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Abstract

Objective
Patients with rheumatoid arthritis (RA) have an accelerated progression of atherosclerosis. The aims of this study were
to study the associations between subsets of T-cells, subclinical atherosclerosis assessed by intima-media thickness (IMT)
and serological status for CMV in patients with RA.
Methods
Patients with new-onset RA (n=79), aged ≤60 years at diagnosis, were included in a prospective study of atherosclerosis.
Controls matched for age and sex were also included (n=44). Ultrasound measurement of IMT in the common carotid
artery was undertaken at inclusion (T0), after 1.5 years (T1.5) and after 11 years (T11). At T11, flow-cytometry analysis
was undertaken to investigate subsets of T-cells. Serological analysis for CMV was undertaken from samples collected at T0.
Results
At T0, 66% of the patients and controls were CMV immunoglobulin G-positive. CMV-IgG positive patients had a
significantly more rapid increase in IMT at T1.5, compared with controls and CMV-IgG negative patients. CMV-IgG
positive patients had a significantly higher percentage of T-cells lacking CD28 (both CD4+CD28null and CD8+CD28null
T-cells) than CMV-IgG negative patients. Increased levels of CD4+CD28null and CD8+CD28null T-cells were
significantly associated with IMT at T11, adjusted for systolic blood pressure. CX3CR1 was expressed in CD4+ and
CD8+ CD28null T-cells, but CX3CR1 per se was not associated with increased IMT.
Conclusion
Presence of CMV IgG-antibodies in patients with RA is associated with altered T-cell-populations and an increased
burden of atherosclerosis. A possible protective effect of antiviral treatment in CMV-positive patients with new-onset
RA should be considered.
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Introduction
Morbidity and mortality due to cardiovascular disease are increased in patients with rheumatoid arthritis (RA),
compared to the general population (13). This increase in cardiovascular disease reflects the fact that patients with
RA have a higher burden of atherosclerosis (4, 5). The mechanisms causing
increased atherosclerosis in RA are not
fully understood, but the increase cannot be explained merely by traditional
risk factors, nor by inflammation or
other RA-specific factors (6).
Atherosclerosis is an inflammatory
process, involving T-cells (7). To be
activated, naïve T-cells need co-stimulation from the co-receptor CD28.
Patients with RA have an altered T-cell
population, where CD4+ T-cell clones
with cytotoxic features and signs of
chronic activation are expanded and
there is an increased number of CD4+
T-cells lacking CD28 (CD28null Tcells) (8, 9). These cells are terminally
differentiated and pro-inflammatory
(10). Previous studies have shown increased numbers of CD4+CD28null
T-cells in patients with cardiovascular
disease in the general population (11).
In previous studies in patients with RA,
CD4+CD28null T-cells were associated
with increased intima-media thickness
(IMT) and coronary artery calcification
(12, 13).
CD8+CD28null T-cells have been less
studied in atherosclerotic diseases, although CD8+ T-cells are a prominent
inflammatory cell type in advanced
atherosclerotic lesions (14). However,
altered CD8+ T-cell-populations have
been linked to atherosclerosis in the
general population (15, 16).
Infection with human cytomegalovirus
(CMV) is associated with increased
numbers of CD28null T-cells in both
patients with rheumatoid arthritis
(17, 18) and in the general population (19-21). There are several studies
where CMV-infection has been associated with atherosclerosis in the general
population (22), but to the best of our
knowledge, no such studies on patients
with RA have been published.
In a previous study of patients with
RA, CX3CR1 expression on the surface of CD4+CD28null T-cells was

