [19]
and RA [20,21]. However, there is still a paucity
of studies about the potential diagnostic and

prognostic role of HSP70 and YKL-40 in RA.
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The aim of our study was to investigate
whether HSP70 and YKL-40 might be useful
biomarkers for diagnosis and monitoring of
disease activity in RA.

Subjects and methods

Sixty RA patients (19 men and 41 women)
with a mean age of 38.61 + 11.00 years were
recruited from Rheumatology Clinic of Al-Azhar
University Hospital (Assiut), between November
2015 and October 2016. They were classified
as having RA according to ACR/EULAR 2010
criteria [22].

Patients with acute or chronic renal failure,
glomerulonephritis, congestive heart failure,
acute infections, pregnancy, thyroid disorders,
bronchial asthma, diabetes and those admitted to
hospital during the last 3 months were excluded
from this study. None of the studied women
were on hormonal therapy.

The age-matched control sera were obtained
from 60 healthy persons; 14 men and 26 women
with a mean age of 36.78 + 12.47 years. None
of them were taking any medicine and none had
any signs or clinical symptoms of cancer, joint or
liver disease.

'The study protocol was approved by the local
ethics committee of Al-Azhar University, and all
patients gave an informed consent.

Examination of patients

Complete history taking including general
and demographic data as age, sex, age of disease
onset and disease duration were recorded.
General and local examination including total
number of swollen joints, joints with tenderness
and extra-articular involvement were recorded.
Disease activity score (DAS-28) was adopted for
assessment of disease activity [23]. Drug history
of patients also was recorded.

Biochemical analysis

Blood samples were collected from patients
and controls (five milliliters of venous blood)
using a 22G disposable syringe under aseptic
technique. These specimens were divided to
three aliquots: First aliquot; 1.6 ml of blood was
added to a tube containing 0.4 sodium citrate
for ESR measurement by Westergren method.
Second aliquot; about 1.5 ml of blood was
added to a tube containing k3EDTA for CBC
measurement on automated cell counter Drew
system (Erba” Diagnostics INC, USA). For the
third aliquot, the remaining part of specimen was
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placed in a sterile plane tube and allowed to clot,
and then serum was separated by centrifugation
at 2500 rpm for 15 min. The sera were stored at
-10°C until used for the following tests:

e CRP and RF were assayed by Reactivos
GPL TURBILATEX' kit, Spain) using
Photometer 5010 system (Robert Riele,
Berlin, Germany).

e Anti- CCP levels were determined
by ELISA kit (CCP31-KO1, Eagle
Biosciences, USA), which measures

human IgG antibody against CCP.

e Serum HSP70 was measured using a
quantitative sandwich enzyme-linked
immunosorbent assay (ELISA) (ADI-
EKS-750, Enzo’, Switzerland). The intra-
and inter-assay coefficient of variation
(CV) <10% with sensitivity up to
6.79 ng/L.

e Serum YKL-40 was measured using a
Human Chitinase-3-like  1(YKL-40)
ELISA kit (Aviscera Bioscience, INC,
USA). The intra-assay CV  ranged
between 4.0 and 6.0% with a sensitivity
of 50 ng/L.

= ELISA technique was done on Stat Fax
system (Awareness Technology Inc.

USA).
Statistical analysis

Statistical analysis was performed using
the Statistical Package for the Social Sciences
(SPSS) version 20.0 (IBM, Chicago, IL). Data
are presented as mean + SD, or numbers as
appropriate. Parametric values were analyzed
using the student’s t-test. Non-parametric
values were studied using the Chi-square test
or Fisher’s exact test. Mann-Whitney test was
used for unpaired differences. Correlations
between the different parameters were calculated
by the Spearman test and p values of 0.05 were
considered significant.

Results

Baseline characteristics of healthy controls
and patients with rheumatoid arthritis are
summarized in Table 1. Patients were more
likely to have a higher average of conventional
markers, Anti-CCP, HSP70 and YKL-40 levels
than the control group with p<0.01.

