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A b s t r a c t

IInnttrroodduuccttiioonn::  The renin-angiotensin system plays an important role in immune
mechanisms. It is still insufficiently known whether angiotensin converting
enzyme inhibitors and selective angiotensin type 1-receptor antagonists interfere
with immune cells. That led us to investigate whether angiotensin converting
enzyme inhibitor – captopril and selective angiotensin type 1-receptor antagonist
– losartan modify some functions of immune cells in chronic uraemic patients
and healthy subjects.
MMaatteerriiaall  aanndd  mmeetthhooddss:: In 15 chronic uraemic patients on regular hemodialysis
treatment and 15 control subjects we investigated in vitro mitogen induced
proliferative response of peripheral blood mononuclear cells and expression
of some lymphocyte differentiation antigens in the presence of captopril and
losartan, equal to their therapeutic concentrations. As mitogen was used
phytohemagglutinin P and phorbol myristate acetate. 
RReessuullttss:: In our in vitro experiment captopril and losartan, in investigated
concentrations, depressed mitogen induced proliferative response of peripheral
blood mononuclear cells and lowered expression and numbers of some
lymphocyte differentiation antigens in chronic uraemic patients and control
subjects.
CCoonncclluussiioonnss:: Our in vitro results seem to indicate that captopril and losartan
interfere with immune cells and depress some functions of immune cells in
chronic uremic patients and healthy subjects. It is very difficult at present to
establish significance of these in vitro immunosuppresive effects of captopril
and losartan reflects their in vivo action. Its significance for clinical implications
necessitates further extensive studies. 

KKeeyy  wwoorrddss::  captopril, losaratan, chronic uraemia, blood mononuclear cells,
proliferative response, differentiation antigens.

Introduction

The renin-angiotensin system plays an important role in immune
mechanisms [1]. Immune cells were shown to synthesise angiotensinogen
[2], angiotensin I (AT I) [3], angiotensin II (AT II) [3, 4] and to express
angiotensin type 1 receptors (AT1-R) [5, 6]. The most biologically active AT II is
well known as a growth factor [7, 8], it induces production of different
cytokines [9, 10] and exerts immunomodulatory effects [11, 12]. Therefore,
pharmacological intervention in rennin – angiotensin system should be
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expected to affect immune functions. Indeed,
mitogen-induced T cell proliferation and the primary
antibody response of B cells was suppressed by
angiotensin converting enzyme inhibitor (ACEI)
– captopril (CAP) in vitro in healthy subjects [13, 14].
CAP prevented activation – induced apoptosis in 
T cell hybridomas by interfering with cell activation
signals [15]. Moreover, ACEIs including CAP were
found to exert beneficial effects in patients with
rheumatoid arthritis [16] and lupus nephritis [17].

It is still insufficiently known whether losartan
(LOS) – a selective AT-1 receptor antagonist (AT1-RA)
– interferes with immune cells. It was shown only
that LOS inhibits formyl-met-leu-phe (fMLP)
– stimulated neutrophil shape change, adherence
and chemiluminescence response in vitro [18, 19]
and decreases T cell activities hos patients with
primary hypertension [20]. We have found no
investigations concerning the influence of ACEI and
AT1-RA on the expression of lymphocyte diffe-
rentiation antigens in chronic uraemia and in
healthy subjects. At present it is difficult to establish
to what extent chronic uraemia affects renin-
angiotensin system. Patients with chronic renal
failure have plasma AT II levels similar to those
found in control subjects [21]. 

In this study we investigated whether CAP and
LOS, equal to their therapeutic concentrations,
modify mitogen-induced proliferative response
of peripheral blood mononuclear cells (PBMNC) and
expression of some lymphocyte differentiation
antigens in chronic uraemic patients and healthy
subjects. Our investigated model (uraemic and
healthy subjects) could show differences in
investigated groups, what could have different
clinical implications.