associated with increased IMT (23).
CX3CR1 is the receptor of fractalkine,
a membrane-bound chemokine that is
expressed on activated endothelium.
Thus, the fractalkine-CX3CR1 interaction mediates leucocyte adhesion to the
activated endothelium (24). Both the
expression of CX3CR1 on the surface
of T-cells and the expression of fractalkine on endothelial cells increase
during CMV-infection (25).
This study aims to investigate possible
associations between subsets of T-cells,
CX3CR1 expression, serological status
for CMV, and subclinical atherosclerosis assessed by IMT in a prospective
cohort of patient with recent onset RA.
Methods
Patients
This study was undertaken as part of an
ongoing prospective study of development of atherosclerosis in patients with
early RA. The procedures have previously been described in detail (26). In
short, patients diagnosed with RA (fulfilling the American College of Rheumatology criteria of 1987 (27)), less
than 60 years of age and with symptoms of RA for less than one year at
diagnosis, were invited to a prospective
study of atherosclerosis (n=71). The
first assessment at the start of the study
is hereafter called T0. At follow-up 11
years after inclusion in the study (T11),
58 patients were re-examined. Due to
a hardware crash, ultrasound examinations from seven patients were lost and
IMT could not be analysed in those patients. One patient did not participate
in the flow-cytometry analysis at T11,
leaving 50 patients with complete data
from T11. At T0, 44 controls without
RA were included, of whom 29 were
re-assessed at T11. The controls were
matched for age and sex at T0. An unselected subgroup of 27 patients with
RA, and their matched controls, were
also examined 1.5 years after inclusion in the study (T1.5). Blood lipids
were measured by routine methods at
each hospital. At the study visits, blood
pressure was measured. Cardiovascular
risk factors were assessed from a patients survey studies and studies of patients’ records. Descriptive data on the
50 patients and 29 controls included in
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this study are presented in Table I. Protein tyrosine phosphatase, non-receptor
type 22 (PTPN22) 1858T allele, HLADRB1 shared epitope (SE) (defined as
0101/0401/0404/0405/0408), anti-CCP
and Larsen score were assessed as previously described (28). The patients
were treated for their RA according to
clinical practice during the study period. The study was performed in line
with the Helsinki declaration and approval was obtained from the regional
Board of Ethics at Umeå University
(Dnr 01-183). All participants gave
their written informed consent.
Ultrasound
Ultrasound examination of the right
common carotid artery was undertaken at T0, T1.5 and T11. The IMT was
measured in an approximately 10 mm
long part of the far arterial wall, proximal to the carotid bulb. Three measurements were done, and the mean value
was used in further analyses. All ultrasound examinations were performed
by the same experienced investigator.
Details on ultrasound measurement
have been described previously (26).
Flow-cytometry
At T11, T-cell populations were examined by flow-cytometry analysis.
T-cells were identified by CD45 (common leukocyte antigen) and CD3 (Tcell marker). Further subsets were studied by detection of CD4, CD8, CD28,
CD56 and CX3CR1.
For each individual, BD Heparin Vacutainer blood collecting was used. The
blood was stored in room temperature
up to 24h before further processing. To
isolate mononuclear cells from whole
blood, blood was diluted 1:1 in phosphate buffered saline (PBS) without
calcium and magnesium (Life Technologies) and layered on Ficoll-Paque
Plus (Fisher Scientific) and centrifuged
20min at 400g according to manufacturer’s instructions. Mononuclear cells
were resuspended in fluoresence activated cell sorter (FACS) buffer (PBS
supplemented with 2% heat inactivated
sterile filtered foetal calf serum (Fisher Scientific) and sodium azide [0.09
% (w/v)]). Cells were counted using
Trypan Blue and 2x106 mono-nucle580

Table I. Demographic data, cardiovascular risk factors and RA associated variables in 50
patients with RA and 29 controls matched for sex and age.
Demographic

RA (n=50)

Age (years), mean (SD)
Female, n (%)

Cardiovascular risk factors
Diabetes at T0, n (%)
Diabetes at T11, n (%)
Ever smoking, n (%)
Systolic blood pressure at T0, (mm Hg), mean (SD)
Systolic blood pressure at T11, (mm Hg), mean (SD)
Cholesterol at T0 (mmol/L), mean (SD)
Cholesterol at T11 (mmol/L), mean (SD)
Statin treatment at T0, n (%)
Statin treatment at T11, n (%)
BMI at T11 (kg/m2), mean (SD)
IMT at T0 (mm), mean (SD)
IMT at T11 (mm), mean (SD)
RA variables
ESR T0 (mm/h), median (Q1-Q3)
ESR T11 (mm/h), median (Q1-Q3)
CRP T0 (mg/L), median (Q1-Q3)
CRP T11 (mg/L), median (Q1-Q3)
Tender joint count T0 (n), median (Q1-Q3)
Tender joint count T11 (n), median (Q1-Q3)
Swollen joint count T0 (n), median (Q1-Q3)
Swollen joint count T11 (n), median (Q1-Q3)
DAS28 T0, median (Q1-Q3)
DAS28 T11, median (Q1-Q3)
HAQ T0, median (Q1-Q3)
HAQ T11, median (Q1-Q3)
PTPN22 1858 T allele carrier, yes (%)
Shared epitope, (n) (%)
Positive anti-CCP, n (%)

