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Summary. Human leukaemia and lymphoma cell lines
were investigated as stimulating cells in an allogeneic
mixed lymphocyte response. Purified T cells and
unfractionated mononuclear cells from normal
donors were used as responders. The cell lines fell into
three groups: (i) those which stimulated allogeneic
responder T cells in the presence or absence of
accessory (non-T) cells; (ii) those which stimulated T
cells only in the presence of accessory cells; and (iii)
those which failed to stimulate in either case. The
accessory function was provided by adherent cells and
non-adherent, non-T cells. There was no correlation
between the stimulatory capacity ofthese cell lines and
the presence of serologically defined HLA-DR deter-
minants. These results are discussed in the context of
the current two signal hypothesis for T-cell activation.

INTRODUCTION

The mixed lymphocyte reaction (MLR) has been used
extensively in research as an in vitro assay for defini-
tion and characterization of the gene products of the
major histocompatibility complex in murine and
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human systems (Meo, David & Shreffler, 1976; Daus-
set & Fradelizi, 1977). The clinical applications of the
MLR are primarily as an in vitro correlate of cell-
mediated immune function (Wolos & Davey, 1980)
and in fields such as bone marrow transplantation, as a
final test for tissue compatibility.
The MLR is generally interpreted as a proliferative

response by T cells to determinants present on allo-
geneic stimulating cells. Adherent cells or monocytes
have frequently been reported as necessary accessory
cells in the response (Greineder, Shevach & Rosenthal,
1976, Huber, Fink, Leibold, Schmalzl, Peterson, Klar-
eskog & Braunsteiner, 1981). While there is little
argument on the nature of the responding cell, the
nature and role of the stimulating cell is unclear. In the
mouse system, not all cell types can stimulate; in
particular non-lymphoid cells such as cultured fibro-
blasts or epithelial tumour cells fail to stimulate
allogeneic lymphocytes (Talmage, Woolnough,
Hemmingsen, Lopez & Lafferty, 1977). Some correla-
tion has been found between the ability of cells to
stimulate and the expression of H2-I region deter-
minants (Niederhieber, 1978), however Ia negative
cells such as the mesenchymal line, P815, exhibit a
strong stimulatory capacity (Talmage et al., 1977).

In the human system, similar claims have been made
about the role of the equivalent HLA-DR deter-
minants on stimulating cells (Albrechtsen & Lied,
1978, Gottlieb, Fu, Yu, Wang, Halper & Kunkel,
1979), and the ability of monoclonal heteroantisera
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against HLA-DR antigens to inhibit both allogeneic
and autologous MLR suggests a major stimulatory
role for HLA-DR molecules in both of these systems
(Gottlieb et al., 1979). However, as with the mouse
system, the evidence is inconclusive, since HLA-DR
positive cultured melanoma cells and chronic lympho-
cytic leukaemia B cells both fail to stimulate in MLR
(Pollack, Livingston, Fogh, Carey, Oettgen &
Dupoint, 1980; Halper, Fu, Gottlieb, Winchester &
Kunkel, 1979). The reported function of the monocyte
in MLR varies from an absolute requirement (Huber
et al., 1981) to a supportive function (Lemke & Opitz,
1976), or a lack of requirement at high cell densities
(Geier & Cresswell, 1980). The clarification of these
aspects ofMLR, the role and nature ofthe stimulatory
cell, and the requirements for accessory cells, is
imperative for understanding the mechanisms of
induction of a cellular immune response, and has
important implications for manipulation of the im-
mune response against allografts (Lafferty, 1980) and
tumours (Oliver & Lee, 1979).

This study investigates the ability of cell lines
derived from patients with leukaemia or lymphoma to
stimulate allogeneic responder populations from
healthy donors in MLR. The cell lines fall into three
categories: (i) those which stimulate allogeneic res-
ponder T cells in the presence or absence of accessory
(non-T) cells; (ii) those which stimulate T cells only in
the presence of accessory cells; and (iii) those which
fail to stimulate in either case. There was no correla-
tion between the stimulatory capacity ofthese cell lines
and the presence of serologically defined HLA-DR
determinants.