Material and methods

The studies were performed on 15 chronic
uraemic patients (7 women, 8 men), aged 37.2 ±2.9
years, on regular hemodialysis treatment for 5.5 ±1.1
years. Four-h hemodialysis sessions were performed
three times a week by means of AK-200 machines
(Gambro; Lund, Sweden) and polysulfone dialyzers
(Diacap LO PS 15; B. Braun Melsungen AG,
Germany). Mean predialysis blood serum creatinine
concentration was 754.2 ±61.1 μmol/l, urea 24.4 ±2.3
mmol/l and hydrocarbonate 17.1 ±0.8 mmol/l. None
of the patients had clinical symptoms of infection,
they were HBs-, HCV- and HIV- negative and were
not receiving any drugs affecting the immune
system and blood transfusion in the last 3 months.
In particular, they were not receiving any drugs
known to affect renin-angiotensin system. The
causes of end-stage renal failure in the uraemic
patients were glomerulonephritis (7 patients),
interstitial nephritis (6 patients), and polycystic
kidney disease (2 patients). 

The control group consisted of 15 healthy
persons (7 women, 8 men), aged 36.2 ±3.2 years.
The study was approved by the Internal Ethics
Committee of the Medical University of Łódź and
each subject (uraemic patients and healthy) gave
informed consent. 

Venous blood samples were drawn on a fasting
basis at 8.00 a.m., in chronic uraemic patients
immediately before hemodialysis. PBMNC were
obtained under sterile conditions by centrifugation
of blood on a density gradient using Gradisol G
(Polfa; Kutno, Poland) [22, 23].

The cells were suspended in RPMI 1640 sup-
plemented with 10% heat inactivated foetal calf
serum, penicillin 100 lU/ml and streptomycin
50 μg/ml as a culture medium. The final PBMNC
suspension used for further experiments consisted
of lymphocytes 88.1 ±2.0%, monocytes 11.0 ±0.9%
and neutrophils 0.9 ±0.1%. In all experiments
PBMNC were at least 98 ±1% viable as checked by
trypan blue exclusion.

Triplicate sterile cultures contained 2 × 105 PBMNC
in culture medium with respective mitogen and
respective ACEI or AT1-RA. Phytohemagglutinin P
(PHA) (Difco; Detroit, USA) 5 μg/ml and phorbol
myristate acetate (PMA) (Sigma Chemical Co., St.
Louis, USA) 10 μg/ml were used as mitogens. CAP
was used as ACEI (Sigma Chemical Co.; St. Louis,
USA) in three concentrations: 1 μg/ml (CAP-1),
2.5 μg/ml (CAP-2), 5 μg/ml (CAP-3), i.e. those within
blood serum therapeutic ranges [14]. LOS was used
as AT1-RA in three concentrations: 0.25 μg/ml
(LOS-1), 0.5 μg/ml (LOS-2), 1 μg/ml (LOS-3). These
concentrations of LOS are within their blood serum
therapeutic ranges in normal and chronic uremic
patients [24]. Chiu et al. has showed that LOS
(DuP 753) is AT1-RA as well in vivo as in vitro
experiments [25].

The triplicate cultures were incubated for 72 h
at 37°C in 5% CO2 and air in a humidified incu-
bator. Eighteen hours before the termination
of the cultures 1 μCi of 3H-thymidine ([methyl-3H]-
thymidine; UVWR; Prague, Czech Republic, spec.
act. 10.2 Ci/mmol) was added. Incorporation
of 3H-thymidine into the cells was determined in
counts per minute (c.p.m.) using LKB Wallac
1219 scintillation counter (Rack Beta; Turku, Finland).
The proliferative responses of the cells were
expressed as proliferative indices reflecting ratios
of c.p.m. from the cultures containing the cells and
mitogen with or without ACEI or AT1-RA to c.p.m.
from the respective cultures containing the cells
alone.

Sterile PBMNC suspensions (106 cells/ml)
containing PHA (5 μg/ml) or PMA (10 μg/ml) were
incubated with or without CAP in the concentration
of 5 μg/ml or LOS in the concentration of 1 μg/ml
for 72 h at 37°C in 5% CO2 and air in a humidified
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incubator. After threefold washing with
phosphate-buffered saline (PBS) (pH = 7.4), cell
pellets were incubated with 10 μl monoclonal
antibodies: CD3/RPE + HLA – DR/FITC or CD4/FITC
+ CD8/RPE DAKO; Glostrup, Denmark) for 25 min
at 4°C. After washing with PBS, 400 μl of 1%
paraformaldehyde was added to the cell pellets as
recommended by Lal et al. [26]. Numbers of CD3+,
CD4+, CD8+ and HLA-DR+ cells as well as
expression of CD3, CD4, CD8 and HLA-DR antigens
were determined from the analysis of 5000 cells
using FACScan flow cytometer (Becton-Dickinson;
Heidelberg, Germany).

