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In vitro human lymphocyte proliferative responses to a
glycoprotein of the yeast Saccharomyces cerevisiae

C. J. DARROCH, S. E. CHRISTMAS & R. M. R. BARNES Department of Immunology, University of Liverpool

SUMMARY

Following reports of enhanced humoral immunity to Saccharomyces cerevisiae in patients with
Crohn's disease, and identification of an immunodominant, high molecular weight glycoprotein
(gp200), we have investigated the cellular immune response to this yeast in normal individuals.
Following exposure to a crude saline extract (Sacc), peripheral blood mononuclear cells (PBMC)
from these subjects demonstrated dose-dependent increases in tritiated thymidine incorporation, the
time-course of which resembled that of the response to the known recall antigens PPD and TT. This
was accompanied by increased cytotoxicity of the cultured cells for natural killer (NK)-sensitive and
NK-resistant target cell lines. Furthermore, using a purified, high molecular weight, glycoprotein
fraction of Sacc in culture, a dose-dependent lymphoproliferative response was again observed.
Stimulation indices (SI) for thymidine incorporation by umbilical cord blood lymphocytes exposed
to Sacc were low compared with those of normal adults. These results provide evidence for possible
antigen-specific, cellular, immune sensitization
component.

INTRODUCTION

Recently, Main et al. using the enzyme-linked immunosorbent
assay (ELISA) technique with a crude saline extract of Sacchar-
omyces cerevisiae as solid phase antigen, reported the presence
of specific IgG and IgA antibodies in the serum of patients with
Crohn's disease, and which distinguished this group from
normal controls and patients with ulcerative colitis.' In the case
of antibodies of the IgG isotype, this observation held true for
11 of 12 S. cerevisiae strains examined, and there was no
serological cross-reactivity with two strains of Candida albi-
cans.2 Results from this laboratory confirmed and extended
these findings, suggesting that IgA anti-Sacc antibody, though
less sensitive, was a more specific marker for Crohn's disease;3
furthermore, there was no correlation between the presence of
anti-Sacc antibodies and those reacting with Escherichia coli or
other dietary antigens. Sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) followed by periodate
oxidation and immunoblotting with antibody-positive sera
suggest that the relevant antigen is a high molecular weight
(-200,000 MW), heat-stable, soluble glycoprotein (gp200).4

The demonstration of specific humoral immunity to this
putatively non-pathogenic organism, quantitatively different in
subjects with a specific pathology as compared with normal
individuals, raises the possibility that concomitant cellular
immunity to the same antigen is also present. The fact that in
vitro immune responses to the pathogenic fungus C. albicans
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of normal individuals to a ubiquitous dietary

have been extensively studied5 " has provided a model for the
study of this related organism and we have previously reported
preliminary findings of increased in vitro DNA synthesis by
peripheral blood mononuclear cells (PBMC) in response to a
crude saline extract of the yeast (Sacc), which suggest that this is
the case even in normal subjects. 12.13

The aim of the present work has been to confirm and extend
these observations by making a qualitative comparison between
lymphocyte proliferative responses to Sacc and those to recog-
nized recall antigens and mitogens, thereby establishing optimal
culture conditions with which to explore the phenomenon of
cell-mediated cytotoxicity induced by Sacc. The lymphoproli-
ferative response to the previously identified high molecular
fraction of Sacc has also been examined.

MATERIALS AND METHODS

Preparation of cells
PBMC were obtained from normal subjects by the method of
Boyum.'4 Briefly, aliquots of whole blood were collected from
donors by venepuncture and diluted with sterile, heparinized
(15 U/ml final concentration) physiological saline (ratio of
blood: saline = 1: 1 to 2: 1). This mixture was then separated on a
Lymphoprep (Nycomed, Oslo, Norway) density gradient by
centrifugation at 2000 rpm (-. 830 g) for 20 min at 200. The buffy
layer was removed by pipette and the cells washed once in an
excess ofwash fluid [RPMI- 1640/25 mm HEPES (Flow Labora-
tories, Irvine, U.K.) plus heparin at 15 U/ml)] followed by
centrifugation at 1400 rpm (-400 g) for 15 min at 200. After
discarding the supernatant, the pellets were resuspended in a
small volume ofcomplete culture medium [RPMI/HEPES, each
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100 ml supplemented with the following: 3 ml 7-5% NaHCO3
solution (Gibco, Paisley, U.K.); 10 ml heat-inactivated (560 for
30 min), sterile-filtered (0-2 gm), human AB serum; 2 ml L-
glutamine 200 mm (Gibco) and 2 ml of a solution containing
penicillin 5000 U/ml plus streptomycin 5000 pg/ml (Gibco)]
prior to counting. Cells obtained by this method were virtually
100% viable by trypan blue exclusion.

