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Modulation of human T-lymphocyte functions by the consumption of
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A human intervention study was conducted to determine the effect of the consumption of
carotenoid-rich vegetables on the immune system. Subjects, (twenty-three men), who were non-
smokers, were not restricted in their daily diet, except that they had to abstain from fruit and
vegetables high in carotenoids throughout the whole study period. The study was divided into
four periods, each lasting 2 weeks: weeks 1-2: low-carotenoid period; throughout weeks 3-8:
daily consumption of 330 ml tomato juice (40 mg lycopenel8,ng 3-carotene/d) (weeks 3—4),

330 ml carrot juice (2B mg B-carotene/d, 1 mg «-carotene/d, @ mg lutein/d) (weeks 5-6),

10g dried spinach powder (BImg lutein/d, 8 mg B-carotene/d) (weeks 7-8). Blood was
collected weekly from subjects after a 12h fast. T-lymphocyte functions were assessed by
measuring proliferation and secretion of immunoreactive cytokines. The consumption of a low-
carotenoid diet resulted in a significantly reduced proliferation of peripheral blood mononuclear
cells (PBMC) cultured with concanavalin A. After 2 weeks of tomato juice consumption and until
the end of the intervention period lymphocyte proliferation was not significantly changed
compared with proliferation at the end of the depletion period. Secretion of cytokines by
T-helper-1-like lymphocytes (interleukin (IL)-2) and by T-helper-2-like lymphocytes (IL-4) was
influenced by the dietary intervention. IL-2 and IL-4 secretion values were significantly
suppressed after the low-carotenoid diet<(0001 andP < 005 respectively compared with
baseline). Tomato juice consumption significantly enhanced IIR-2 Q001) and IL-4 secretion

(P < 0M5) compared with the end of depletion period. After carrot juice and spinach powder
consumption the cytokine secretion capacity of PBMC was not significantly different from that at
the end of the depletion period. In conclusion, the results of the present study indicate that a low-
carotenoid diet reduces T-lymphocyte functions and addition of tomato juice restores these
functions. This modulation could not be explained by changes in the plasma carotenoid
concentrations. The active constituents in tomato juice as well as the biological significance of
this immunomodulation remain to be determined.

Carotenoids: Vegetable consumption: T-lymphocytes: Cytokines

Carotenoids are common constituents in many vegetable The immunomodulatory activity g8-carotene has been
and fruit varieties (Mangelst al. 1993). Only forg-caro- thoroughly investigated in several animal species and in a
tene, with its provitamin A activity, have the biological number of human trials (Bendich, 1989; Watsdral. 1991;
activities of carotenoids been intensively studied (Burri, Meydaniet al. 1995). While the animal studies have shown
1997). With the results of the Alpha-Tocopherol Beta- an immunoenhancing effect of pufzcarotene (Bendich,
Carotene (ATBC) and Carotenoid Retinol (CARET) studies 1991), results from human trials are inconsistent. Studies
(The Alpha-Tocopherol, Beta-Carotene Cancer Prevention have reported stimulation of various immune functions with
Study Group, 1994; Omenet al. 1996), however, interest  3-carotene supplementation (Meydaati al. 199%; Mor-

has increased in the physiological effects of carotenoids iguchiet al. 1996; Santost al. 1996; Hughesgt al. 1997,b;
other thang-carotene. Recently, lycopene and oxocaro- Kazietal 1997) or have observed no effects (Meydegiral.
tenoids (xanthophylls) have become a major focus in 199%; Kramer & Burri, 1997). Most human studies have
carotenoid research (Stahl & Sies, 1996; Behal 1997; used purgs-carotene in dosages ranging from 15 to 300 mg/d
Gerster, 1997). for short- and long-term periods (Meydaeti al. 199%).