Statistical comparison of ESR, CRP, RF
and Anti-CCP between patients with various
disease activity levels revealed highly significant
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Table 1. Baseline characteristics of healthy controls and patients with rheumatoid arthritis.

Control group Patient group
no=60 no=60

Parameters AL :Vlean ; SD :Vlean l sD ttest P value

No or % No or %
Age (years) 36.78 £ 12.47 38.61+11.00 1.003 0.3199
Sex (Male: female) 14:46 19:41 0.669 0.413"
Age of onset (years) - 28.28 +7.48 - -
Disease duration (years) 1031 +6.21 - -
Extra-articular manifestations 23 (38.3 %) - -
DAS28-28: Remission 8(13.3%) - -
Low activity 6 (10.0 %) - -
Moderate activity 39 (65.0 %) - -
High activity - 7 (11.7 %) - -
Hb g/dL 12.71 £0.98 1143 +1.49 5.658 <0.0001
RBCs x 10%/ml 4.72+0.19 4.65+0.59 0.834 0.407
Platelet x 103/ml 287.35+75.86 252.75+£62.76 3.040 0.0035
WBCs x 103/ml 8.01£2.01 9.41 £ 3.09 3.085 0.0031
ESR mm/h 9.06 +£4.32 36.75+19.24 11.015 <0.0001
CRP mg/L 352+143 19.23 £13.49 9.065 <0.0001
RF IU/mL 3.17 £2.73 9.51 £6.51 6.359 <0.0001
Anti-CCP IU/mL 6.01 £2.60 29.62 + 13.41 12.992 <0.0001
HSP70 ng/mL 0.173 £0.11 0.608 = 0.24 12.740 <0.0001
YKL-40 ng/mL 50.26 £ 11.18 258.88 £99.61 16.253 <0.0001
*Tested by Chi-square test; DAS28: Disease Activity Score; Hb: Hemoglobin; RBCs: Red Blood Cells; WBCs: White
Blood Cells; ESR: Erythrocytic Sedimentation Rate; CRP: C-reactive Protein, RF: Rheumatoid Factor; Anti-CCP: Anti-
citrullinated Cyclic Peptide; HSP70: Heat Shock Proteins-70; YKL-40: Tyrosine, Lysine and Leucine with Molecular
Mass 40 kDa

difference in ESR, CRP, RF and Anti-CCP
markers in patients with severe form of RA
compared to other groups. They were still higher
in patients in remission stage of RA compared
to healthy control group but there were no
significant differences in their levels between
patients with remission compared to those with

mild activity of RA (Table 2).

HSP70 level were significantly higher in
patients with severe activity (0.922 = 0.103
ng/mL) compared to other groups (p<0.001).
Interestingly, HSP70 levels in patients within
remission phase were still higher than control
subjects (0.372 + 0.176 vs. 0.173 + 0.11 ng/mL,
p<0.05). Also, there was a significant difference
in HSP70 level between patients in remission
and patients with mild (0.478 + 0.255 ng/mL)
or moderate (0.619 + 0.207 ng/mL) disease
activity (Table 2)

YKL-40 also has a similar pattern of HSP70 in
different grades of RA activity. It was significantly
higher in patients with severe activity of RA
(386.85 + 22.61 ng/mL) compared to other
groups (p<0.001) and its level in patients within
remission phase was still higher than control
subjects (179.0 £ 73.19 vs. 50.26 + 11.18 ng/mL,
p<0.05), with a significant difference in YKL-40

level between patients in remission and patients
with mild (230.0 + 116.15 ng/mL) or moderate
(256.74 + 89.92 ng/ml) disease activity (Figure
1 and Table 2).