Following calculations of arithmetic means (X)
and standard errors of the means (SEM), pared and
unpaired Student’s t-tests were used to evaluate
the significance of differences. The differences were
recognised as significant when p < 0.05.

Results

In chronic uraemic patients the low CAP
concentration (CAP-1) significantly depressed, while
the high LOS concentration (LOS-3) significantly
increased proliferative responses of unstimulated
PBMNC. In healthy subjects only the high CAP
concentration (CAP-3) significantly affected
proliferative responses of unstimulated PBMNC
(Table I). In both investigated groups CAP and LOS
significantly depressed PHA- and PMA-induced
proliferative responses of PBMNC (Table I). In
chronic uraemic patients expressions of CD3, CD4,
CD8 and HLA-DR antigens on PHA- or PMA-
stimulated PBMNC were significantly lower as
compared with those observed in healthy subjects
(Table II). In both observed groups CAP and LOS
significantly increased expressions of CD3 antigen
on unstimulated PBMNC, but they did not change
CD4, CD8 and HLA-DR antigen expression on these
cells (Table II). In chronic uraemic patients and in
healthy subjects LOS and CAP significantly lowered
expressions of CD4 and HLA-DR antigen on
the PHA-stimulated PBMNCs, while CD8 antigen
expressions remained unaffected (Table II). LOS
significantly depressed expression of CD3 and CD4
antigen only on PMA-stimulated PBMNCs in chronic
uraemic patients, while in healthy subjects CAP and
LOS significantly lowered expression of CD8 antigen
on the PMA-stimulated PBMNCs only (Table II).

In chronic uraemic patients numbers of CD3+,
CD4+, CD8+ and HLA-DR+ cells following PHA- or
PMA- stimulation were lowered as compared with
those observed in healthy subjects (Table III). CAP
and LOS significantly increased numbers of CD3+
cells of unstimulated PBMNC in both observed
groups (Table III). In both investigated groups CAP
and LOS significantly lowered numbers of CD3+ and
CD4+ cells after PHA stimulation, but they did not
significantly change numbers of CD8+ and HLA-DR+

cells. CAP and LOS did not significantly affect
numbers of CD3+, CD4+, CD8+ and HLA-DR+ cells
after PMA-stimulation in both investigated groups
(Table III).

In chronic uraemic patients CD4+/CD8+ ratio for
unstimulated and PHA-stimulated PBMNC was
significantly lower than those found in healthy
subjects, while after PMA-stimulation was similar
to those found in healthy subjects (Table IV). LOS
significantly lowered CD4+/CD8+ ratio for PBMNC
following PHA-stimulation in chronic uraemic
patients only (Table IV).

Discussion

Our in vitro investigations revealed that captopril
and losartan in examined concentrations signif-
icantly depressed PHA-induced proliferative
responses of PBMNC from chronic uraemic patients
and control subjects. Inhibitory actions of CAP and
LOS seemed to be inversely proportional to their

CChhrroonniicc  HHeeaalltthhyy
uurraaeemmiiccss ssuubbjjeeccttss
((nn ==  1155)) ((nn ==  1155))