Controls (n=29)

59 (9.7)
43 (86)
0		
2 (4)
40 (80)
122 (14)
130 (14)
5.5 (0.9)
5.5 (1.1)
1 (2)
9/45 (20)
25.6 (4.6)
0.51 (0.012)
0.69 (0.016)
11
12
10
3.4
2
0
3
0
3.5
2.6
0.5
0.13
22/49
28/49
32

60 (10.7)
25 (81)
0
1
14
118
124
5.4
5.5
0
7
26.9
0.55
0.63

(8-26)
(10-22)
(8.5-14)
(0.9-7.5)
(0-6)
(0-2)
(1-6)
(0-2)
(2.6-4.5)
(1.8-3.7)
(0.13-0.88)
(0-0.63)
(45)
(57)
(64)

(3)
(45)
(11)
(11)
(1.1)
(1.2)
(23)
(4.9)
(0.012)
(0.013)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

RA: rheumatoid arthritis; SD: standard deviation; T0: baseline; T11: eleven years from baseline; BMI:
body mass index; IMT: intima-media thickness; ESR: erythrocyte sedimentation rate; Q1: first quartile;
Q3: third quartile; NA: not applicable; CRP: C-reactive protein; DAS28: disease activity score of 28
joints; HAQ: health assessment questionnaire; Anti-CCP: anti-CCP2 antibodies.

Table II. Univariable regression models in 50 patients with RA. CD4+CD28null was analysed in univariable logistic regression models with CD4+CD28null >2% as dependent variable. CD8+CD28null was analysed in univariable linear regression models with the percentage of CD8+CD28null as dependent variable.
VARIABLE
Age, year
Positive CMV IgG at T0, yes
Positive anti-CCP, yes
Shared epitope, yes
PTPN22, 1858 T allele carrier, yes
Ever smoking, yes
DAS28 at T11
Erosive disease at onset, yes
BMI, kg/m2

CD4+ CD28null ≥2%, yes (logistic)
Exp. B (CI 95%)
1.1
3.8
0.25
2.0
1.6
1.5
0.99
0.54
0.97

(1.0;1.2)**
(6.0;189)***
(0.07;0.94)*
(0.63;6.3)
(0.51;5.1)
(0.37;6.0)
(0.62;1.6)
(0.14;2.0)
(0.85;1.1)

CD8+ % (linear)
B (CI 95%)
1.2
25
-9.6
-4.4
2.6
6.2
3.3
-7.7
-0.45

(0,63;1.8)***
(13;36)***
(-23;3.3)
(-17;8.4)
(-10;16)
(-9.5;22
(-2.1;8.9)
(-23;8.2)
(-1.4;2.5)

Values of B for CD4+CD28null and CD8+CD28null T-cells are not comparable, due to logistic regression and linear regression, respectively.
CI: confidence interval; RA: rheumatoid arthritis; T0: baseline; T11: follow-up eleven years from baseline; CMV: cytomegalovirus; DAS28: disease activity score of 28 joints; BMI: body mass index.
*p<0.05. **p<0.01. ***p<0.001.

ar cells per individual were stained
with antibodies against CD45 AF700
(HI30, BioLegend), CD8 BV421