Receiver operating characteristic (ROC)
curve analysis was performed to evaluate
diagnostic accuracy of HSP70 and YKL-40 in
discriminating patients with RA from control
subjects. HSP70 tended to be a more specific
(AUC was 0.873 with 87.84% specificity)
than YKL-40 (AUC was 0.883 and 78.38%
specificity), ESR (AUC was 0.805 and 66.22%
specificity), CRP (AUC was 0.775 and 71.62%
specificity) and RF (AUC was 0.864 and 85.10%
specificity) tests but less specific than Anti-CCP
test (AUC was 0.907 and 89.73% specificity) in
diagnosing RA. Next, we investigated cut-offs in
which these markers predicts state of having RA.
Statistical analysis of our results presume the 10
mm/h, 5.6 mg/L, 8.2 IU/mL, 10.1 ITU/ml, 0.50
ng/mL and 100 ng/mL as the optimum cut-off
points of ESR, CRP, RF, Anti-CCP, HSP70 and
YKL-40 respectively in diagnosis of RA (Figure
2 and Table 3).

Statistically significant positive correlations
were found between HSP70 and DAS2S8,
ESR, CRP, RF and Anti-CCP. The same
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Table 2. Studied parameters in different stages of rheumatoi

d arthritis activity.

Groups Control Remission Mild Moderate Severe
Parameters No=60 No=8 No=6 No=39 No=7
ESR mm/h 9.06 +4.32 22.5+7.58 25.0 £20.87 37.05+12.81 60.71 +£31.31
CRP mg/L 352+1.43 10.13+£7.02 10.58 + 6.06 18.65 +9.61 40.21 +£20.42
RF IU/mL 3171273 6.06 + 2.99 8.11 £ 4.69 9.19 £ 6.09 16.42 +8.87
Anti-CCP IU/mL 6.01 +2.60 18.51 +3.04 20.66 + 3.20 28.37 £8.92 56.97 £ 10.81
HSP70 ng/mL 0.173+£0.11 0.372+0.176 0.478 £0.255 0.619 +0.207 0.922 +£0.103
YKL-40 ng/mL 50.26+11.18 179.0+73.19 230.0+£116.15 256.74 + 89.92 386.85 +22.61
P value
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
<0.001 <0.001 <0.001 <0.001 0.757 0.003 0.005 0.056 0.037 0.001
<0.001 <0.001 <0.001 <0.001  0.902 0.022 0.001 0.053 0.005 0.0001
0.007 0.0002 <0.001 <0.001 0.336 0.165 0.081 0.680 0.064 0.010
<0.001 <0.001 <0.001 <0.001 0.224 0.003 <0.001 0.043 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 0373 0.003 <0.001 0.138 0.001 0.0005
<0.001 <0.001 <0.001 <0.001 0.332 0.026 <0.001 0.522 0.004 0.0005
P1: Patients with remission versus healthy control; P2: Patients with mild activity versus healthy control; P3: Patients with moderate activity
versus healthy control; P4: Patients with severe activity versus healthy control; P5: Patients with mild activity versus those with remission;
P6: Patients with moderate activity those with remission; P7: Patients with severe activity those with remission; P8: Patients with moderate
activity versus those with mild activity; P9: Patients with severe activity versus those with mild activity; P10: Patients with severe activity
versus those with moderate activity; ESR: Erythrocytic Sedimentation Rate; CRP: C-reactive Protein, RF: Rheumatoid Factor; Anti-CCP: Anti-
citrullinated Cyclic Peptide; HSP70: Heat Shock Proteins-70; YKL-40: Tyrosine, Lysine and Leucine with Molecular Mass 40 kDa
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Figure 1. Correlation between the pattern of HSP70 and YKL-40 in rheumatoid activity.
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Figure 2. Receiver Operating Characteristic (ROC) curve statistics for serum HSP70 and YKL-40
levels in diagnosis of rheumatoid arthritis.
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Table 3. ROC curve analysis of studied parameters of rheumatoid arthritis.
AUC Pvalue Cutoff