Heparinized umbilical cord blood was first depleted of
erythrocytes by preincubating each 10 ml aliquot with 2 ml 1%
methylcellulose (Sigma, St Louis) in phosphate-buffered saline
(PBS) at 370 for 15 min with mixing, then diluting with an equal
volume of physiological saline and allowing to settle for a
further 30 min prior to density gradient centrifugation of the
supernatant suspension with Lymphoprep.

Antigens and mitogens
Sacc. A saline extract of S. cerevisiae was prepared as

previously described.4 Briefly, 100 g of a commercially available
dried bakers' yeast (Sainsbury's) was suspended in 500 ml sterile
physiological saline at 40 and washed twice, resuspending to the
original volume after each centrifugation. Following the second
wash, the suspension was heated in a water-bath at 100° for
1 hr. After cooling, the suspension was centrifuged, and the
supernatant sterile filtered to 0-2 pm. Total protein concentra-
tion was measured by the Coomassie brilliant blue colorimetric
method (Bio-Rad, Richmond, CA), and the preparation was
stored in aliquots at -20° until further use.

A purified high molecular weight fraction was prepared by
subjecting an aqueous extract (as above, but prepared in water
rather than saline) to an approximately sixfold volume reduc-
tion by ultrafiltration using a TCF 2-micro-thin channel
ultrafiltration system (Amicon, Lexington, MA) with mem-
branes having a 50,000 MW cut-off; the ultrafiltrate was then
lyophilized and that product was then applied to a Sepharose
CL6B column (Pharmacia, Uppsala, Sweden) equilibrated in
sterile water, and the fraction eluting in the void volume was
collected and lyophilized. This fraction showed a single band of
apparent MW = 200,000 after SDS-PAGE and staining with
Coomassie brilliant blue and periodic acid Schiff's reagent
(PAS).

Purified protein derivative of Mycobacterium tuberculosis
(PPD). A pharmaceutical preparation containing 100,000 U/
ml PPD (Evans Medical, Horsham, U.K.) was obtained. This
had a total protein concentration of 750 pg/ml and was stored
until further use at 40, according to the manufacturer's recom-
mendations.

Tetanus toxoid (TT). Unadsorbed tetanus vaccine, 60 ml
(Evans Medical) was dialysed extensively against distilled water,
sterile filtered (0-2 pm), and lyophilized; it was then redissolved
to 10 ml in water, centrifuged, refiltered and stored at -20° until
further use.

Pokeweed mitogen (P WM). A stock solution was prepared
by dissolving 10 mg lyophilized mitogen (Sigma) in 5 ml sterile
water. Aliquots were stored at - 20° until further use.

Interleukin-2 (IL-2). A stock solution of purified lympho-
blastoid IL-2 (Biotest, Dreieich, Germany) containing 100,000
U/ml was stored at 4°.

Proliferation assays
For dose-response and time-course experiments, PBMC were

adjusted to 2/3 x 106 lymphocytes/ml in culture medium and
plated on to sterile 96-well, U-bottomed culture plates (Flow) at
105 cells in 150 pl/well. Dilutions of antigens/mitogens were
prepared in culture medium at four times their intended final
concentrations in culture and added to the wells in 50 p1
volumes; the same volume of culture medium alone was added
to control wells. Plates were then incubated for variable periods
at 37° in a humid atmosphere containing 5% CO2.

On the day of harvesting, the cells were pulsed with [methyl-
3H]thymidine (I mCi/ml) (Amersham International, Amer-
sham, U.K.) by adding I p1 to each well and incubating for a
further 6 hr. The cells were then harvested on to glass fibre filters
using a semi-automatic cell harvester (Flow). The filters were
allowed to dry overnight prior to f-counting of the individual
discs in "OptiScint 'Hi Safe"' liquid scintillant (LKB, Surrey,
U.K.).

Medians were calculated for each group of replicate wells.
Results are expressed either as absolute c.p.m. or as the
stimulation index (SI: count for stimulated culture/count for
corresponding unstimulated control culture).