(RPA-T8, BioLegend), CD3 PerCP
(SP34-2, BD), CD4 AF488 (RPA-T4,
BD), CD56 BV506 (NCAM16.2, BD),
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CX3CR1 AF647 (2A9-1, BioLegend),
together with CD28 PE (CD28.2, BD),
or alternatively isotype control PE
(MOPC-21, BD), on ice for 20 minutes, followed by washing with FACSbuffer. Following the staining procedure, samples were transferred to 5ml
polystyrene tubes and analysed on a
LSRII flow cytometer (Becton-Dickinson, San Jose, CA). Obtained data was
analysed using the BDDiva software.
CMV-analysis: enzyme-linked
immunosorbent assay
Analysis of anti-CMV antibodies of IgG
subtypes was done from frozen plasma
samples collected at T0 and T11, stored
at -80°C. An in-house enzyme linked
immune-assay was used as previously
described (29, 30). Optical density values below 0.2 were considered negative, based on extensive analysis of sera
from CMV-positive and CMV-negative
blood donors, where mean optical density plus two standard deviations never
exceeded 0.2 in seronegative reference
sera. Paired samples from patients and
matched controls were assessed on the
same plate. For quality control, a standard curve was run on each plate.
Statistics
Descriptive data is presented as median or mean, depending on distribution. For analysis of the association between CD4+CD28null T-cells and other
variables, the patients were classified
as having normal (<2%) or elevated
(≥2%) percentage of CD28null cells in
the CD3+CD4+ population. The classification was based on previous studies of
CD4+CD28null T-cells, where the median percentage was 1.7–1.9% in healthy
normal population and in healthy elderly individuals (31, 32). Linear and
logistic regression models were used for
analysis of associations between variables. Goodness of fit of multivariable
logistic regression models was tested
with Hosmer-Lemeshow test. In multivariable regression models, traditional
cardiovascular risk factors were included at first, but variables that lowered R2
were excluded from the models. For
comparison of mean or median values
between groups, Mann-Whitney U-test
or students’s t-test was used, dependClinical and Experimental Rheumatology 2021

Fig. 1. Percentage of CD28null cells in CD4+ and CD8+ T-cells. Flow-cytometry analysis was
performed in peripheral blood from 50 patients with RA eleven years after diagnosis.

Table III. Multivariable regression models in 50 patients with RA eleven years after onset.
CD4+CD28null is analysed in a logistic regression model with CD4+CD28null>2% as dependent variable. CD8+CD28null is analysed in a linear regression model with the percentage of CD8+CD28null as dependent variable.
CD4+CD28null >2%, yes (logistic)
Variable
Age, year
Anti-CCP, yes
Positive CMV IgG at T0, yes

Exp. B
1.0
0.41
20.3

(CI 95%)
(0,95; 1.15)
(0.07; 2.3)
(3.2; 130)**

CD8+CD28null, % (linear)
B
0.75
-2.1
16.2

(CI 95%)
(0.1; 1.4)*
(-13.3; 9.2)
(3.1; 29.3)*

Values of B for CD4+CD28null and CD8+CD28null T-cells are not comparable, due to different statistical methods (linear vs. logistic regression).
Exp. B: exponentiation of the B coefficient; CI: confidence interval; Anti-CCP: anti-CCP2 antibodies;
CMV: cytomegalovirus; T0: baseline. *p<0.05. **p<0.01.
Nagelkerke R2=0.55 for logistic regression model with CD4+CD28null as dependent variable.
Hosmer-Lemeshow p-test=0.86 for the model. Adjusted R2=0.32 for linear regression model with
CD8+CD28null as dependent variable.

Table IV. Univariable regression models in 50 patients with RA, with IMT at T11 (1/10 mm)
and change in IMT between T0 and T11 (1/10 mm) as dependent variables.
IMT at T11
Variable
Age, year
Systolic blood pressure T0, mmHg
Systolic blood pressure T11, mmHg
CD4+CD28null T-cells >2%, yes
CD8+CD28null T-cells, %
CX3CR1+ of CD4+, %
CX3CR1+ of CD8+, %
Positive CMV IgG at T0, yes

B
0.1
0.04
0.05
0.9
0.02
0.02
0.02
1.0

(CI 95%)
(0.07; 0.1)***
(0.01; 0.06)**
(0.02; 0.08)**
(0.05; 1.8)*
(0.004; 0.04)*
(-0.03; 0.07)
(-0.001; 0.04)
(0.1; 2.0)*

