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ORIGINAL ARTICLE

Circulating soluble CTLA-4 is related to inflammatory markers  
in the 70 year old population

PRIyA SAKTHIvEL1, FREDRIK WERMELINg1,2, ANDERS ELMgREN3,  
JOHANNES HULTHE3, MARIA KAKOULIDOU1,4, ANN KARI LEFvERT1 & LARS LIND5

1Rheumatology Unit, Center for Molecular Medicine, Karolinska Institutet, Stockholm, 2Clinical Allergy Research Unit, 
Department of Medicine, Karolinska Institutet, Stockholm, 3AstraZeneca R&D, Mölndal, 4Swedish Institute for Infectious 
Disease Control, Solna, and 5Department of Medical Sciences, Uppsala University Hospital, Uppsala, Sweden
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Abstract
Objective. Measurement of inflammatory mediators is an important tool to assess inflammation. We have, therefore, con-
ducted a survey within the Prospective Investigation of the vasculature in Uppsala Seniors (PIvUS) study to evaluate the 
inter-relationship between soluble CTLA-4 (sCTLA-4) and other inflammatory markers. Materials and Methods. This is a 
population-based study, designed to quantify the circulating serum levels of sCTLA-4 and other inflammatory markers 
such as CRP and pro-inflammatory cytokines and chemokines by in-house ELISA, Immuno-turbidimetry and multiplex 
ELISA, respectively. A total of 1016 Swedish Caucasians aged 70 years old were recruited. The statistical analysis was 
performed by ANOvA. Results. The levels of sCTLA-4 were directly related to the levels of pro-inflammatory cytokines 
such as IL-6, IL-1a, IL-1b, TNF-a, IFN-g and chemokines such as IL-8. However, the levels of sCTLA-4 were inversely 
related to the levels of MCP-1. Also, we could not demonstrate any relation between the levels of sCTLA-4 and CRP or 
soluble adhesion molecules. Conclusions. Circulating sCTLA-4 could be used as a biomarker for inflammation, potentially 
reflecting dysregulated T lymphocytes.

Key Words: Soluble CTLA-4, pro-inflammatory cytokines, chemokines, vasculature and inflammation
Introduction

Inflammation is the first immune response to any 
injury, irritation or infection through the recruit-
ment of different kinds of cells to the respective 
site. Lymphocytes are particularly speculated to 
play a pivotal role in the development of chronic 
inflammatory conditions [1,2]. The activation of  
T cells requires two signals, achieved by a combi-
nation of signals delivered through the antigen–
specific T cell receptor (TCR) and subsequent 
signals through the co-stimulatory molecules which 
are either stimulatory or inhibitory [3,4]. The most 
extensively studied co-stimulatory pathway involves 
the interaction of membrane-bound CD28 or 
CTLA-4 (cytotoxic T- lymphocyte associated anti-
gen 4, also known as CD152) expressed on T cells, 
with CD80 (B7-1) and CD86 (B7-2) expressed on 
antigen presenting cells.
ISSN 0036-5513 print/ISSN 1502-7686 online © 2010 Informa UK Ltd. (In
DOI: 10.3109/00365511003695608
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Co-stimulatory molecules also exist in soluble 
forms, which are present in human sera and are 
produced either by shedding of the membrane 
receptor [5] or by alternative splicing of mRNA  
[6]. Increased levels of soluble co-stimulatory mol-
ecules are found in several human diseases. For 
instance, sCD28 was increased in patients with 
Sjögrens syndrome [5], Systemic Lupus Erythema-
tosis (SLE) [7], allergic asthma [8] and abdominal 
aortic aneurysm [9]. sCD86 was increased in 
patients with SLE [7], allergic asthma [8], leukemia 
[10] and abdominal aortic aneurysm [9]. sCD80 
was also increased in patients with SLE [7] and 
allergic asthma [8] as well as in patients with hema-
tological malignancies [11]. Elevated levels of 
sCTLA-4 were found in patients with SLE [7], 
asthma [8], thyroiditis [12] and autoimmune myas-
thenia gravis [13].
forma Healthcare, Taylor & Francis AS)
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Since sCTLA-4 was found to be elevated in  
different inflammatory human disorders, and we 
hypothesized that the elevated levels might be a 
reflection of an immune activation during inflamma-
tory conditions. Our investigation, therefore, studied 
the inter-relationship between sCTLA-4 and other 
standard inflammatory markers such as CRP, pro-
inflammatory cytokines, chemokines and other 
atherosclerotic risk factors such as soluble adhesion 
molecules in a general population aged above 70 years. 
The intention for performing the inter-relationship 
between the sCTLA-4 and other inflammatory mark-
ers among elderly Caucasians is due to the fact that 
ageing is usually accompanied with a dysregulated 
immune system.