Cytotoxicity assay
Effector cells. PBMC were cultured in bulk at 5 x 105

lymphocytes/ml in 50-ml flasks and under the same incubation
conditions as described above for the proliferative assay. Four
cultures were established for each donor, as follows: unstimu-
lated cells; cells plus Sacc; cells plus PPD; cells plus IL-2. After 7
days, the cells were washed in RPMI supplemented with 10%
fetal calf serum (FCS), resuspended in a small volume of the
medium, and a viable count (trypan blue exclusion) performed.
Finally, the cells were adjusted to 5 x 105/ml.

Target cells. Two cell lines were used: mel- 1, a natural killer
(NK)-resistant, malignant melanoma-derived cell; and Molt4,
an NK-sensitive, T-cell leukaemia-derived cell. These were
harvested from culture, washed twice in RPMI/FCS and the
centrifuged pellets were resuspended in the presence of lO pl of a
solution of 5"Cr-sodium chromate (10 mCi/ml) (Flow). After
incubation for 1 hr at 370, the cells were washed twice in RPMI/
FCS and adjusted to 5 x 104/ml after performing a viability
count.

The assay was performed by adding 150 p1 of each effector
cell suspension to the same volume ofeach target cell suspension
in 11-mm diameter test-tubes in triplicate, to give an effector to
target cell ratio of 10: 1. After gentle centrifugation at 1,000 rpm
(- 208 g) for 5 min, followed by incubation for 4 hr at 37°, 150 p1
of supernatant was removed from each tube. Respective pairs of
pellets and supernatants were then counted in a y-counter.
Spontaneous release was calculated from tubes containing
target cells plus 150 p1 medium only, and maximum release from
tubes containing target cells plus 150 p12% Triton 100 (BDH) to
lyse the cells. A mean background count was subtracted from
each experimental count, and the per cent cytotoxicity for each
pair of tubes calculated as follows:

% cytotoxicity=
Rtest -Rspont X 100
Rmax- spont

where: Rtest = fractional release in test sample; Rspont= mean
spontaneous fractional release; Rmax = mean maximum fractio-
nal release. The mean of each triplicate was taken as the final
result.
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Figure 1. Dose-response relationship for: (a) Sacc; (b) PPD; (c) PWM.
In (a) and (b), eight replicate wells were used for each subject at each
dose, and six replicates in (c); the final response for each group of
replicates being the median of the individual counts. These medians
were then used to estimate the population median and the 95%
confidence interval (Wilcoxon) at that dose. Figures on the horizontal
axes refer to final concentrations in culture; cont. =control, medium
only added to culture. Arrows indicate concentrations used for the
subsequent time-course experiment.

Statistical analysis
Data were compared using the appropriate non-parametric tests
in MINITAB (MINITAB, State College, PA), for personal com-

puters.

RESULTS

Dose-response and time-course

After 7 days in culture, the proliferation, as measured by
tritiated thymidine incorporation over 6 hr, of PBMC from
normal donors in response to a range of fourfold dilutions of
Sacc, PPD and PWM is shown in Fig. 1, where the median and
95% confidence interval for the sample is plotted at each
concentration. A major feature is that the demonstration of an
optimal response to Sacc appears to be more critically depen-

(c)

'7=9
2 3 4 5 6 7

Days in culture
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Figure 2. Time-course of response to: (a) Sacc (8-6 pg/ml); (b) PPD
(3-9 yg/ml); (c)PWM (10 pg/ml). Each experiment was performed on six
replicate wells and the analysis was as for the data in Fig. 1.
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Figure 3. Cytotoxicity assay. Effector cells were obtained by culture of
lymphocytes from six normal donors: C=control (unstimulated) cells.
Concentrations of Sacc and PPD used for preculture of effector cells
were as for Fig. 2; IL-2 was used at 50 U/ml. Bars show mean + SEM %
cytotoxicity by effector cells, incubated in a ratio of 10: 1 with target
cells.
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Figure 5. Comparison of proliferative responses ofPBMC (0, n = 4) and
CBMC (U, n=9), expressed as: (a) absolute c.p.m.; (b) SI. Bars show
mean + SEM derived from five replicates.
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Figure 4. Proliferative response to purified Sacc. Cells were harvested on
3 consecutive days: (a) day 6; (b) day 7; (c) day 8. Each data point is the
median of five replicates. Separate dose-response curves are shown for
each of the four subjects.

dent on dose than is the case for PPD and PWM, which both
produce a shallow plateau of responses over a greater than 200-
fold concentration range.