Change in IMT from T0 to T11
B
0.04
0.01
0.0002
0.2
0.02
0.004
0.02
0.4

(CI 95%)
(0.008; 0.07)*
(-0.009; 0.03)
(-0.02; 0.02)
(-0.4; 0.8)
(0.004; 0.03)*
(-0.03; 0.04)
(0.001; 0.03)*
(-0.3; 1.0)

CI: confidence interval; T0: baseline; T11: follow-up 11 years from baseline; CMV: cytomegalovirus;
IMT: intima-media thickness. *p<0.05. **p<0.01. ***p<0.001.

ing on distribution. Kruskal-Wallis test
was used when more than two groups
were compared, Bonferroni corrected in

pairwise comparisons. SPSS v. 21 and v.
25 (IBM SPSS INC, Chicago, Illinois,
USA) was used for calculations.
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Results
CD28null T-cell frequencies
The median percentage of CD4+-CD
28null T-cells was 3.7% (range 0.2–46)
and 29 patients (58%) had more than
2% CD4+CD28null (Fig. 1). The mean
percentage of CD8+CD28null T-cells
was 43% (range 4.9–87) (Fig. 1). Table
II presents univariable linear regression models exploring factors associated with numbers of CD28null T-cells.
In multivariable regression models,
CMV-IgG positivity was strongly associated with an increased percentage of
CD28null cells in both CD4+ and CD8+
T-cells (Table III).
IMT and CD28null T-cells
in univariable models
IMT at T11 was 0.63 mm in patients
with less than 2% CD28null of the
CD4+ T-cells, versus 0.72 mm in patients with CD4+CD28null T-cells ≥2%
(p<0.05). In univariable linear regression models, IMT at T11 was significantly associated with CMV-positivity
and increased CD28null T-cells, both
CD4+ and CD8+ (Table IV). IMT at
T11 was also significantly associated
with age and systolic blood pressure at
T0 and T11. No other traditional cardiovascular risk factors (Table I) were
significantly associated with IMT (data
not shown).
The mean increase in IMT from baseline to T11 (delta IMT) was 0.15 mm

and 0.18 mm in patients with <2% and
≥2% CD4+CD28null T-cells, respectively (p=0.42). Delta IMT was significantly associated with the percentage
of CD8+CD28null and CD8+CX3CR1+
T-cells in univariable linear regression
models (Table IV). Delta IMT was associated with age, but not with any other traditional cardiovascular risk factor
(data not shown).
IMT and CD28null
in multivariable models
Both CD4+CD28null ≥2% and the percentage of CD8+CD28null were associated with IMT in multivariable linear
regression models that also included
systolic blood pressure at T11 (Table
V, model 1 and 3). When age was included in the models, no other variable
was significantly associated with IMT
at T11 (Table V, models 2, 4, 6 and 8).
Inclusion of other traditional risk factors but age and systolic blood pressure
did not improve the models.
IMT in relation to CD4+CD28null
T-cells and anti-CCP
To study a potential interaction between anti-CCP-positive RA and
CD4+CD28null T-cells, patients were
categorised according to presence of
anti-CCP and CD28null <2% or ≥2%.
There were no significant differences in
median IMT at T11 between the groups
(data not shown).

CMV: associations
with T-cell phenotypes
At T0, 33 patients (66%) and 19 controls (66%) had detectable IgG antibodies against CMV. Antibody levels
did not differ between patients and
controls. CMV-positivity was highly
associated with increased prevalence
of CD28null T-cells in patients with
RA (Table II and III), but also to expression of CX3CR1 in both CD4+ and
CD8+ T-cells (data not shown). When
CX3CR1 was analysed in CD4+ and
CD8+ T-cells categorised by CD28status, only CD8+CD28nullCX3CR1+
T-cells were associated with CMV
(data not shown). CMV-positivity was
in patients significantly associated with
age (52 years vs. 41 for CMV-negative
patients), but otherwise not associated
with any other traditional cardiovascular risk factor or with inflammation in
patients or controls.
CX3CR1 in relation to
CD28null and IMT
The proportion of cells expressing CX3CR1 was 75% in CD4+CD28null Tcells and 2.4% in CD4+CD28+ T-cells
respectively, whereas the numbers were
73% and 8.4% in CD8+CD28null and
CD8+CD28+ T-cells respectively. Expression of CX3CR1 in CD4+ T-cells,
regardless of CD28 status, was not associated with IMT or delta IMT (Table
IV). The percentage of CD8+ T-cells