MATERIALS AND METHODS

Preparation ofresponder cells
Mononuclear cells (MNC) from peripheral blood of
healthy adult donors were prepared by buoyant
density centrifugation using Sepalymph (Teva Phar-
maceutical Industries Inc., Jerusalem), washed in
RPM1 1640 supplemented with 10% heat-inactivated
foetal calf serum (RPM I/10% FCS) and penicillin-
streptomycin (100 u./ml) (Flow Laboratories) and
resuspended at 2 x 106 cells per ml. Adherent cells were
removed from the MNC by adherence to plastic at 370
for 1 hr and T cells were prepared according to the
method of Madsen, Johnsen, Wendleboe Hanson &
Christiansen, 1980). Briefly, equal volumes of 2 x 106
cells/ml non-adherent MNC and 0-5% aminoethyl-

isothiuronium bromide treated sheep red blood cells
(AET-SRBC) suspended in RPMI/10% FCS were
incubated for 15 min at 370, centrifuged at 50 g for 5
min and incubated at 40 for at least I hr. All FCS used
in T-cell purification had been absorbed with equal
volumes of packed SRBC for 1 hr at 4°. Rosette
forming (E-RFC) and non-rosette forming cells (non-
E-RFC) were separated by buoyant density centrifu-
gation using Sephalymph and the AET-SRBC were
lysed with 0-8% ammonium chloride in Tris buffer pH
7 6 at room temperature for 5 min. The E-RFC and
non-E-RFC were washed in RPMI/10% FCS and
resuspended in the same medium at appropriate
concentrations.

Unfractionated MNC and E-RFC (T cells) were
used as responder cells. Monocyte contamination of
the T-cell preparation was less than 0.5% as assessed
by non-specific esterase staining (Li, Lam & Yam,
1973), and B-cell contamination, determined by fluor-
escence analysis of surface immunoglobulin was less
than I1%.

Cell lines
Balm-l, Cess B, U937, K562 and HL-60 were kindly
provided by Dr David Jose, The Cancer Institute,
Melbourne, RC2a was provided by Dr Ray Bradley,
The Cancer Institute Melbourne, and HSB-2, JM and
Molt-4 were kindly supplied by Dr H. Zola, Flinders
Medical Centre, Adelaide. The HL-60 subline arose in
our laboratory after treatment of HL-60 with ampho-
tericin B, and has been maintained as a vigorously
growing undifferentiated cell type for over 18 months.
Unlike the parent HL-60 line, it cannot be induced to
differentiate using DMSO (unpublished data).

Preparation ofstimulator cells
Human leukaemic and lymphoblastoid cell lines were
maintained in continuous suspension culture in
RPMI/10% FCS. Cells to be used in MLR were
harvested during the logarithmic phase of growth,
washed in RPM 1/10% FCS, and incubated for 1 hr at
370 with 20 gg of Mitomycin C (Sigma Chemical
Company, St Louis, U.S.A.) per 2 x 106 cells in 1 ml of
RPM1/10% FCS. The cells were washed in
RPM1/10% FCS and resuspended to the appropriate
concentration for the MLR.
Non-E-RFC, prepared from non-adherent MNC

were treated for I hr at 370 with mitomycin C, as
above, washed in RPMI/10% FCS and resuspended to
the appropriate concentrations for the assay. This was
a mixed population of cells and, depending on the
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donor, contained greater than 50% B cells, varying
numbers of null cells and monocytes and less than 500
T cells.

Preparation of accessory cells
Adherent cells were prepared by overnight incubation
of MNC at 5 x 106 cells/ml in RPMI/10% FCS in
humidified 7 5% CO2, 7 5% 02 in N2. The non-adher-
ent cells were removed by gentle washing and the
adherent cells were removed by vigorous pipetting.
The adherent cells were treated with mitomycin C as
above, and were greater than 95% monocytes as
determined by morphological criteria, non-specific
esterase staining, and peanut agglutinin binding
(O'Keefe & Ashman, 1982).
Non-E-RFC were depleted of any remaining adher-

ent cells by repeated incubations in plastic petri dishes,
until the level of monocytes was less than 1%. When
tested for accessory cell function this population of
cells contained B cells and Null cells, in varying
proportions depending on the donor.

Preparation ofsupernatants
Culture supernatants from cell lines in logarithmic
phase of growth were harvested and tested for the
influence on MLR. In addition mitomycin C-treated
K562 and Molt-4 cells were each incubated overnight
with adherent cells at 370 in humidified 7.5% CO2,
7.5% 02 in N2 and the supernatants collected for
testing in MLR.