Materials and methods

Subjects

All the subjects were 70 years old, and were living in 
the community of Uppsala, Sweden. They were cho-
sen from the community register and invited in a 
randomized order. The invitation for participation, in 
the study, was given to 2025 subjects within two 
months of their 70th birthday. Out of 2025, 1016 
subjects participated (50.2%). The study was 
approved by the ethical committee of the University 
of Uppsala, Sweden and informed consent was given 
by the participants.

Basic investigations

All the participants were asked to answer a question-
naire about their medical history, smoking habits and 
regular medications. They were examined in the 
morning after over-night fasting and were not allowed 
to take any medications or smoke since midnight. 
The height, weight and abdominal and hip circum-
ferences were recorded. Blood samples were taken 
from an arterial cannula in the brachial artery. Blood 
pressure was measured by a calibrated mercury 
sphygmomanometer in the non-cannulated arm after 
30 minutes of rest. An average of three recordings 
was used. Endothelium-dependent vasodilatation 
was measured as described [14]. Lipid profiles and 
fasting blood glucose levels were measured by stan-
dard laboratory techniques.

Reagents and antibodies

For the assay 96-well, flat-bottomed, polystyrene 
ELISA plates were used. The required chemicals 
such as reagent buffer (Tris-buffered saline, 0.1% 
bovine serum albumin, 0.05% Tween 20), blocking 
buffer [phosphate–buffered saline (PBS), 1% bovine-
serum albumin (BSA) and 5% sucrose] and washing 
buffer (PBS, 0.05% Tween 20) were prepared, filter 
sterilized and stored at 4ºC. The working concen-
trations of the antibodies and the manufacturers 
used in the assay were the same as in our previous 
work [9].

Assay for sCTLA-4 by ELISA

The serum circulating sCTLA-4 was measured  
by in-house ELISA based on the standardized  
protocol from our laboratory. The antibody concen-
tration and the dilution for the assay with the man-
ufacturer’s details are clearly stated in our previous 
work [15].

Assay for C-reactive protein by immuno-turbidimetry

High sensitive CRP was measured in human serum 
by an ultra-sensitive particle enhanced immuno- 
turbidimetric assay (Orion Diagnostica, Espoo,  
Finland) on a Konelab 20 auto-analyzer (Thermo 
Clinical Labsystems, Espoo, Finland). The inter- 
assay coefficient of variation was 3.2%.

Assay for pro-inflammatory cytokines and chemokines

Cytokines, chemokines and adhesion molecules were 
analysed on the Evidence® array biochip analyzer 
[16] (Randox Laboratories, Ltd., Crumlin, UK). 
The functional sensitivity for the different inflamma-
tory markers were as follows: IL-6: 0.3 pg/ml, IL-8: 
1.5 pg/ml, IFN-g: 1.8 pg/ml, TNF-a: 1.8 pg/ml, 
MCP-1 19.4 pg/ml, ICAM-1: 18.6 ng/ml, vCAM-
1.3 ng/ml, E-selectin 3.1 ng/ml, P-selectin 11.2 ng/ml, 
L-selectin 32.8 ng/ml and CRP: 0.1 mg/L.

Statistics

The levels of sCTLA-4 were highly skewed and not 
detectable in most subjects. We, therefore grouped 
these variables into three groups, one with undetect-
able levels, one with markedly high levels and also an 
intermediary group. Analysis of variance (ANOvA) 
was used to evaluate differences between groups, 
using the Bonferroni corrected post-hoc test. Two-
tailed significance values were given with p  0.05 
regarded as significant. The statistical program pack-
age Statview (SAS Inc, NC; USA) was used. Also, 
Spearman’s Correlation test using graphPad Prism 
version 5.0 was performed to find the correlation 
coefficient (r values) between the molecules, in 
ungrouped subjects.

Results

Basic characteristics of subjects

Basic clinical characteristics of the subjects are given 
in Table I. Approximately 10% of the cohort was 
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Table II. Self-reported history of cardiovascular (Cv) disorders 
and regular drug intake of investigated subjects (given in %). 