Table V. Multivariable linear regression models in 50 patients with RA, with IMT at T11 (1/10 mm) as dependent variable.
Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

Model 8

Variable

B (CI 95%)

B (CI 95%)

B (CI 95%)

B (CI 95%)

B (CI 95%)

B (CI 95%)

B (CI 95%)

B (CI 95%)

CD4+CD28null≥2%, yes

0.93
(0.12; 1.7)*

0.1
(-0.7; 0.9)						

CD8+CD28null, %			
			

0.02
(0.006; 0.04)**

0.003
(-0.02; 0.02)				

Positive CMV IgG at T0, yes					
1.2
					(0.4;2.0)***

0.2
(-0.8; 1.1)		

CD8+CX3CR1, %							0.02
							
(3x10-5; 0.04)*
Systolic BP T11, mmHg

0.05
(0.02; 0.07)**

0.02
0.05
(-0.07; 0.05) (0.02; 0.07)**

0.02
0.05
0.02
(-0.007; 0.05) (0.02.; 0.08)*** (-0.01; 0.05)

-0.0007
(-0.02; 0.02)

0.05
0.02
(0.02; 0.07)** (-0.008; 0.05)

Age, year		
0.09		 0.09		 0.09		 0.1
		
(0.05; 0.1)***
(0.04; 0,1)***
(0.04; 0.14)***		
(0.05; 0.14)***
CI: confidence interval; CMV: cytomegalovirus; BP: blood pressure; T0: baseline; T11: follow-up 11 years from baseline.
Adjusted R2 model 1=0.23. Adjusted R2 model 2=0.42. Adjusted R2 model 3=0.25. Adjusted R2 model 4=0.42. Adjusted R2 model 5=0.28. Adjusted R2 model
6=0.42. Adjusted R2 model 7=0.21. Adjusted R2 model 8=0.42. *p<0.05. **p<0.01. ***p<0.001.
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expressing CX3CR1 (CD8+CX3CR1+)
was significantly associated with IMT
in a multivariable linear regression
model (Table V, model 7), but when adjusted for age, neither CD8+CX3CR1+
T-cells nor systolic blood pressure at
T11 were statistically significant (Table V, model 8). CD8+CX3CR1+ Tcells were also significantly associated
with delta IMT (Table IV), but not adjusted for age (data not shown). When
expression of CX3CR1 was analysed
in CD8+CD28null and CD8+CD28+
T-cells separately, it was not associated with IMT or delta IMT (data not
shown). Inflammatory variables (ESR,
CRP, swollen joint count, tender joint
count, DAS28 at T0 and T11) were
not associated with expression of CX3CR1, regardless of CD4+, CD8+ or
CD28-status, (data not shown).
CMV, IMT and increase in IMT
In linear regression models, CMV-IgG
positivity was associated with IMT, although not when adjusted for age (Table V, models 5 and 6). In RA-patients
with CD4+CD28null <2%, IMT was
not associated with CMV-status (data
not shown). When patients and controls were grouped according to CMVIgG status, the median values of IMT
at T0, T1.5 and T11 were as presented
in Figure 2. CMV-IgG positive patients
had a rapid increase in IMT during
the first 1.5 years of RA, statistically
significantly different from controls
(both CMV-IgG negative and CMVIgG positive) and close to statistically
significant different (p=0.075) from
CMV-negative patients. There were no
statistically significant differences between the groups in terms of age, sex,
diabetes, blood pressure, blood lipids
or diabetes.
Discussion
Atherosclerosis is an inflammatory
process, where T-cells are involved
(7). In this study of subclinical atherosclerosis in patients with RA, an
elevated percentage of T-cells lacking the co-stimulatory molecule CD28
(CD28null T-cells) was associated with
increased IMT. CD28null T-cells differ
from normal CD28+ in several aspects;
CD4+CD28null T-cells have cytotoxic
Clinical and Experimental Rheumatology 2021