Mixed lymphocyte reaction
Triplicate cultures of 2 x i05 responder cells with
2 x 103 to 2 x 105 stimulator cells in 0-2 ml of
RPM1/10% FCS were incubated at 37° in humidified
7.5% CO2, 7.5%0 2 in N2 for 6 days. The cultures were
pulsed with 1 pCi per well of tritiated thymidine
(Amersham) 18 hr before harvesting (Titertek cell
harvester). The filter discs were placed in 2 ml ACS-1I
(Amersham) and counted using a Beckman LS 7500
scintillation counter. Variations to this procedure
included addition of 1 ug/ml Indomethacin [Merck
Sharp and Dohme (Australia) Pty Ltd] to the medium,
addition of accessory cells, and addition of culture
supernatants. The tritiated thymidine incorporation
was calculated as the arithmetic mean of triplicate
counts per minute + the standard deviation. The stan-
dard deviation was less than 10% and is not included in
some figures.

HLA-DR testing
All cell lines were tested for HLA-DR specificities by
the Tissue Typing laboratory of the Red Cross Blood
Transfusion Service in Adelaide. Cells were tested in
the standard microcytotoxicity assay against a panel
of alloantisera from multiparous females. The results
confirmed those already reported for some cell lines
(Boss, Delia, Robinson & Greaves, 1980; Gahmberg,
Andersson & Nilsson, 1980; Minowada, Janossy,
Greaves, Tsubota, Srivastava, Morikawa & Tatsumi,
1978; Koeffier, Billing, Sparkes, & Golde, 1980;
Lozzio & Lozzio, 1979).

RESULTS

The cell lines investigated and some relevant charac-
teristics are shown in Table 1. Cell lines were tested for
mycoplasma contamination using three methods;
direct culture, DNA staining by H stain, and inhibi-
tion of tritiated thymidine incorporation by phytohae-
magglutinin-stimulated human lymphocytes (Dent,
Cleland & Liao, 1980). All cell lines were mycoplasma
free. The B-lymphoblastoid cell line Cess B, is autolo-
gous to the myelomonocytic cell line RC2a. All cell
lines were tested as stimulator cells in MLR against
purified T responders and MNC from at least two
donors, and in some experiments three or four donors.
In most cases, the MNC and T cells were not paired
samples from the same donor. Each responder popula-
tion was tested for the normal allogeneic response
using non-E-RFC as stimulators, and in all experi-
ments the stimulator cells alone incorporated less than
500 counts per minute (c.p.m.) of tritiated thymidine.
Responder cell populations with unstimulated tri-
tiated thymidine incorporation of greater than 20,000
c.p.m. were considered to be activated cells and were
excluded from these results. T-cell and MNC responses
to the cell lines are shown in Fig. 1. The cells were
tested at responder: stimulator ratios from 1: 1 to
200: 1 against two or more responder populations. The
numbers ofresponder cells were constant at 2 x 105 per
well and the stimulator cell numbers varied from
2 x 105 per well to 2 x 103 per well in most cases, but to
1 X 103 per well with some cell lines. The cell lines fall
into three groups as stimulator cells.
Group 1 cell lines stimulated allogeneic responder T

cells and MNC. This group included RC2a, Cess B,
Balm-i and U937, which are HLA-DR positive and
HSB2, an HLA-DR negative T-cell line. The maxi-
mum tritiated thymidine incorporation for Balm-i,
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Table 1. Some relevant characteristics of cell lines investigated as stimulator cells in allogeneic MLR

Cell Main HLA
line Origin cell type E-RFC HTLA A,B,C HLA-DR

MOLT-4 T-ALL T cell + + +
HSB-2 Childhood T-ALL T cell - + +
JM T-ALL T cell + + +
HL-60 Promyelocytic leukaemia Promyelocyte - - +
HL-60 Spontaneous, Blast cell - - - -
Subline After amphotericin B treatment
RC2a AMML Monocyte - - + +
Cess B B-lymphoblastoid from AMML B cell - - + +
BALM-1 B-ALL B cell - - + +
U937 Histiocytic lymphoma MO type - - + +
K562 CML-blast crisis Myeloid blast - - -(+) -
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RC2a and Cess B was often higher than that for the
allogeneic non-E-RFC, while U937 and HSB2 exhi-
bited a stimulating capacity similar to the non-E-RFC.
Group 2 cell lines, K562 and Molt-4, failed to