PPBBMMNNCC  ++  CCAAPP--11 0.6 ±0.1* 1.9 ±0.2

PPBBMMNNCC  ++  CCAAPP--22 0.8 ±0.1 1.8 ±0.1

PPBBMMNNCC  ++  CCAAPP--33 1.0 ±0.1 1.7 ±0.1a

PPBBMMNNCC  ++  LLOOSS--11 1.1 ±0.2 1.8 ±0.1

PPBBMMNNCC  ++  LLOOSS--22 1.2 ±0.3* 1.8 ±0.1

PPBBMMNNCC  ++  LLOOSS--33 1.8 ±0.5*a 1.9 ±0.1

PPBBMMNNCC  ++  PPHHAA 28.0 ±1.9a 81.0 ±4.7a

PPBBMMNNCC  ++  PPHHAA  ++  CCAAPP--11 8.1 ±0.8b 30.1 ±2.2b

PPBBMMNNCC  ++  PPHHAA  ++  CCAAPP--22 11.0 ±1.2b 41.2 ±31b

PPBBMMNNCC  ++  PPHHAA  ++  CCAAPP--33 29.1 ±2.9* 54.0 ±5.3

PPBBMMNNCC  ++  PPHHAA  ++  LLOOSS--11 19.1 ±1.6b 51.1 ±4.5b

PPBBMMNNCC  ++  PPHHAA  ++  LLOOSS--22 23.5 ±2.1* 72.4 ±6.7

PPBBMMNNCC  ++  PPHHAA  ++  LLOOSS--33 26.2 ±2.8 87.0 ±7.0

PPBBMMNNCC  ++  PPMMAA 29.2 ±1.9*a 42.1 ±3.1a

PPBBMMNNCC  ++  PPMMAA  ++  CCAAPP--11 12.3 ±1.7*b 24.6 ±2.1b

PPBBMMNNCC  ++  PPMMAA  ++  CCAAPP--22 8.1 ±0.8b 21.2 ±2.1b

PPBBMMNNCC  ++  PPMMAA  ++  CCAAPP--33 6.3 ±0.7b 17.4 ±2.3b

PPBBMMNNCC  ++  PPMMAA  ++  LLOOSS--11 12.4 ±1.4*b 17.9 ±1.2b

PPBBMMNNCC  ++  PPMMAA  ++  LLOOSS--22 4.1 ±0.5b 18.2 ±1.1b

PPBBMMNNCC  ++  PPMMAA  ++  LLOOSS--33 4.0 ±0.4b 14.8 ±0.9b

TTaabbllee  II.. In vitro PHA- and PMA-induced proliferate
responses of PBMNC in the presence of various
concentrations of CAP or LOS in chronic uraemic
patients and healthy subjects. Results are expressed
as proliferative indices (X ± SEM) in relation to
PBMNC alone

*p < 0.05 in relation to healthy subjects, ap < 0.05 in relation to PBMNC,
bp < 0.05 in relation to PBMNC + PHA/PMA
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concentrations. When uraemic and normal PBMNC
were stimulated with PMA, a protein kinase C
activator [27], their proliferative responses were also
significantly depressed in the presence of CAP and
LOS, but this inhibitory action proved to be directly
proportional to their concentrations. This finding
seems to indicate that inhibitory effects of CAP and
LOS on PBMNC proliferative responses are probably
cell membrane-unrelated. The mechanism of CAP
and LOS inhibitory actions on PHA- and
PMA-induced proliferative responses of uraemic
and normal PBMNC remains unclear. A possible
mechanism of CAP inhibitory actions is
the elevation of prostaglandin E2 in supernatants
in stimulated PBMNC cultures [28] and increase
of intracellular cyclic adenosine monophophate
(cAMP) content, which inhibits cell proliferation [29].
This prostaglandin mechanism seems to be
important, because indomethacin can reverse
inhibitory action of CAP on lymphocyte proliferation
[28]. The other inhibitory mechanism of CAP is its
direct influence on monocytes and macrophages,
which play an important role in proliferative
responses of lymphocytes [14]. CAP can suppress
production of interleukin-1 (IL-1) and tumor necrosis
factor α (TNF-α) by human PBMNC [9, 10]. As

immune cells, especially mononuclear leukocytes,
can synthesis angiotensinogen, AT I, AT II and can
express AT1-R, one cannot exclude that inhibitory
actions of CAP on proliferative response of PBMNC
is related to effects of local renin-angiotensin
system on monocytes and lymphocytes [30].

At present it is very few investigations about
LOS influence on immune cells. Raiden et al.
observed that LOS significantly inhibited chemi-
luminescence emission by fMLP-stimulated
monocytes [18]. Therefore, it is possible that
inhibitory action of LOS on PBMNC proliferate
response is due to its influence on monocytes. One
cannot exclude that direct binding of LOS to ATl-R
on mononuclear leukocytes could affect their
immune functions. It was reported that ATl-R are
involved in transmembrane signal transduction [31]
and that stimulating action of AT II on anti-
CD8-antibody induced proliferate response
of murine T cells was transduced through ATl-R [32].