Data on the time-course of the proliferative responses (Fig.
2) were obtained by measuring tritiated thymidine incorpora-
tion daily in the presence ofthat concentration of Sacc, PPD and
PWM which had produced the optimal response at 7 days (these
are indicated by arrows against the horizontal axes in Fig. 1).
Whereas PWM elicited very early proliferation which was

maintained throughout the course of the experiment, peak

responses to Sacc and PPD were delayed at 7 days and 5-6 days
respectively.

The dose dependency and time-course of the response to TT
(not shown) closely resembled that of PPD.

Cytotoxicity

The per cent cytotoxicity obtained against the mel-I and Molt4
cell lines with an effector to target cell ratio of 10: 1 is shown in
Fig. 3. Similar results were obtained for ratios of 20: 1 and 5: 1
(data not shown). All effector cell samples demonstrated
cytotoxicity significantly greater than that of the unstimulated
control at P < 0 05 (Wilcoxon signed rank test). Antigen-
stimulated cells elicited greater killing against the NK-sensitive
line (Molt4) compared with the NK-resistant line (mel-l).

Proliferative responses to purified Sacc

PBMC were obtained from four donors who had previously
demonstrated significant proliferative responses to Sacc and
tested for their ability to proliferate in response to doubling
dilutions of a high molecular weight fraction purified by gel
filtration. Figure 4 shows that the responses were comparable
regardless of whether cells were harvested after 6, 7 or 8 days in
culture. Furthermore, it can be seen that the amount of
thymidine incorporation is less critically dependent on dose
than was the case for the unfractionated Sacc preparation, and
in this respect the response more closely resembles those ofPPD
and TT.
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Proliferative response of cord blood lymphocytes
Cord blood mononuclear cells (CBMC) were incubated with
concentrations of Sacc, PPD, TT and PWM which had been
shown to be optimal for adult PBMC. After 7 days in culture,
the incorporation of tritiated thymidine was compared with that
of similar cultures ofnormal adult PBMC (Fig. 5). Although the
responses, in absolute c.p.m. of stimulated CBMC cultures were
in each case not significantly different from those ofPBMC (Fig.
5a), unstimulated CBMC cultures uniformly demonstrated a
high background uptake [P < 0-01 (Mann-Whitney) cf. PBMC]
with consequently reduced SI for stimulated cultures [P < 0-01
(Mann-Whitney) cf. PBMC] (Fig. Sb).

DISCUSSION

Saccharomyces cerevisiae is not recognized as a pathogen except
in rare, anecdotal cases. However, exposure to this organism in
the form of bakers'/brewers' yeast is virtually universal and the
demonstration of humoral immunity to the yeast extract Sacc,
specifically in relation to Crohn's disease,'-4 raises the possibility
of sensitization via the gut-associated lymphoid tissue (GALT),
a site at which activated T lymphocytes may be involved in
induction or maintainance of gastrointestinal disease.'5

Using incorporation of tritiated thymidine as a marker of
DNA synthesis in PBMC, it has been possible to establish dose-
response relationships for Sacc, PPD and PWM after 7 days in
culture (Fig. 1). Although the profile of the Sacc response
appears to differ markedly from those ofPPD and PWM, in so
far as optimal thymidine uptake is more critically dependent on
a narrow range of concentrations, this may have been an
artefact due to the nature of the preparation used: that is, above
a concentration of total Sacc protein of 17 jg/ml it may not have
been possible to increase the proportion of the saline extract in
the culture medium without either introducing significant
amounts of inhibitory factors or excessively diluting essential
components of the medium. Indeed, this anomaly was not
observed with the purified, lyophilized, high molecular fraction
(see below).

Having thus established appropriate optimal concentra-
tions, the time-course of each response was examined (Fig. 2).
The kinetics of the responses to Sacc and PPD are similar and
contrast with that to PWM in that the maximum responses are
delayed, reaching well-defined peaks on day 7 (Sacc) and day 6
(PPD), compared with the early plateau of thymidine uptake
seen with PWM. It could be argued that this observation
supports the suggestion that Sacc, like PPD, is mediating
lymphocyte activation in an antigen-dependent manner rather
than acting non-specifically as a mitogen. This conclusion might
be criticized on the grounds that a maximal response at about 7
days has already been preselected on the basis of the doses
chosen and that the earlier response to PWM merely reflects less
stringent dose requirements rather than a fundamental differ-
ence in the kinetics of the response per se. However, when
tetanus toxoid was used as recall antigen, it also resulted in
maximum uptake at 5-7 days, and this remained true over a
greater than 200-fold dose range (results not shown). The
kinetics of the response to Sacc are in broad agreement with
those reported elsewhere for antigenic preparations of C.
albicans.5'6