stimulate T cells, but stimulated unfractionated MNC.
Both cell lines are HLA-DR negative. The MNC
response to K562 was restricted at high stimulator cell
densities (from 2 x 105 to 5 x 104 cells per well) by
metabolic requirements and a drop in pH, since
addition of fresh medium to the culture on day 4,
slightly enhanced the response at these cell densities.
The response ofMNC to Molt-4 was not changed by
addition of fresh medium on day 4 (data not shown).
Group 3 cell lines, JM, HL-60 and HL-60 subline

failed to stimulate MNC or T cells. While JM and
HL-60 subline failed to stimulate at any responder: sti-
mulator ratio tested, HL-60 exhibited a low stimulat-
ing capacity at ratios from 20: 1 to 1: 1, and was clearly
different from the other cell lines in this group. It is
included in this group, however, since it failed to
stimulate T cells or MNC to the same level as the
normal allogeneic non-E-RFC. Group 3 cell lines also
failed to stimulate when assayed for varying times, up
to 10 days (data not shown). Culture supernatants
from logarithmic phase cell lines were found to have
no effect on the unstimulated responder populations,
or on the normal allogeneic response to non-E-RFC.

Figure 2 demonstrates the effect of adding increas-
ing numbers of autologous mitomycin-C-treated
adherent cells on the T-cell response to Molt-4. The
adherent cells enhanced the T-cell response at low cell
numbers, but as the numbers of adherent cells were
increased, the response was reduced to a level below
that of unstimulated T cells. Since prostaglandin E2
production by monocytes has been reported to affect
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Figure 2. Effect of adding increasing numbers of autologous
adherent cells to 1 x 105 unstimulated T cells (0), and to
1 x 105 T cells stimulated with 1 x 105 Molt-4 cells (-).

T-cell responses (Baker, Fahey & Munck, 1981) the
MLR was repeated using 1 Mg/ml indomethacin in the
medium. Figure 3 demonstrates the effect of indo-
methacin on T-cell responses to K562 and Molt-4 in
the presence and absence of adherent cells. The
response of T cells in the presence of indomethacin
and adherent cells was almost to the same level as the
response of unfractionated MNC to K562 and Molt-4
(Fig. 3). These responses are dependent on cell number
ratios, and the suboptimal responder: stimulator ratio
of 4: 1 was chosen for the experiments shown in Fig. 3,

40 - Responder Responder 2

30

20-

10 -(b

2030 (b)

o 20

10

20

30- C

320AI

ID0

Figure 3. Effect of 1 pg/ml indomethacin on T-cell responses
of two responders to K562 and Molt-4 in the presence and
absence of autologous adherent cells. (a-d) (0) 1 x 105~T
cells; (U) lx1i05 T cells+25xliO4 K562; (U) lx105~T
cells +2-5 x 104~Molt-4. (a) No indomethacin, no adherent
cells; (b) +1 pg/ml indomethacin; (c) +25 x 104 adherent
cells; (d) + 1 Hig/ml indomethacin +2 5 x 104 adherent cells;
(e) response of MNC from the same two responders in the
presence of 1 Ig/ml indomethacin. (U) 1 x 10 MNC; (U)
lx 0MNC+25 l 5 x 104K562; (U) l x 105MNC+25x10

Molt-4.
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based on the expected response for unfractionated
MNC at that ratio. Further experiments using differ-
ent responder:stimulator ratios, in the presence and
absence of adherent cells showed that enhanced
responses to K562 could be obtained at higher respon-
der: stimulator ratios (Fig. 4).

Addition of autologous non-adherent, non-E-RFC
to T cells had a similar effect on the responses to K562
and Molt-4. Figure 5 demonstrates that equivalent
numbers of autologous adherent cells, or autologous
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Figure 4. Effect of changing responder: stimulator cell ratios
when 1 x 105 T cells are stimulated by K562 in the presence of
2-5 x 104 autologous adherent cells and 1 pg/ml Indometha-
cin.
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Figure 5. Effect of adding autologous adherent cells (a) or
autologous non-adherent non-E-RFC (b) on the T-cell
responses to K562 and Molt-4. Indomethacin was not used
in this experiment. (0) 1 x 105 T cells; (-) I x 105 T
cells+ 2 5 x 104 K562; (U) I x 105 T cells+5 x 104 Molt-4.

non-adherent, non-E-RFC, enhanced the T-cell re-
sponses of two different donors to K562 and Molt-4.