In our in vitro investigations we have found that
CAP and LOS significantly lowered some lympho-
cyte antigen expressions, especially CD3, CD4 and
HLA-DR antigens on PHA-stimulated PBMNCs, and
they significantly reduced percentages of CD3+ and
CD4+ cells. After PBMNC stimulation with PMA CAP

CCDD33 CCDD44 CCDD88 HHLLAA--DDRR

CChhrroonniicc  uurraaeemmiiccss

PBMNC 127.1 ±27.9* 48.1 ±7.3* 74.7 ±13.5* 50.4 ±6.9*

PBMNC + CAP 183.9 ±54.4* 59.1 ±10.4*a 73.1 ±8.6* 55.3 ±6.1

PBMNC + LOS 157.5 ±40.9*a 51.1 ±7.6* 80.8 ±18.6* 51.5 ±4.9*

PBMNC + PHA 157.6 ±39.5* 94.1 ±29.8* 77.6 ±11.7* 61.0 ±10.9*

PBMNC + PHA + CAP 148.6 ±34.5* 51.6 ±8.1*b 69.4 ±9.6* 46.5 ±6.3*b

PBMNC + PHA + LOS 131.6 ±29.6*b 52.1 ±6.9*b 64.1 ±8.4* 40.3 ±2.6*b

PBMNC + PMA 165.1 ±40.1 50.8 ±8.1* 56.5 ±8.1* 43.2 ±4.1*

PBMNC + PMA + CAP 167.8 ±44.0 60.7 ±12.9* 55.6 ±9.9 41.4 ±4.9*

PBMNC + PMA + LOS 123.0 ±33.4*b 36.5 ±6.9*b 52.1 ±9.5 63.8 ±2.4

HHeeaalltthhyy  ssuubbjjeeccttss

PBMNC 181.0 ±27.7 75.4 ±14.8 138.4 ±49.6 83.7 ±22.1

PBMNC + CAP 263.0 ±63.3a 88.1 ±17.4 110.8 ±35.1 69.6 ±16.3

PBMNC + LOS 282.2 ±80.1a 99.3 ±17.7 124.0 ±38.4 76.1 ±17.1

PBMNC + PHA 220.6 ±40.1 270.8 ±27.6 111.3 ±25.1 104.6 ±42.4

PBMNC + PHA + CAP 192.9 ±31.8 86.9 ±16.6b 116.3 ±27.2 82.7 ±27.3b

PBMNC + PHA + LOS 177.3 ±37.7b 91.6 ±18.9b 115.4 ±25.1 77.4 ±20.1b

PBMNC + PMA 219.8 ±41.6 89.5 ±21.8 92.4 ±19.6 72.9 ±19.9

PBMNC + PMA + CAP 211.8 ±43.9 85.4 ±13.2 77.3 ±17.9b 70.4 ±18.8

PBMNC + PMA + LOS 222.7 ±41.3 98.9 ±18.6 78.1 ±19.3b 69.4 ±18.1

*p < 0.05 in relation to healthy subjects, ap < 0.05 in relation to PBMNC, bp < 0.05 in relation to PBMNC + PHA/PMA

TTaabbllee  IIII..  Effects of CAP (5 μg/ml) and LOS (1 μg/ml) on in vitro PBMNC differentiation antigen expression measured
as fluorescence intensity (X ± SEM) in chronic uraemic patients (n = 15) and healthy subjects (n = 15)
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and LOS significantly lowered expression of CD8
antigen in healthy subjects and LOS significantly
depressed expression of CD3 and CD4 antigen in
chronic uraemic patients. We have, as yet, 
found no literature data concerning CAP and LOS
effects on the PBMNC differentiation antigen
expression.

The mechanism of influence of ACEI and
selective AT1-RA on transmembrane signal trans-
duction and surface antigen expression during cell
activation remains unclear, because molecular
events leading to lymphocyte differentiation antigen
expression after mitogen-induction have not been
elucidated. Edwards et al. have reported that ATl-R
is involved in transmembrane signal transduction
through G-protein, which causes phospholipase C
activation, rise of intracellular Ca+2 concentration
and decrease in intracellular cAMP levels [31].
Among speculative explanations one can take into
consideration that direct blockade of ATl-R on
immune cells could induce of conformational
alterations of membrane receptors on these cells,
analogous to those observed by Janeway et al. with
altered peptide ligands [33], which can modify
the cell responses. However, it necessitates further
extensive studies.