In previous studies in mouse and man, C. albicans-stimu-
lated cells have been shown to possess in vitro cytotoxic activity

against a variety of allogeneic targets and this has been
attributed to induction ofNK cell activity.7-9 Sacc also appears
to have this property: the cytotoxicity of Sacc-stimulated cells
for both NK-sensitive and NK-resistant cell lines was statisti-
cally greater than that demonstrated by negative control cells
(Fig. 3). The levels of cytotoxic activity induced by Sacc were
less than those obtained with the control antigen PPD, and this
may reflect differences in the precursor frequency or phenotype
of lymphocyte subsets which each activates. In the studies on C.
albicans cited, cytotoxicity was also greater, and although the
different target cell lines, and in some cases, higher effector: tar-
get cell ratios used in those experiments make direct comparison
with the current data difficult, Sacc does appear to be a less
potent inducer of cytotoxicity than C. albicans.

The ability of a purified high molecular weight glycoprotein
fraction of Sacc to elicit a lymphoproliferative response was
examined, and, as is shown in Fig. 4, this retained similar
efficacy to the crude preparation. This fraction had the electro-
phoretic and staining characteristics of the previously identified
gp200,4 properties also shared by a heat-stable mannoprotein
fraction of C. albicans which was recognized by anti-Candida
rabbit serum and has been demonstrated to induce lymphopro-
liferation and cytotoxicity in vitro.9

Umbilical cord blood contains T cells which are said to be
phenotypically and functionally immature.'6 In some studies, in
vitro CBMC responsiveness to a stimulating substance, for
example, mannan of C. albicans,'7 has been taken to imply
mitogenicity. However, weak CBMC responses to antigenic
stimuli are detectable, and, in the case of food antigens, have
been proposed as predictors of future allergy.'8 In addition,
limiting dilution analysis has demonstrated a precursor fre-
quency of PPD-specific cells in cord blood only 10- to 100-fold
less than adult peripheral blood, and no difference in the
frequencies of cells from these populations which respond to the
65,000 MW mycobacterial heat-shock protein.'9 Because cell
preparations may differ in their spontaneous rate of thymidine
uptake, the SI is often used as a device to normalize data from
lymphoproliferation assays; we, and others,'6 have found
CBMC to generate particularly high background counts.
Although results manipulated in this way should be interpreted
with caution, our experiments showed CBMC responses to
Sacc, PPD and TT which, expressed as SI, were significantly less
than those of PBMC, whereas there was no difference between
cell populations when results were expressed in c.p.m. Micro-
scopic visual inspection of the cultures tended to support the
conclusion that significant proliferation of CBMC only
occurred in response to PWM; in this latter instance, the
apparently low SI may have been due to the fact that it was
measured after the peak response had been achieved.

In conclusion, in keeping with the apparent ability of S.
cerevisiae to elicit humoral immune responses in man in vivo,
soluble preparations of the organism can induce a lymphoproli-
ferative response in vitro which is kinetically similar to that due
to known recall antigens. This property is retained by a high
molecular weight fraction and is accompanied by the ability to
induce cytotoxic activity in stimulated cells. Whether the
response ofPBMC to Sacc is truly antigen specific remains to be
established, as the evidence presented here, based on the kinetics
of the response and hyporesponsiveness of CBMC, is merely
suggestive. However, it has been shown (C. J. Darroch, S. E.
Christmas and R. M. R. Barnes, unpublished observations) that
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randomly selected T-cell clones, which proliferate in response to
PWM and phytohaemmagglutinin, are not stimulated by Sacc,
and work is in progress to attempt to isolate clones which are
specifically responsive to Sacc.

Although the biochemical nature of the active component(s)
of Sacc has not been fully characterized, the method of
preparation, possession of electrophoretic and staining charac-
teristics ofa high molecular weight glycoprotein, and the known
immunological properties of yeasts'0"' make cell wall mannan
the most likely candidate (preliminary analysis of the purified
preparation supports this suggestion).

It is not known what relevance the ubiquitous presence of S.
cerevisiae in food has to these observations. Lymphoprolifera-
tive responses to other food antigens are not universally
demonstrable in normal individuals;20 Sacc may be unusual in
this respect, and further study is necessary to characterize its role
in health and disease.
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