ESR mm/h 0.805 0.0001 10
CRP mg/L 0.775 0.0001 5.6
RF IU/mL 0.864 0.0001 8.2
Anti-CCP IU/mL 0.907 0.0001 10.1
HSP70 ng/mL 0.873 0.0001 0.50
YKL-40 ng/mL 0.883 0.0001 100

Sensitivity Specificity +LR -LR
97.83 66.22 2.90 0.03
69.57 71.62 245 0.42
84.78 85.10 5.70 0.18
100.0 89.73 4.93 0.00
76.09 87.84 6.26 0.27
100.0 78.38 4.62 0.00

Tyrosine, Lysine and Leucine with Molecular Mass 40 kDa

+LR: Positive Likelihood Ratio; -LR: Negative Likelihood Ratio; ESR: Erythrocytic Sedimentation Rate; CRP: C-reactive
Protein; RF: Rheumatoid Factor; Anti-CCP: Anti-citrullinated Cyclic Peptide; HSP70: Heat Shock Proteins-70; YKL-40:

correlations were found between YKIL-40 and
these parameters. Moreover, HSP70 in serum
was significantly positively correlated with serum

YKL-40 (Table 4).

Regarding the treatment, all patients were
on methotrexate or leflunamide as disease
modifying anti-rheumatic drugs in addition to
hydrocxychloroquine and low dose prednisolone.
No one of our patients was receiving biologic
treatment.

Discussion

Chronic active inflammation of the
theumatoid joint often leads to irreversible
destruction of articular cartilage and subchondral
bone. Measurements of acute-phase reactants
as ESR and CRP are considered to be suitable
biochemical markers for long-term monitoring
of disease activity in RA. However, differences
exist between clinical disease activity and the
level of these markers [20].

Measurement of RF is not specific for diagnosis
of RA and it can be found in other autoimmune
diseases, non-autoimmune conditions and in

3-5% of the healthy population [24].

Table 4. Correlation between studied
parameters.

HSP70 YKL-40
r p r p
Age 0.084 0362 0.102 0.267

Disease duration |0.004 0.975 0.028 0.834
DAS28 score 0.457 0.000 0.382 0.002

ESR 0.761 0.000 0.777 0.000
CRP 0.717 0.000 0.699 0.000
RF 0543 0.000 0.569 0.000
Anti-CCP 0.879 0.000 0.890 0.000
YKL-40 0.860 0.000 - -

r: Pearson Correlation Coefficient; p: Significance Level;
ESR:  Erythrocytic Sedimentation Rate; CRP:C-
reactive Protein; RF: Rheumatoid Factor; Anti-CCP:
Anti-citrullinated Cyclic Peptide; HSP70: Heat Shock
Proteins-70; YKL-40: Tyrosine, Lysine and Leucine with
Molecular Mass 40 kDa

In our study, ESR, CRP, RF and Anti-CCP
markers were higher in patients with severe RA
compared to other groups of disease activity.
These markers also found to be higher in patients
with remission state compared to healthy control
group. These results were in agreement with
Serdaroglu ez al. [25] and Vanichapuntu ez al.
[26] studies. They found that none of these
markers have definitely allowed for accurate
monitoring of RA activity.

The emergence of the Anti-CCP Antibody
assay, as a new serological marker for RA, helped in
earlier diagnosis and changed treatment decisions
of RA [27]. Anti-CCP test in conjunction with
RF gives a more reliable early diagnosis of RA
and found to have a prognostic value. Moreover,
this biomarker was reported to be correlated with

radiographic damage in RA [28].

To the best of our knowledge, few studies
to date have experimentally tested the serum
levels of HSP70 in patients with RA. In our
study, HSP70 levels were significantly higher
in patients with severe activity of RA compared
to other groups of disease activity. Interestingly,
HSP70 levels in remission phase were still
higher than control subjects. Also, there was a
significant difference in its level between patients
in remission and patients with mild or moderate
disease activity.