Abbreviations: ABTS, 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid; ConA, concanavalin A; IL, interleukin; PBMC, peripheral blood mononuclear
cells.
* Corresponding author: Dr Bernhard Watzl, fax-49 721 6625 404, email bernhard.watzl@bfe.uni-karlsruhe.de



384 B. Watzlet al.

Depletion studies with lows-carotene diets have None was taking vitamin supplements or medications from
revealed conflicting results. Daudt al. (1994) reported 1 month before or during the study. The study was approved
no effect on lymphocyte proliferation of a log~carotene by the Medical Ethical Committee of the Landeakam-
diet consumed for 68d, while Kramer & Burri (1997) mer Baden-Wrttemberg and all participants gave their
observed a suppressed proliferative responsiveness of lym-consent in writing. All participants were employees from
phocytes in human subjects consuming a |@warotene the Research Centre Karlsruhe, where the Institute of
diet (05 mg/d) for 60d. These controversial results may be Nutritional Physiology of the Federal Research Centre for
due to methodological differences in the protocol of Nutrition is located.
peripheral blood mononuclear cell (PBMC) isolation.

Besidesp-carotene only lycopene has been studied in
human subjects. Supplementation with 15mg lycopene/d Study design
for 28 d induced no consistent changes in monocyte surface
marker expression (Hughes al. 1997). The immunomo-
dulatory activity of other carotenoids in human subjects is
not known. There is one study which investigated the effects
of consuming carotenoid-rich vegetable extracts on lym-
phocyte functions (T-lymphocyte proliferation) in human
subjects (Clevidencet al. 1997). In this study a carotenoid
complex from vegetables was consumed, which provided
B-carotene (8 mg/d), lycopene (B mg/d) and lutein/zea-
xanthin (15 mg/d). Lymphocyte proliferation was enhanced
after the consumption of the carotenoid complex. So far, no
study has investigated the effects of consuming carotenoid-
rich vegetables on the human immune system.

The objective of the present study was to examine the
effects of consuming different carotenoid-rich vegetable
products on T-lymphocyte functions in healthy adult male

This study was conducted during the months of October to
December. The study was divided into four periods each
lasting 2 weeks, resulting in a total study period of 8 weeks:
weeks 1-2 low-carotenoid period, weeks 3—4 tomato juice
consumption (330ml/d providing 40mg lycopene and
1B mg p-carotene; Schoenenberger, Magstadt, Germany),
weeks 5-6 carrot juice consumption (330 ml/d providing
216 mg B-carotene, 1H mg a-carotene and @ mg lutein;
Schoenenberger), weeks 7-8 spinach powder consumption
(10g/d providing 1B mg lutein and & mg g-carotene;
Vélpel, Konigsmoos, Germany). In order to supply a
standardized quantity of carotenoids through the vegetables,
we used vegetable juices. Since there was no juice from
green, lutein-rich vegetables available on the German
market, we decided to use spinach powder, which was
dissolved by the study subjects in water, milk, yoghurt or

Isuligjiﬁgzta}er%ar?é?/rilgé%s%(cahr? tﬁlneéﬁ _c:Ceasrs(,)itbelgefO(I)){jc?rﬁ):trr]ii ’es soup. Subjects were told to consume the vegetable products
P y high'y with their main meals. Subjects were not restricted in their

(processed vegetable products) in amounts possibly con-y-iv di hat thev h in f frui

sumed by people eating a Mediterranean-type diet. In a 921y diet except that they had to abstain from fruit and

prelimina)r/ygtuc?y we shog\]/ved that for processgg carotenoid- vegetables high in carotenoids throughout the whole study
period. A list of the fruit and vegetables the subjects were

rich vegetables a supplementation period of 2 weeks was ;
. : ; ; ~ o hot allowed to eat was provided (Mer et al. 1999).
sufficient to increase plasma carotenoid concentrations 2 BSubjects had to record their daily fruit and vegetable

fold (H Mdller, A Bub, B Watzl and G Rechkemmer, . : X
unpublished resuilts). In the present study, after a carotenoidS"Sumption throughout the whole study period. The daily
carotenoid intake provided by fruit and vegetables was