Fig. 2. Median IMT during 11 years of follow-up. Results from carotid ultrasound in 20 patients

with RA and 17 controls, grouped by CMV-status. Pairwise comparisons of change in IMT from T0
to T1.5 (CMV-positive patients as reference): CMV-positive controls p=0.06; CMV-negative controls
p=0.01; CMV-negative patients p=0.08. CMV-positive patients n=10; CMV-positive controls n=12;
CMV-negative controls n=5; CMV-negative patients n=10.

properties, whereas CD8+CD28null
T-cells can exhibit both increased and
decreased cytotoxicity (33). Previous
studies of atherosclerosis and CD28null
T-cells have focused on CD4+CD28null
T-cells, but we assessed both
CD4+CD28null and CD8+CD28null Tcells, and found increased frequency
of either of them to be associated with
a higher IMT. In previous studies in
patients with RA, atherosclerosis and
CD4+CD28null T-cells were associated (12, 13, 34). CD8+CD28null Tcells were assessed in one of these
studies (13) and found to be associated
with atherosclerosis, although not significantly associated when adjusted for
traditional cardiovascular risk factors.
In a study in the general population,
increased numbers of CD8+CD28null
T-cells were associated with coronary
artery disease (15). The ratio of CD4+/
CD8+ T-cells is 1/1 in advanced atherosclerotic lesions, compared to 2/1
in peripheral blood (14), indicating that
CD8+T-cells are involved in the process
of atherosclerosis.
In line with previous studies, an elevated percentage of CD28null T-cells
was associated with CMV positivity
(17-21). It has been hypothesised that
CMV infection, via T-cell abnormalities, is the cause of increased athero-

sclerosis in patients with RA (18). Our
results to some extent support this hypothesis, as there are significant associations between CD28null T-cells and
IMT, between CMV-IgG positivity and
CD28null T-cells, and between CMVIgG positivity and IMT. Yet we cannot
say whether the proposed mechanism
is correct. Of note, CD28null T-cells
represent a useful ‘proxy’ for a cell
differentiation state, but still selects a
heterogenous T cell population, which
probably should be better defined in the
future.
Our observations imply that the impact
of CMV-infection on atherosclerosis
in patients with RA and in the general
population is different. As shown in
Figure 2, CMV-IgG positive RA-patients had a rapid increase in IMT after
onset of RA, whereas the CMV-positive and CMV-negative controls did not
differ in progress of IMT. In studies of
the general population, CMV-positivity in combination with an inflammatory burden, was associated with an increased risk of coronary artery disease
and death thereof, whereas CMV-IgG
positivity alone, without an increased
inflammation, was not associated with
such events (35, 36).
A possible explanation to the observation of a rapid increase in IMT in
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CMV-IgG positive patients after onset
of RA, is an interaction on endothelial
activation between RA and CMV-infection. Inflammation in RA is known to
cause endothelial activation, that promotes inflammatory cell adhesion and
migration, and thus promote atherosclerosis (6). CMV infects endothelial
cells and causes their rapid activation
and increased expression of adhesion
molecules, although the activation following CMV-infection is not constant,
but later is down-regulated (37). When
a CMV-infected individual develops
RA, the systemic inflammation activates endothelial cells that are already
CMV-infected. The inflammatory load
might cause an up-regulation of the
endothelial activation from CMV, thus
causing a high grade of activation and
a subsequent rapid increase in IMT.
Reactivation of latent CMV due to altered immune system and inflammation, could be another explanation to a
rapid increase in IMT in CMV-positive
patients with new-onset RA. This needs
to be further explored in studies of endothelial cell function and activation in
patients with RA, with known status of
CMV-infection.
The rapid increase in IMT seen after
onset of RA in CMV-IgG positive patients, suggests that interventional studies with antiviral medication should be
considered. One such study has been
initiated in patients with vasculitis (38),
but to the best of our knowledge, no
such study in patients with RA is performed or planned, although it could
provide an opportunity to treat the increased risk of atherosclerosis in patients with RA.
Expression of CX3CR1 was associated with CMV-IgG positivity in our
study as in previous studies of the
general population (39). In both CD4+
and CD8+ T-cells, CX3CR1 was detectable in a majority of CD28null T-cells,
whereas the expression of CX3CR1 in
CD28+ T-cells was low. However, CX3CR1 was not significantly associated
with IMT in groups of T-cells stratified
by CD28-status, at variance with a previous study in patients with RA (23).
This is a bit surprising, since the fractalkine-CX3CR1 interaction promotes
T-cell-adhesion to activated endothe584