Supernatants from overnight culture of adherent
cells with K562 or Molt-4 had no effect on the
autologous T-cell responses to these cell lines. A
similar result was obtained using supernatants of
non-adherent, non-E-RFC incubated overnight with
K562 or Molt-4.

DISCUSSION

The classical MLR between allogeneic blood lympho-
cytes has been attributed to differences between
responder and stimulator cells for the products of the
HLA-DR locus. There is, however, increasing evi-
dence that although the expression of the serologically
defined DR determinants and the lymphocyte-defined
D determinants (lymphocyte-activating determinants,
LADs) is closely correlated, the two are not identical
(Termijtelen & van Rood, 1981; van Heyningen,
Cohen, Deane, Gray & Steel, 1981). The results of this
study support such evidence.
Although most of the cell lines investigated in this

study have been tested as stimulating cells in MLR by
previous workers, the results are not uniform, and in
many cases the cells were only tested at a few
responder:stimulator ratios. Of particular interest is
the stimulating capacity of the T-cell lines HSB2.and
Molt-4. Both these lines have been investigated by
many authors (Minowada et al., 1978; Royston, Graze
& Pitts, 1974; van Heyningenet al., 1981) and found to
be non-stimulatory for unfractionated MNC at res-
ponder: stimulatory ratios from 20: 1 to 1:2. Similar
results were obtained in this study at ratios from 1: 1 to
4: 1 when MNC were used as responders; however, a
proliferative response was obvious at 10: 1 and peaked
at 100: 1 for both HSB2 and Molt-4. The finding that
these two HLA-DR negative cell lines stimulate in
MLR supports the view that LADs are separate from
the HLA-DR determinants.
The myeloid blast cell line K562 (Lozzio & Lozzio

1979) has been reported to be weakly stimulatory (van
Heyningten et al., 1981) and highly stimulatory (Han,
Dadey & Minowada, 1977) for MNC responders. This
disparity may be explained by the different techniques
employed, and the variations in cell ratios. Our results
demonstrate the importance of responder: stimulator
ratios, since K562 is non-stimulatory at 4: 1 and highly
stimulatory at 100:1. In addition, K562 has high
glucose and other metabolic requirements, and at high
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cell densities (5 x 104-2 x 105 per well) quickly depletes
the medium of nutrients, and lowers the pH. K562 is
also a fairly large cell (from 7 to 55 p diameter, and
30% ofcells greater than 20 p (Lozzio & Lozzio, 1975))
when compared with other cells investigated, and this
may have some steric effect on lymphocyte activation.
Despite a considerable degree of fl2-microglobulin
synthesis and secretion, K562 does not express HLA
antigens (Klein, Zeuthen, Eriksson, Terasaki, Ber-
noco, Rosen, Masucci, Povey & Ber, 1980) when
tested using standard techniques. However, a recent
report has shown that low levels of HLA heavy and
light chains can be detected on the surface of K562
cells using monoclonal reagents (Ziegler, Laudien,
Heinrichs, Muller, Uchanska-Ziegler & Wernet,
1981). K562 is also reported to be HLA-DR negative,
by standard techniques and radioimmunoassay (Loz-
zio & Lozzio, 1979).
The disparity in stimulation by K562 and Molt-4

when different responder populations are used, raises
several questions about the mechanisms involved in
MLR. Despite the prevalence ofreports describing the
requirement for adherent cells or monocytes in MLR
(Huber et al., 1981; Lemke & Opitz, 1976) clearly a
strong response can occur in the absence of significant
numbers of monocytes (Gottlieb et al., 1979; Geier &
Cresswell, 1980). The purified T-cell responses to
Balm- 1, a B-cell line, in the absence ofmonocytes were
similar to the responses of unfractionated MNCs. The
responses to K562 and Molt-4 however, clearly show
some requirement for an accessory cell. Our results
indicate that either autologous adherent cells, or
non-adherent, non-E-RFC can function as accessory
cells in this response. Manipulation of the cells may be
the reason why responses of T cells to Molt-4 and
K562 in the presence ofaccessory cells were not as high
as the unfractionated MNC response. The finding that
non-adherent, non-E-RFC as well as adherent cells
can function as accessory cells was surprising. This
was not due to contamination of the non-adherent
population with monocytes, but we cannot exclude the
possibility that both adherent and non-adherent,
non-E-RFC contain small numbers of dendritic cells
which are responsible for the accessory function
(Steinman & Nussenzweig, 1980). There are, however,
no reports of dendritic cells in human peripheral
blood, at this stage. [Note added in proof: human
dendritic cells have now been purified from peripheral
blood (Van Voorhis, Hair, Steinman & Kaplan,
1982).]