depletion period of 2 weeks the low-carotenoid diet of the e . .
. . . quantified by using a dietary assessment software package
subjects was supplemented daily for 2 weeks with tomato (PRODI 4.4, Nutri-Science, Karlsruhe, Germany), which is

juice (lycopene) followed by carrot juicea{carotene, "
g-carotene) and by spinach powder (itein). No wash-out 256 20 8 PME0 A SHEE TG h e 28
periods between the different supplementation periods WerCind Veterinamedizin, 1994). Total carotenoid and ascorbic

used in ordergl) mimic more c[[oste;ly the ?ietar.y behavitourqé acid intakes of the study subjects before the study period
consumers. Plasma concentrations of major carotenoids i : .
(including trans andcis-isomers and epoxidesy- and~- \rlmva?irrz ?gjgﬁ]se? u|5|1nggg? validated food-frequency question-
tocopherols, retinol, and ascorbic acid were measured get al ):
(Mdiller et al. 1999). T-lymphocyte functions were assessed
by measuring mitogen-activated proliferation. In order to
detect whether T-lymphocytes were affected as a total cell
population or whether subgroups of T-lymphocytes were Blood from fasting subjects was collected once weekly
differentially affected, the secretion of T-helper-1 lympho- between 07.00 and 09.00 hours; plasma was separated
cyte specific (interleukin (IL)-2) and T-helper-2 lymphocyte and an equal amount of PBS was added. PBMC were
specific (IL-4) cytokines was guantitated. isolated by density-gradient centrifugation using Histopa-
que 1077 (Sigma, Deisenhofen, Germany) and were washed
twice with PBS. Purified PBMC were resuspended in
Subjects and methods complete RPMI-1640 culture medium (Life Sciences,
Eggenstein-Leopoldshafen, Germany), containing 50 ml
fetal bovine serum/I (Life Sciences)glutamine (2 mmol/l),
Twenty-three non-smoking men (aged 27—40 years), with penicillin  (100000U/l) and streptomycin (100 mg/l).
normal weight (BMI 231 (sp 039) kg/nf) were recruited Trypan blue staining was used to assess cell viability, and
for the study. All subjects were in good medical health as lymphocytes were counted in a haemocytometer under a
determined by a screening history and medical examination. light microscope.

Preparation of peripheral blood mononuclear cells

Subjects
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Leucocyte numbers

Total leucocyte numbers were determined on fasting blood
after each week. Leucocyte numbers were obtained by
using an automated analyser (F-300, Sysmex, Hamburg,

Germany) according to standard operational procedures.

Lymphocyte proliferation

PBMC from each subject at x10° cells/l in complete
RPMI-1640 medium were cultivated in quadruplicate in
flat-bottomed ninety-six-well microtitre plates (Greiner,
Nurtingen, Germany) and stimulated by the T-cell mito-
gen concanavalin A (ConA; 5mg/l; Sigma) for 120h at
37 in an atmosphere of 50ml GO and 95 % humidity.
PBMC were pulse-labelled with the thymidine analogue
5-bromo-deoxyuridine (10@mol/l; Boehringer, Mannheim,
Germany) for 3h at 37 The incorporated 5-bromo-
deoxyuridine was detected by a quantitative cellular
enzyme immunoassay using a commercial ELISA kit
(Boehringer), following the manufacturer's instructions.
The amount of incorporated 5-bromo-deoxyuridine is quan-

tified by measuring the absorbance of the samples in a

multiplate spectrophotometer (Molecular Devices, Menlo
Park, CA, USA) at 450nm (reference wavelength

650 nm). As background control absorbance was measure

in wells which were not pulse-labelled with 5-bromo-
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monohydrate, in 1 litre water, pH2} with final concentration

of 0@ ml H,O./) was used. Optical density was measured
with a multiplate spectrophotometer (Molecular Devices) at
405nm.