We have found that chronic uraemic patients’
expressions of CD3, CD4, CD8 and HLA-DR antigens
on the PHA- and PMA-stimulated PBMNC were
significantly lowered in comparison with healthy

CChhrroonniicc  HHeeaalltthhyy
uurraaeemmiiccss ssuubbjjeeccttss
((nn ==  1155)) ((nn ==  1155))  

PPBBMMNNCC 0.3 ±0.1* 2.6 ±1.4

PPBBMMNNCC  ++  CCAAPP 0.3 ±0.1* 1.0 ±0.5

PPBBMMNNCC  ++  LLOOSS 0.4 ±0.1* 0.8 ±0.4

PPBBMMNNCC  ++  PPHHAA 2.0 ±0.4 2.0 ±0.4

PPBBMMNNCC  ++  PPHHAA  ++  CCAAPP 1.5 ±0.6* 2.0 ±0.3

PPBBMMNNCC  ++  PPHHAA  ++  LLOOSS 1.2 ±0.4*b 1.9 ±0.3

PPBBMMNNCC  ++  PPMMAA 0.7 ±0.3 0.7 ±0.2

PPBBMMNNCC  ++  PPMMAA  ++  CCAAPP 0.8 ±0.3 0.7 ±0.2

PPBBMMNNCC  ++  PPMMAA  ++  LLOOSS  0.9 ±0.5 1.0 ±0.4 

TTaabbllee  IIVV..  CD4+/CD8+ cell ratios (X ± SEM) following
in vitro PHA- or PMA-stimulation of PBMNC with or
without CAP (5 μg/ml) or LOS (1 μg/ml) in chronic
uraemic patients and healthy subjects

*p < 0.05 in relation to healthy subjects, bp < 0.05 in relation to PBMNC
+ PHA/PMA

CCDD33++ CCDD44++ CCDD88++ HHLLAA--DDRR++

CChhrroonniicc  uurraaeemmiiccss

PBMNC 23.9 ±2.6* 2.9 ±0.9 10.8 ±1.3* 8.2 ±0.8

PBMNC + CAP 39.8 ±4.9*a 2.6 ±0.8* 10.2 ±1.3* 8.6 ±0.9*

PBMNC + LOS 39.7 ±3.5*a 3.3 ±1.2 10.5 ±1.5 7.7 ±0.8

PBMNC + PHA 47.0 ±1.8* 15.4 ±3.1*a 13.7 ±2.5* 18.8 ±1.7

PBMNC + PHA + CAP 24.6 ±2.6*b 12.3 ±3.6 12.9 ±2.0 18.4 ±2.5

PBMNC + PHA + LOS 25.4 ±3.2*b 10.6 ±2.3b 14.2 ±2.4* 19.0 ±3.0

PBMNC + PMA 34.8 ±4.3* 2.9 ±0.7 7.9 ±1.5 7.1 ±1.5*

PBMNC + PMA + CAP 26.2 ±3.9 4.0 ±0.1 7.8 ±1.5 7.9 ±1.4*

PBMNC + PMA + LOS 24.7 ±3.8 3.1 ±0.8 7.2 ±1.6 7.6 ±1.5*

HHeeaalltthhyy  ssuubbjjeeccttss

PBMNC 32.1 ±2.0 6.6 ±2.5 5.9 ±1.4 10.7 ±1.6

PBMNC + CAP 41.5 ±3.3a 5.2 ±2.1 7.1 ±1.4 10.8 ±1.7

PBMNC + LOS 46.8 ±2.2a 5.4 ±2.3 9.6 ±1.6a 9.5 ±2.0

PBMNC + PHA 89.9 ±5.9 29.5 ±2.2 19.8 ±1.4 29.7 ±1.7

PBMNC + PHA + CAP 62.7 ±4.5b 17.8 ±2.5 17.9 ±1.6 18.4 ±1.0

PBMNC + PHA + LOS 63.5 ±5.4b 15.7 ±2.2b 16.5 ±1.8 21.5 ±2.7

PBMNC + PMA 53.2 ±3.1 6.8 ±1.3 18.2 ±1.8b 23.1 ±2.5

PBMNC + PMA + CAP 42.2 ±3.7 5.3 ±1.0 17.8 ±1.7 21.6 ±2.0

PBMNC + PMA + LOS 41.8 ±4.3 5.8 ±2.8 18.4 ±2.1 20.2 ±2.1

*p < 0.05 in relation to healthy subjects, ap < 0.05 in relation to PBMNC, bp < 0.05 in relation to PBMNC + PHA/PMA

TTaabbllee  IIIIII..  Percentages (X ± SEM) of PBMNC expressing differentiation antigens following in vitro PHA or PMA
stimulation with or without CAP (5 μg/ml) or LOS (1 μg/ml) in chronic uraemic patients (n = 15) and healthy subjects
(n = 15)
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subjects. We are not able to exclude that it is due
to the existence of some persisting intracellular
derangements of the uraemic cells previously
exposed to uraemic toxins and metabolic acidosis
in vivo. Delfraissy et al. has reported that CAP
induces lymphocyte T suppressor activity [14]. We
have found that CAP did not affect CD4+/CD8+
ratios in both groups, but LOS significantly lowered
this ratio in PHA-stimulated PBMNC in uraemic
patients only.