lium, thus facilitating inflammation in
the arterial wall (25). Our results do not
confirm that expression of CX3CR1 is
more than a marker of CD28null T-cells
in terms of IMT. Neither do our results
support the association between disease
activity and CX3CR1 status that was
found in the previous study in patients
with RA (23). Of note, different expression levels of CX3CR1 have recently
been suggested to distinguish unique
memory subsets in the CD8+ T cell
population in mice (40) and humans
(41) and this could tentatively explain
the different results.
Presence of anti-CCP was not associated with an elevated percentage of
CD28null T-cells in our study, nor in
previous studies (42, 43). Neither did
patients carrying the shared epitope
HLA or the PTPN22 1858 T-allele have
increased levels of CD28null T-cells in
our study. The relation between shared
epitope and CD4+CD28null T-cells
has been investigated previously, with
conflicting results (10, 44). Since both
shared epitope and the PTPN22 1858T
allele are risk factors for anti-CCP-positive RA, it is reasonable to think of antiCCP-positivity and CD28null T-cells as
independent immunological alterations,
although a recent study showed that the
PTPN22 1858T allele was associated
with cytotoxic features in both CD4+
and CD8+ T-cells (45). In our cohort, no
interaction on IMT between anti-CCP
antibodies and CD4+CD28null T-cells
was seen, although this has been proposed by others (43).
In the present study, traditional risk
factors but age had little impact on
IMT. However, this could in part be
explained by the fact that primary preventive measures are undertaken, making the levels of blood lipids and blood
pressure lower. The number of patients
treated with statins increased remarkably from T0 to T11, but the average
levels of blood lipids was equal. Since
treatment with statins probably has
been initiated in individuals with a high
cardiovascular risk, and are efficient in
lowering the levels of blood cholesterol,
low levels of blood cholesterol in statin
treated patients are a marker of a high
risk, thus confounding the analysis.
In our study, presence of plaques was

not assessed. This is a limitation, since
this measure predicts atherosclerotic
cardiovascular events in patients with
RA (46) and also identifies patients
with a higher estimated cardiovascular
risk (47). The latter association has also
been shown in patients with ankylosing
spondylitis (48, 49). Another limitation
is the relatively small number of participants. In particular, the number of
controls is small, but the focus of the
ongoing longitudinal study is to analyse
factors associated with atherosclerosis
in patients with RA, not in the general population. This also explains why
analysis of T-cell populations was done
in patients, but not in controls. One
strength of the study is the prospective
design. Most studies of atherosclerosis
in RA have cross-sectional design, but
our prospective study gives a unique
possibility to analyse change over time.
Furthermore, this cohort of patients
with RA is unselected and populationbased: all patients with new-onset RA,
aged 60 years old or less, in the northernmost region of Sweden were invited
to participate in the study when it was
initiated. Another strength is that every
ultrasound examination has been performed by the same experienced examinator.
In conclusion, CMV-IgG positivity in
patients with RA is associated with an
increased frequency of CD4+ and CD8+
CD28null T-cells and with an increased
atherosclerosis measured by IMT. Our
study suggests that CMV-positive patients with RA comprise a high-risk
population in terms of cardiovascular
disease. CMV serological status and
frequency of CD28null T-cells should
be considered in future studies of atherosclerosis and cardiovascular disease
in patients with RA, and the possibility
of a protective effect of antiviral treatment should be considered.
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