Characteristics  Total investigated sample

Number of participants (n) 1016
Myocardial infarction 7.1
Stroke 3.7
Angina pectoris 8.1
CABg/PTCA 5.3
Congestive heart failure 3.8
Diabetes 8.7
Any regular drug 70
Any Cv drug 45
Any antihypertensive medication 32
Beta-blockers 22
Calcium antagonists 11
Diuretics 13
ACE-inhibitors 8.5
Angiotensin II-blockers 8.3
gTN 3.0
Digoxin 2.1
Statins 15
Other antihyperlipidemic drugs 1.2
Insulin 1.8
Oral antidiabetic drugs 6.1
Warfarin 3.2
Aspirin/Clopidogrel 18
Other antiarythmic drugs 0.2

Table I. Basic characteristics and major cardiovascular risk 
factors in the subjects. 

Characteristics Total sample

Number (n) 1016
Females (%) 50.2
Height (cm) 169 (9.1)
Weight (kg) 77 (14)
Waist circumference (cm) 91 (12)
BMI (kg/m2) 27.0 (4.3)
Waist/hip ratio 0.90 (0.075)
Brachial SBP (mmHg) 150 (23)
Brachial DBP (mmHg) 79 (10)
Central SBP (mmHg) 142 (22)
Central DBP (mmHg) 80 (10)
Central PP (mmHg) 62 (17)
Heart rate (beats/min) 62 (8.7)
Serum cholesterol (mmol/l) 5.4 (1.0)
LDL-cholesterol (mmol/l) 3.3 (0.88)
HDL-cholesterol (mmol/l) 1.5 (0.42)
Serum triglycerides (mmol/l) 1.3 (0.60)
Fasting blood glucose (mmol/l) 5.3 (1.6)
Current smoking (%) 11

Means are given with SD in parenthesis. SBP  Systolic blood 
pressure, DBP  Diastolic blood pressure, PP  Pulse pressure, 
BMI  Body mass index.

Table III. Median, range and 75th and 90th percentile for the 
investigated variables.

variable Median Range
75th  

percentile
90th 

percentile

CRP (mg/L) 1.2 0.2–92 2.3 5.1
TNF-a 3.7 0.1–183 2.9 4.9
IL-6 4.1 0.1–779 2.2 13.4
IL-1a 0.1 0.1–159 0.1 0.3
IL-1b 0.6 0.1–179 0.1 1.4
IFN-g 1.6 0.1–42 0.1 2.5
IL-8 6.4 0.8–337 9.3 13.6
vCAM-1 519 217–1661 599 695
ICAM-1 346 142–938 401 470.9
e-selectin 14.7 3.5–98.8 18.9 23
p-selectin 101 1–503 119 134
l-selectin 705 230–1609 794.2 890
MCP-1 386 16–973 468 569
CTLA-4 (mg/L) 0 0–2110 0 2.0
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reported with a history of coronary heart disease, 4% 
with stroke and 9% with diabetes mellitus. Hence, 
almost 25% of the cohort already has chronic disor-
ders. However, we could not demonstrate any dis-
tinct or specific pattern for the elevated levels of 
sCTLA-4 with chronic disorders, among 25% of the 
subjects. However, almost half of the cohorts were 
reported with any cardiovascular medication (45%), 
anti-hypertensive medication being the most preva-
lent (32%). A total of 15% of them were reported  
to use statins, while insulin and oral anti-glycemic 
drugs were reported in 2 and 6%, respectively. The 
self-reported history of investigated subjects was 
given in Table II.

Since the participation rate was 50.2%, we car-
ried out an evaluation of cardiovascular disorders 
and medications in 100 consecutive non-participants 
to control that the participants are representative of 
the population. From the information recorded, the 
prevalence of cardiovascular drug intake, history of 
myocardial infarction, coronary revascularization, 
anti-hypertensive medications, statin use and insulin 
treatment were similar to those in the investigated 
subjects. However, the prevalence of diabetes, con-
gestive heart failure and stroke tended to be higher 
among the non-participants when compared with the 
participants.

The distributions of investigated variables are 
shown in Table III. The majority of the subjects 
showed undetectable or very low levels of sCTLA-4. 
However, some subjects had high levels of sCTLA-4. 
As no transformation could be performed to achieve 
normal distribution, we divided these parameters 
into three groups. One group with undetectable lev-
els, one with the intermediate levels of detection, and 
one with highly elevated levels. The limit for highly 
elevated levels was set arbitrarily, in order to achieve 
a high-level group comprising at least 60 subjects.

Relation between sCTLA-4 and CRP

The levels of sCTLA-4 and other markers of inflam-
mations were evaluated using the above described 
classification. The relation between serum levels of 
sCTLA-4 and CRP (p  0.0097) was significant, 
before correction. However, no significance was found 
after a Bonferroni/Post-hoc analysis. Moreover, the 
subjects were also analysed as a whole (i.e. ungrouped) 

CABg/PTCA, coronary re-vascularization. gTN, any nitro-
glycerine preparation.
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Figure 1. (Legend on following page).
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by the Spearman correlation test, but no significance 
was demonstrated.