IL-4 was measured in a similar way to IL-2 with the
following reagents. Coating: polyclonal anti-human IL-4
(0B mg/l; Endogen, Cambridge, MA, USA); blocking:
40 ml bovine serum albumin/l in PBS-Tween; standards:
recombinant human IL-4 (Endogen); detecting antibody:
biotin-labelled anti-human IL-4 monoclonal antibody
(025 mg/l; Endogen); peroxidase-conjugated streptavidin
(0B mg/l; Jackson ImmunoResearch Laboratories).

Statistics

The results for plasma carotenoids and leucocyte numbers
are expressed as means and standard deviations and the
results for the immunological measurements as means with
their standard errors. Differences between values for week 2
(end of depletion) and supplementation with the vegetable
products for 2 weeks within the same group were examined
by Wilcoxon matched pairs signed rank test. Statistical
significance was accepted Rt 0[05. All statistical calcu-
lations were performed with the Statistical Analysis

dSystems computer software program (SAS for Windows,

version 6.12; SAS Institute, Cary, NC, USA).

deoxyuridine. Proliferative responses were expressed as the

net absorbance values (absorbapggm-assonm Of pulse-
labelled cells-absorbancgsgnm-assonm Of Unlabelled cells).

Interleukin-2 and interleukin-4

PBMC from each subject at 310° cells/l in complete
RPMI-1640 medium were stimulated in quadriplicate by
5mg ConA/l for 48 h at 37 Microplates were centrifuged
for 5min at 30Q) and cell-free supernatant fractions were
collected and stored at80° until analysis. IL-2 and IL-4
were quantified by ELISA methods. For IL-2, microtitre
plates (Maxisorp, NUNC, Roskilde, Denmark) were coated
with 50l of an anti-human IL-2 monoclonal antibody
(4mg/l carbonate buffer, pH®; R&D Systems, Wiesba-
den, Germany) and stored overnight at Between subse-

Results
Plasma carotenoids

Compliance of the study subjects was high, with no subject
missing the daily intake of the vegetable products. During
the 2-week low-carotenoid period there was no statistically
significant change in plasma carotenoids compared with
prestudy plasma concentrations (Table 1). Tomato juice,
carrot juice, and spinach powder consumption each resulted
in a significant increase of the vegetable-specific caro-
tenoids compared with plasma concentrations at the end
of the depletion period (Table 1). The increase in lycopene
concentration in week 4 was not associated with changes in
other carotenoids (Mler et al. 1999). In week 6 plasma
lycopene concentration returned to baseline concentration.

guent steps in the assay, plates were washed five times withPlasma retinolx-tocopherol and ascorbic acid concentra-

PBS-Tween (@1M-PBS containing @ ml Tween 20/1)
with an automated plate washer (Molecular Devices).
Non-specific binding was blocked by adding jpi0bovine
serum albumin (10 ml/l in PBS-Tween; Boehringer) for 1 h

tions did not change throughout the intervention period
(Muller et al. 1999; A Bub, B Watzl, J Wever, SL Abra-
hamse, H Delinoce, ST Adam, S Mittenzwei, J Hegele, H
Muller and G Rechkemmer, unpublished results). The

at 37. Plates were incubated with supernatant fractions and average daily intake of total carotenoids from self-selected

with serial dilutions of recombinant human IL-2 (R&D
Systems) diluted in complete RPMI-1640 medium. Then
50pl of a polyclonal goat anti-human IL-2 neutralizing
antibody (8 mg/l PBS-Tween and 10 ml bovine serum albu-
min/l; R&D Systems) was added for 1 h at room tempera-
ture, followed by a further 1 h of incubation with p0 of a
rabbit anti-goat immunoglobulin G peroxidase-conjugated
antibody (dilution 1:40000 in PBS-Tween and 10ml

bovine serum albumin/l; Jackson ImmunoResearch Labora-
tories, Hamburg, Germany). As a peroxidase substrate,

foods during the study period based on food records was
132 (sp 087) mg, with 57 % derived frong-carotene, 6 %
from «-carotene, 36 % from lutein and 2 % from lycopene.
Total carotenoid and ascorbic acid intakes before the study
period were calculated to bé4® (sp 2[17) mg/d and 118

(sp 489) mg/d respectively.