In conclusion, our in vitro investigations, even so
the number of examined cases was limited, indicate
that ACEI – CAP and selective AT1-RA – LOS could
depress mitogen-induced proliferative responses
of PBMNC and could lower expression of some
lymphocyte differentiation antigens in chronic
uraemic patients and healthy subjects.

At present it is very difficult to establish
significance of these in vitro immunosuppresive
effects of CAP and LOS reflects their in vivo actions
in chronic uremic patients and healthy subjects.
However, complete elucidation of mechanisms
of these possible immunosuppresive actions of CAP
and LOS and its significance for chronic uremic
patients necessitates further extensive studies.

Re f e r e n c e s
1. Ehlers M, Riordan J. Angiotensin-converting enzyme: new

concepts concerning its biological role. Biochemistry
1989; 28: 5311-8. 

2. Gomez RA, Norling LL, Wilfong N, Isakson P, Lynch KR,
Hock R, Quesenberry P. Leukocytes synthesise
angiotensinogen. Hypertension 1993; 21: 470-5. 

3. Kitazono T, Padgett RC, Armstrong ML, Tompkins PK,
Heistad DD. Evidence that angiotensin II is present in
human monocytes. Circulation 1995; 91: 1129-34. 

4. Owen CA, Campbell EJ. Angiotensin II generation at
the cell surface of activated neutrophils: novel cathepsin
G-mediated catalytic activity that is resistant to inhibition.
J Immunol 1998; 160: 1436-43. 

5. Thomas DW, Hoffman MD. Identification of macrophage
receptor for angiotensin: a potential role in antigen uptake
for T lymphocyte responses? J Immunol 1984; 132: 2807-12.

6. Suzuki H, Shibata H, Murakami M, et al. Modulation
of angiotensin II type 1 receptor mRNA expression in
human blood cells: comparison of platelets and
mononuclear leukocytes. J Endocr 1995; 42: 15-22. 

7. Ichikawa I, Harris RC. Angiotensin actions in the kidney:
renewed insight into the old hormone. Kidney Int 1991;
40: 583-96. 

8. Katz AM. Angiotensin II: hemodynamic regulator or
growth factor? J Mol Cell Cardiol 1990; 22: 739-47. 

9. Fukuzawa M, Satoh J, Sagara M, et al. Angiotensin
converting enzyme inhibitors suppress production
of tumor necrosis factor-alpha in vitro and in vivo.
Immunopharmacol 1997; 36: 49-55. 

10. Schihdler R, Dinarello CA, Koch KM. Angiotensin-
converting enzyme inhibitors suppress synthesis of tumor
necrosis factor and interleukin 1 by human peripheral
blood mononuclear cells. Cytokine 1995; 7: 526-33. 

11. Geiger H, Fierlbeck W, Mai M, et al. Effects of early and
late antihypertensive treatment on extracellular matrix

proteins and mononuclear cells in uninephrectomized SHR.
Kidney Int 1997; 51: 750-61.

12. Hahn AW, Jonas U, Buhler FR, Resink TJ. Activation
of human peripheral monocytes by angiotensin II. FEBS
Lett 1994; 347: 178-80.

13. Shasha SM, Nusam D, Labin L, et al. Effect of converting
enzyme inhibitor captopril on T cell functions in essential
hypertension. Nephron 1991; 59: 586-90. 

14. Delfraissy JF, Galanaud P, Balavoine JF, Wallon C, 
Dormont J. Captopril and immune regulation. Kidney
Int 1984; 25: 925-9. 

15. Odaka C, Mizuochi T. Angiotensin-converting enzyme
inhibitor captopril prevents activation – induced apoptosis
by interfering with T cell activation signals. Clin Exp
Immunol 2000; 121: 515-22.