Activation of T cells by allogeneic cells in MLR is

thought to be a two signal process, requiring antigen
as signal 1 and a second non-antigen-specific signal
which can be either Interleukin 1 or Interleukin 2
(IL- l, IL-2). Thus cells are classified as 'stimulators' or
'non-stimulators' in allogeneic MLR, depending on
whether or not they can provide this second signal (for
example, see Lafferty, Andrus & Prowse, 1980). In this
context some cell lines appear to be capable of
providing the second signal, for example, the myelo-
monocytic cell line RC2a, and the macrophage-like
line, U937, which might be expected to be capable of
producing IL-1. HSB2 is a T-cell line, and might
produce IL-2 under some circumstances, although it
does not do so constitutively, or in response to
mitogens (Gootenberg et al., 1981). The B-cell lines
which stimulate in the absence of accessory cells,
Balm-I and Cess B, are not known to produce IL-I or
IL-2, however purified normal B cells have been shown
to be stimulatory in allogeneic MLR (Gottlieb et al.,
1979). The presence of Epstein-Barr Virus may also
have some influence on stimulatory capacity ofCess B.

In the case of the 'conditional stimulators', Molt-4
and K562, it is necessary to postulate that lymphokine
is produced only in the presence of accessory cells.
Figure 6 shows three possible mechanisms by which
this might occur.

(a) Soluble antigen from K562 or Molt-4 is being
presented on the accessory cell to the T cells, i.e.
indirect presentation. Although monocytes have been
described as accessory cells for antigen presentation
(Huber et al., 1981) non-adherent, non-E-RFC have
not been reported to act as accessory cells in the
human system. However a recent report suggests B
tumour cells may be capable ofantigen presentation in
the murine system (McKean, Infante, Nilson, Kimoto,
Fathman, Walker & Warner, 1981).

(b) The autologous MLR of T cells responding to
accessory cells (Weksler, & Kozak, 1977) is providing
the second signal for the response to K562 and Molt-4.

(c) The third possible explanation is that K562 and
Molt-4 carry the necessary receptor (the nature of
which is at present unknown) to trigger IL-I produc-
tion by allogeneic accessory cells, and this can act as
signal 2 for the T cell/Molt-4 or T cell/K562 inter-
action.

Further studies are in progress in order to determine
whether any of these models are applicable. Of
obvious importance, but not included in this study is
the cell type of responder T cells. Cytotoxicity studies
using various cell lines for priming and as targets, and
use of OKT sera for cell typing (Reinherz, Kung,
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Figure 6. Possible mechanisms ofaction involved in the T-cell
response to K562 and/or Molt-4 in the presence of accessory
cells. (a) Indirect presentation of antigen; (b) signal 2
produced by T cell/accessory cell autologous MLR; (c) signal
2 produced by cell line/accessory cell allogeneic interaction.

Goldstein & Schlossman, 1979) would be the next step
in clarifying this area.

It seems therefore that human leukaemic cell lines
display a wide range in stimulatory capacity, and that
no clear cut definition of 'stimulator' or 'non-stimula-
tor' can be applied to cells without some study of
mechanisms involved in lymphocyte activation. The
widely held assumption that T-cell lines do not
stimulate in MLR has been the result of failure to
critically evaluate original studies, and acceptance of
the concept that HLA-DR antigens and LADs are
identical. Similarly the view that accessory cells are an
absolute requirement for lymphocyte activation fails
to account for the many reports of activation without

accessory cells. The results of this study may shed light
on the lack of stimulatory capacity of patient leukae-
mic cells, and have clinical application in the areas of
immune response manipulation and enhancement in
leukaemia and tumour patients.
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