Leucocyte numbers
Total leucocyte numbers were constant throughout the

100ul of a 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic  whole study period starting with Bx 10° cells/l and

acid buffer (ABTS; Sigma) (84 g ABTS and 21 g citric acid

ending with 52 x 10° cells/I (range B1—-58x 10° cells/l).
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Table 1. Plasma carotenoid concentrations (umol/l) and proliferation and interleukin-4 production (pg/ml) by peripheral blood mononuclear cells of
subjects consuming a low-carotenoid diet (weeks 0—2) supplemented with tomato juice (weeks 3—4), carrot juice (weeks 5—6) or spinach powder
(weeks 7-8)t

(Mean values and standard deviations (plasma carotenoids) or standard errors (lymphocyte functions) for twenty-three subjects)

Baseline Depletion Tomato juice Carrot juice Spinach powder
Week. .. 0 1 2 3 4 5 6 7 8
SD or SD or SD or SD or spbor
Mean Se Mean SE Mean SE Mean  SE Mean  SE Mean  SE Mean  SE Mean SE Mean SE
Plasmait
Lycopene o6 o0m7 - 016 008 - 0[38* 0013 - o5 0m5 - 014 06
B-Carotene 074 014 - 060 036 - 0B5 025 - 2[05* 002 - 121* 0B1
Lutein 037 o004 - 035 o002 - 0B33 o002 - 036 o001 - o1+ ol@z7
Lymphocyte
Proliferation§ 137 006 161 008 147 008 1@25* 005 132 O0O7 160 006 161 OM6 133 006 131 006
Interleukin-4 350* 53 296 14B 270 301 263 163 36[4* 40 33@* 4[4 308 30 328 43 2609 3B

Mean values were significantly different from those for week 2: *P < 0[05.
T For details of diets and procedures, see pp. 384-385.

1 Data are from Muller et al. (1999). Plasma carotenoids were not determined at weeks 1, 3, 5 and 7.

§ Measured as absorbance at 450 nm minus absorbance at 650 nm.

Lymphocyte functions

In a dose—response curve with ConA, 5mg ConA/l gave the

maximum proliferative responsiveness and maximum cyto-

kine secretion. This concentration was, therefore, used

throughout the study. Lymphocyte proliferation decreased
at the end of the low-carotenoid period (week.week 2,
P=007) and after the first week of tomato juice con-
sumption proliferation was significantly suppressed com-
pared with proliferation at the end of the depletion period
(Table 1). After a further week of tomato juice consump-
tion and until the end of the intervention period prolifera-
tion did not differ compared with proliferation at the end
of the depletion period (Table 1).
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Fig. 1. Concentration of interleukin-2 (pg/ml) secreted by peripheral
blood mononuclear cells (PBMC) activated with concanavalin A
(5mg/l) and cultured for 48h at 37° and 50ml CO,/l. PBMC were
isolated from subjects (n 23) who consumed a low-carotenoid diet
(weeks 0-2), which was supplemented with tomato juice (weeks 3—
4), carrot juice (weeks 5-6) or spinach powder (weeks 7-8). Values
are means with their standard errors represented by vertical bars.
Mean values were significantly different from those for week 2: *P <
005, **P < 0M001.

The concentrations of immunoreactive IL-2 secreted into
the culture media by the PBMC from study subjects when
cultured with ConA are shown in Fig. 1. There was a
significant decline in the capacity to secrete IL-2 after
2 weeks of consuming the low-carotenoid diet. The supple-
mentation with tomato juice activated PBMC to secrete IL-2
in an amount similar to the prestudy concentration. After the
2 weeks of carrot juice consumption and after two further
weeks of spinach powder consumption no increased
capacity to secrete IL-2 compared with week 2 was
observed.