16. Martin MF, McKenna F, Bird HA, Surrall KE, Dixon JS,
Wright V. Captopril: a new treatment for rheumatoid
arthritis? Lancet 1984; 1: 1325-7. 

17. Herlitz H, Edeno C, Mulec H, Westberg G, Aurell M.
Captopril treatment of hypertension and renal failure in
systemic lupus erythematosus. Nephron 1984; 38: 253-6.

18. Raiden S, Giordano M, Andonegui G, et al. Losartan,
a selective inhibitor of subtype ATI receptors for
angiotensin II, inhibits the binding of N-formylmethionyl-
leucyl-phenylalanine to neutrophil receptors. J Pharmacol
Exp Therap 1997; 281: 624-8. 

19. Raiden S, Pereyra Y, Nahmod V, et al. Losartan, a selective
inhibitor of subtype AT1 receptors for angiotensin II,
inhibits neutrophil recruitment in the lung triggered by
fMLP. J Leukoc Biol 2000; 65: 700-6.

20. Sonmez A, Kisa U, Uckaya G, et al. Effects of losartan
treatment on T-cell activities and plasma leptin
concentrations in primary hypertension. J Renin
Angiotensin Aldosteron Syst 2001; 2: 112-6. 

21. Shibasaki Y, Mod Y, Tsutumi Y, et al. Differential kinetics
of circulating angiotensin IV and II after treatment with
angiotensin II type 1 receptor antagonist and their plasma
levels in patients with chronic renal failure. Clin
Nephrol 1999; 51: 83-91.

22. Ferrante H, Thong YH. A rapid one-step procedure for
purification of mononuclear and polymorphonuclear
leukocytes from human blood using a modification
of the hypaque-ficoll technique. J Immunol Methods
1978; 24: 389-93.

23. Zeman K, Tchórzewski H, Majewska E, Pokoca L, Pinkow-
ski R. A simple and rapid method of simultaneous isolation
of highly purified lymphocytes and neutrophilic granulocytes
from blood [Polish]. Immunol Pol 1988; 13: 217-24. 

24. Sica DA, Lo MW, Shaw WC, et al. The pharmacokinetics
of losartan in renal insufficiency J Hypertens 1995; 13:
S49-52. 

25. Chiu AT, McCall DE, Price WA, et al. Nonpeptide
angiotensin II receptor antagonists. Cellular and
biochemical pharmacology of DuP 753, an orally active
antihypertensive agent. J Pharmacol Exp Ther 1990;
252: 711-8. 

26. Lal RB, Edison LI, Chused TM. Fixation and long-term
storage of human lymphocytes for surface marker
analysis for flow cytometry. Cytometry 1988; 9: 213-9. 

27. Minakuchi R, Wacholtz MC, Davis LS, Lipsky PE.
Delineation of the mechanism of inhibition of human T
cell activation by PGE2. J Immunol 1990; 145: 2616-25. 

28. Johnsen SA, Persson IB, Aurell M. PGE2 production after
angiotensin-converting enzyme inhibition. Scand J Urol
Nephrol 1997; 31: 81-8. 

29. Rott O, Cash E, Fleischer B. Phosphodiesterase inhibitor
pentoxifylline, a selective suppressor of T helper type



Arch Med Sci 3, September / 2009 407

Captopril and losartan modify mitogen-induced proliferative response and expression of some differentiation antigents on peripheral blood
mononuclear cells in chronic uraemic patients

1- but not type 2-associated lymphokine production,
prevents induction of experimental autoimmune
encephalomyelitis in Lewis rats. Eur J Immunol 1993;
23: 1745-51.

30. Costerousse O, Allegrini J, Lopez M, Alhenc-Gelas F.
Angiotensin I-converting enzyme in human circulating
mononuclear cells: genetic polymorphism of expression
in T-lymphocytes. Biochem J 1993; 290: 33-40. 

31. Edwards RM, Aiyar N. Angiotensin II receptors subtypes
in the kidney. J Am Soc Nephrol 1993; 3: 1643-52.

32. Vance BA, Kelly CJ. A nephritogenic T cell clone expresses
components of the rennin-angiotensin system and is
responsive to angiotensin II (abstract). J Am Soc Nephrol
1994; 5: 772A. 

33. Janeway CA Jr, Medhzhitov R, Pfeiffer C, Tao X, Bottomly K.
Altered peptide ligands. Conformational changes in the TcR.
Immunologist 1995; 3: 41-7.