Relation between sCTLA-4 and pro-inflammatory 
cytokines and chemokines

We also observed that sCTLA-4 levels were elevated 
in the subjects with high levels of pro-inflammatory 
cytokines such as TNF-a (p  0.0001), IL-6 (p  
0.0001), IL-1a (p  0.0001), IL-1b (p  0.0001) 
and IFN-g (p  0.0001). Also, there were increased 
levels of sCTLA-4 in the subjects with elevated levels 
of chemokines such as IL-8 (p  0.0001). However, 
subjects with elevated levels of sCTLA-4 had sig-
nificantly decreased levels of MCP-1 (p  0.0008), 
after Bonferroni correction (Figure 1). The Spear-
man correlation co-efficient for the ungrouped sub-
jects were: TNF (r  0.38); IL-6 (r  0.58); IL-1a 
(r  0.40); IL-1b (r  0.26); IFN-g (r  0.16); IL-8 
(r  0.16) and MCP-1 (r  -0.09).

Relation between sCTLA-4 and soluble adhesion 
molecules

The relation between the levels of sCTLA-4 and 
several soluble adhesion molecules was evaluated. 
The soluble adhesion molecules analysed were 
P-selectin (p  0.20), E-selectin (p  0.95), L-selectin 
(p  0.39), vCAM-1(p  0.75) and ICAM-1 (p  0.34). 
However, we did not demonstrate any significant 
relation between the serum levels of sCTLA-4 and 
the soluble adhesion molecules.

Discussion

The primary aim of the PIvUS study was to investi-
gate whether endothelium function measurements are 
the predictor of cardiovascular events, among the 
elderly Caucasians. We have conducted a survey within 
the PIvUS study to analyse the inter-relationship 
between sCTLA-4 and other inflammatory markers, 
as ageing is accompanied with a dysregulated immune 
system which might lead to chronic disorders.

There are several biomarkers routinely analy-
sed to evaluate inflammatory conditions [17,18]. 
Among them, C-reactive protein (CRP) is the most 
extensively studied diagnostic marker for estimating 
cardiovascular risk factor [19], chronic kidney dis-
ease [20], and metabolic syndrome [21]. Also, the 
serum levels of the pro-inflammatory cytokines such 
as Interleukin (IL)-1b [22], Tumor necrosis factor 
(TNF)-a and IL-6 have been used as biomarkers for 
acute inflammatory conditions [18].

The CXC chemokine family member, IL-8 acts as 
an independent predictor for coronary artery disease 
[23]. Monocyte chemoattractant protein (MCP)-1, 
belonging to the CC family of chemokines, plays a 
role in the recruitment of lymphocytes with a subse-
quent role in the development of atherosclerosis 
[24]. Adhesion molecules play an important role in 
lymphocyte trafficking [25] and are also recognized 
as biomarkers [26].

Accordingly, our present study shows a direct 
relation of sCTLA-4 to pro-inflammatory cytokines 
and a chemokine in an elderly population More-
over, equal proportions of men and women around 
70 years of age were selected as at this age both the 
sexs are prone to the development of inflammatory 
disorders [27,28].

In this study, the lack of relation between 
sCTLA-4 and CRP might possibly indicate the inde-
pendent role of CRP and sCTLA-4 in the inflamma-
tory process. Otherwise, these molecules might occur 
in the serum and might exhibit their biological roles 
at different time points. Accordingly, a recent report 
has shown the induction of dendritic-cell mediated 
T-cell activation by CRP, indicating different time 
involvement of the molecules [29].

However, the direct positive relation between 
sCTLA-4 and pro-inflammatory cytokines [30] 
reflects the involvement of an activated immune sys-
tem. Also, the chemokine, IL-8 is positively related 
to the levels of sCTLA-4. This finding is evident in 
interpreting and evaluating the role of sCTLA-4 in 
inflammation. Furthermore, we show an inverse rela-
tion of sCTLA-4 to MCP-1. One of the main roles 
of MCP-1[24,31] is to recruit leukocytes, leading to 
atherosclerosis. Consistently, we show no relation 
between sCTLA-4 to other atherosclerotic risk mark-
ers. This shows that the sCTLA-4 act in a non-
redundant fashion with other atherosclerotic risk 
factors. In accordance with this result, the levels of 
sCTLA-4 did not show any discrete pattern in the 
subjects with cardiovascular disorders.