The capacity of PBMC to secrete immunoreactive IL-4
was also modulated by the dietary intervention. The low
carotenoid intake during the first 2 weeks resulted in a
significant reduction of IL-4 secretion (Table 1). Tomato
juice consumption for 2 weeks increased IL-4 secretion
capacity of PBMC significantly. Again, 2 weeks of carrot
juice consumption and of spinach powder consumption did
not result in an enhanced IL-4 secretion compared with the
end of the depletion period.

Discussion

The immune system is a major component in the patho-
genesis of several chronic diseases like cancer and cardio-
vascular disease. Epidemiological studies have consistently
found that an inverse relationship between intake of vege-
tables and fruit and risk for these diseases exists (Steinmetz
& Potter, 1991; Bloclet al. 1992; Keyet al. 1996; Ness &
Powles, 1997). The constituents in vegetables and fruit
contributing to the preventive effects are not yet identified.
In addition, a strong inverse association between dietary
intake of 3-carotene and cancer risk has been observed in
several epidemiological studies (Mayne, 1996). Since diet-
ary B-carotene is mostly provided by vegetables and fruit,
the immunomodulatory activity g8-carotene may contri-
bute to the observed protective effects of these food items.
Subjects enrolled in our present study had a total caro-
tenoid intake of 38 (sp 2[17) mg/d before entering the
study. Since the average carotenoid intake of males in
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Germany (aged 24-50 years) i® Bng/d (Pelzt al. 1998), repletion with pure3-carotene (15 mg/d) did not influence
our study subjects were consuming relatively low levels of lymphocyte proliferation (Daudet al. 1994). In this study
fruit and vegetables. The results of our study show that the plasma -carotene concentration significantly decreased
consumption of a diet low or high in carotenoid-rich during depletion.
vegetable products modulates T-lymphocyte functions as In several studies supplementation wiitarotene with-
measured ifin vitro assays. A low intake of carotenoid-rich  out using a depletion period before supplementation did not
vegetables decreased lymphocyte proliferation and inhib- affect lymphocyte proliferation (Ringest al. 1991; Mey-
ited the capacity to secrete cytokines, although plasmadaniet al. 1995). In a study on nutrition and lymphocyte
carotenoid concentrations were not reduced significantly proliferation in young and aged subjects plagBrearotene
during this period. Supplementing the low-carotenoid diet concentration also did not correlate with lymphocyte pro-
with vegetable products high in specific carotenoids liferative responsiveness (Gardner al. 1997). Only one
significantly increased plasma concentrations of thesestudy has clearly demonstrated a stimulatory effect on
carotenoids. However, only after the tomato juice period lymphocyte proliferation after supplementation with
were T-lymphocyte functions enhanced compared with the 30 mg 3-carotene/d for 28d (Moriguchiet al. 1996).
end of the depletion period. This enhancement was Besidesg-carotene there is nim vivo study on lycopene
paralleled by a significant increase in plasma lycopene and lymphocyte proliferation and only one study which has
concentration (Mler et al. 1999). investigated the effect of lutein on lymphocyte proliferation.
The reduced lymphocyte proliferative responsiveness In this animal study a lutein-rich extract from marigold
observed after 1 week of tomato juice consumption may (Tagetes patulpwas applied orally for 2 and 4 weeks. This
have been a consequence of the preceeding low-carotenoidreatment resulted in an enhanced lymphocyte proliferation
period and not an effect of the tomato juice consumption. after 2 weeks of supplementation (Chetval. 1996).
The different kinetics of the dietary intervention on IL-2 and IL-4 are cytokines which are both produced by
T-lymphocyte proliferation and IL-2 secretion suggests activated T cells. While IL-2 production is concentrated
that IL-2 secretion capacity is more sensitive to such dietary among T-helper-1 cells, IL-4 is primarily produced by