In agreement with our results, Hayem e al.
[29] showed increased concentration of HSP70
in patients with RA, which was correlated with
RA activity. This is contrary to a study done
by Sedlackova er al. [6] showed insignificant
difference in serum HSP70 levels in patients
with RA compared to control subjects. However,
the participants in their study were only RF-
positive; while in our study both RE-positive and
RF-negative patients were enrolled.

We observed that serum HSP70 levels are
elevated in patients with RA and could be used
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as a diagnostic test for RA. Increased serum levels
of HSP70 in patients with RA were independent
of serum RF and anti-CCP status. ROC curve
analysis revealed that HSP70 is less specific and
less sensitive than anti-CCP. Nevertheless, it
tends to be a specific test, rather than being a
sensitive one for diagnosis of RA.

On the other
significant increase in YKL-40 serum levels
in patients with high RA activity compared to
those in remission, or those with low/moderate

hand, we demonstrated

RA activity. Interestingly, patients in remission
still had significant higher serum YKL-40 levels
compared to control subjects. These results
support the relative specificity of YKL40 in
distinguishing high disease activity from other
severity grades and patients in remission from
healthy subjects.

The resules of this study showed no
correlation of serum YKL-40 with age or disease
duration. This is in agreement with the finding
of Vos et al. [30], Peltomaa et al. [31], Kassem ez
al. [20] and Kazakova e 4l. [32]. On the other
hand, we found significant positive correlation
between serum YKL-40 and ESR, CRP, RF and
anti-CCP. This is in agreement with Vos et al.,
[30], Syversen et al. [33], Kassem ez al. [20] and
Kazakova et al [32].

In this study, serum YKL-40 levels were
influenced by the disease activity as evaluated
by DAS-28. There was a statistically significant
increase in serum YKL-40 in active RA patients
in comparison to inactive patients. This finding
coincided with Johansen ez 4/ [34] and Kassem
et al. [20] who confirmed that serum YKL-40
was increased in patients with active disease.
Also, Syversen er al. [33] found an association
between YKL-40 and DAS28 in their RA
patients.

In our study, a statistically significant
correlation was found between serum YKL-
40 and clinical parameters and disease activity
markers. This consistent with Volck et 2/ [35]
who also found significant correlation between
serum and synovial fluid concentrations of YKL~
40 in RA patients with ESR and CRP. The same
was reported by Johansen er al. [34], Vos et al.
[30] and Matsumoto & Tsurumoto [36]. In
another study, Johansen ¢z al [37] stated that
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approximately 70% of their RA patients with
elevated serum YKL-40 had also high ESR or
serum CRP indicating that ESR, serum CRP
and YKL-40 levels reflect inflammation of
RA patients, differently. Also, Syversen er al.
[33] stated that YKL-40 is a marker of joint

inflammation in RA.

We suppose that YKL-40 could provide
a different and a more local view of the
inflammatory process than conventional
biomarkers such as ESR, CRP and RF. The
explanation may lie in the fact that YKL-40
is secreted by activated macrophages in the
inflamed synovial membrane [38] or released
of
neutrophils [39] and by articular chondrocytes
[40]. Inspite of the treatment, 39 (65%) of
our patients presented with active RA which
indicates that they could be regarded as non-

by exocytosis from specific granules

responders to the applied therapy. A similar
phenomenon was recorded by Knudsen ez al.
[41], Takahashi er al., [42] and Zyvanovic er
al. [43].

The relationship between the concentration
of HSP70 and YKL-40 levels with conventional
parameters and DAS28 score of disease activity
indicates that both markers are associated with
progression of inflammatory processes.

Conclusion

We concluded that serum levels of HSP70
and YKL-40 can be used as diagnostic tests in
RA. We found a significant positive correlation
between these markers and severity of RA.
Positive correlation of these markers with
other well-established RA markers point to the
importance of HSP70 and YKL-40 as serum
makers in predicting the outcome of RA.
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