Previously, sCTLA-4 was shown to be produced 
by resting T cells. However, subsequent activation of 
T cells decreased the production of sCTLA-4 with 
Figure 1. (A) IL-6 levels according to sCTLA-4 levels. Subjects were grouped, if sCTLA-4 levels were undetectable (zero value, 0) (n  633), 
above 0 but lower than 30 mg/L (n  258) or 30 mg/L and above (n  53). (B) TNF-a levels according to sCTLA-4 levels. Subjects were 
grouped, if sCTLA-4 levels were 0 (n  633), above 0 but lower than 30 mg/L (n  265) or 30 mg/L and above (n  60). (C) MCP-1 levels 
according to sCTLA-4 levels. Subjects were grouped, if sCTLA-4 levels were 0 (n  630), above 0 but lower than 30 mg/L (n  263) or 30 
mg/L and above (n  59). (D) IL-8 levels according to sCTLA-4 levels. Subjects were grouped, if sCTLA-4 levels were 0 (n  635), above 
0 but lower than 30 mg/L (n  263) or 30 mg/L and above (n  60). (E) IFN-g levels according to sCTLA-4 levels. Subjects were grouped, 
if sCTLA-4 levels were 0 (n  631), above 0 but lower than 30 mg/L (n  264) or 30 mg/L and above (n  60). (F) IL-1a levels according 
to sCTLA-4 levels. Subjects were grouped, if sCTLA-4 levels were 0 (n  635), above 0 but lower than 30 mg/L (n  264) or 30 mg/L and 
above (n  60). (g) IL-1b levels according to sCTLA-4 levels. Subjects were grouped, if sCTLA-4 levels were 0 (n  632), above 0 but 
lower than 30 mg/L (n  264) or 30 mg/L and above (n  60). Means and SEM are given.



6 P. Sakthivel et al. 

Sc
an

d 
J 

C
lin

 L
ab

 I
nv

es
t D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 O
f 

U
pp

sa
la

 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.
a corresponding increase in the membrane-bound 
CTLA-4 (mCTLA-4) [32]. This indicates that 
sCTLA-4 is involved in early regulation immune 
responses. Contradictorily, many reports have shown 
the elevated levels of sCTLA-4 in various human 
inflammatory disorders, reflecting T cell dysregula-
tion [7,8,13]. Also, studies have supported the notion 
that the levels of sCTLA-4 levels increased with 
severity of the disease [33]. The possible reason 
might be the blockade of the mCTLA-4 pathway by 
sCTLA-4, leading to persistent T cell activation and 
exacerbation of inflammatory conditions.

As sCTLA-4 was shown to be produced by the 
resting or at the post-activated state of T cells [32], 
the direct relation between the sCTLA-4 and the 
inflammatory markers possibly reflects their exis-
tence by proteolytic cleavage from mCTLA-4, when 
the T cells are exhausted during their activation 
phase. In our study, about 25% of the cohort had 
underlying chronic inflammation. Despite this, we 
did not find any specific pattern of sCTLA-4 levels 
to those disorders. A possible reason for the direct 
relation of sCTLA-4 to inflammatory markers  
might be due to the immune activation during acute 
infection. The other possibility is that the direct 
relation might represent the initiation of future 
development for chronic inflammatory conditions, 
as the medical history of the subjects states that 
almost half of the subjects were under any cardio-
vascular medication.

Furthermore, the production of pro-inflamma-
tory cytokine such as TNF-alpha and IL-6 is very 
immediate, during the immune responses. Thus, the 
direct relation between the pro-inflammatory cytok-
ines and sCTLA-4 might indicate the role of circulat-
ing memory lymphocytes [34] in the production of 
sCTLA-4, with faster kinetics. In general, the aging 
is accompanied by two to four fold increases in the 
acute phase proteins and pro-inflammatory cytok-
ines, due to the life styles [35]. This indicates an 
ongoing low-grade inflammation in the aged people 
which might further lead to chronic disorders, in 
later phase. The variability in the levels of sCTLA-4 
is due to the admixture of the population containing 
both sick and healthy people. Thus, the T cell dys-
regulation could be proved indirectly from the posi-
tive relationship between sCTLA-4 and potent 
pro-inflammatory cytokines and IL-8. However, the 
major limitation of our study is that our results are 
confined to the elderly population. In future, study-
ing the inter-relation between the inflammatory mol-
ecules in the younger population is desirable.

To the best of our knowledge, this study is the 
first to correlate the levels of CRP, pro-inflammatory 
cytokines and chemokines to the levels of sCTLA-4 
and we hypothesize that sCTLA-4 could serve as a 
surrogate biomarker in estimating inflammation, due 
to dysregulated T cell co-stimulation.
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