treatments than T-lymphocyte proliferation. Reduction of T-helper-2 cells (Mosmann & Sad, 1996). IL-2 plays an
IL-2 secretion in week 2 preceded the lowered lymphocyte important role in the proliferation of T cells following
proliferation in week 3 and the recovery in IL-2 secretion in in vitro stimulation with T-cell mitogens such as ConA.
week 3 preceded the recovery in lymphocyte proliferation. IL-4 has also been shown to stimulate T-cell proliferation.
After carrot juice and spinach powder consumption, In the present study the low carotenoid intake resulted in a
T-lymphocyte functions were not significantly different significantly reduced IL-2 secretion capacity. This reduction
compared with week 2 (end of depletion). While at the was paralleled by a suppressed proliferative response of
end of week 6 plasma lycopene concentration had returnedthese cells. According to these results carotenoids, or other
to the prestudy concentratioa; andg3-carotene and lutein ~ substances provided by the consumption of carotenoid-
concentrations were increased compared with week 2.rich vegetables, may stimulate proliferation via their
These results suggest that tomato juice consumption, asimpact on IL-2 and/or IL-4 production. No other study
indicated by the high plasma lycopene concentration, is looking at the effect of a high carotenoid intake through
related to the increased cytokine secretion capacity the consumption of vegetables on cytokine secretion has
observed after week 4, and tomato juice-specific ingredientsbeen published.
may be necessary for adequate T-lymphocyte functions. Several studies have investigated the effect of pure
Other studies have also investigated the impact of low- §-carotene on IL-2 production and on IL-2 receptor expres-
carotenoid diets on lymphocyte functions. Consumption of a sion on activated lymphocytes in human subjects. Supple-
low-carotenoid diet £-carotene< 01 mg/d or=0[3 mg/d) mentation with3-carotene had no effect on IL-2 production
for 60d significantly suppressed lymphocyte proliferation in human subjects (Moriguchet al. 1996; Santost al.
without significantly changing plasm@-carotene concen-  1996) or in mice (Chewet al. 1996) and did not enhance IL-
trations (Kramer & Burri, 1997), which helps to confirm the 2 receptor expression on PBMC (Dauelual. 1994; Santos
results of the present study. The uptake of a carotenoidet al. 1996). Only in one study using four subjects did
complex from vegetables for 20 d corrected the proliferative 3-carotene supplementation result in enhanced IL-2 recep-
response (Kramer & Burri, 1997). These results suggest thattor expression on T lymphocytes (Watsehal. 1991). In
a -carotene dosage offdmg/d may be too low to allow in vitro studies with T-helper-1 and T-helper-2 clones,
normal proliferation or that the uptake of a mixture of neither lycopene nor lutein affected the production of a
several carotenoids is required in order for lymphocytes to T-helper-1 specific (interferofy) and of a T-helper-2 spe-
function properly. The results of both studies also question cific cytokine (IL-5) (lyonouchiet al. 1996). Overall the
the significance of plasm@carotene concentrations during majority of studies clearly show that pure carotenoids do not
B-carotene depletion periods as a factor influencing lym- modulate T-cell cytokine production. This again suggests
phocyte functions. Probably PBMC carotenoid concentra- that probably other constituents in carotenoid-rich vegeta-
tions more closely mirror the effect of low-carotenoid diets bles mediate the observed effects on T lymphocytes. In
as has been suggested by others recently (Foteulail. previous studies it has also been shown {raarotenen
1996). In addition, non-carotenoid constituents in caro- vitro has no effect on interferoj-secretion, however, the
tenoid-rich vegetables could also modulate T-lymphocyte secretion of monokines (IL-1, tumour necrosis factpwas
functions. A similar study design was used in another significantly increasedh vitro (Abdel-Fattahet al. 1993)
investigation in whichp-carotene depletion as well as andin vivo (Hugheset al. 1997).
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