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PREFACE

The scope of the Serono Symposium held in Milan, Italy, in April 1981, which
originated this book, was to stress the interest in identifying reliable and
reproducible test systems for early diagnosis and monitoring of tumours of
clinical and epidemiological relevance in terms of incidence, severity and
curability.

This book is intended to be not an all purpose review of the state of the art,
but a selection of lectures and discussions specifically aimed at focalizing the
marker problems in their function of early diagnostic and monitoring tools in
tumours amenable to a therapeutic approach, i.e. breast, GI tract, lung,
urogenital and blood tumours. Methods already described and relevant data are
analysed in depth, as well as original approaches opening new lines of development
in terms either of methodology or philosophy of research. In addition, basic
technical and operational aspects of established or prospective test systems
together with their practical implications are considered by renowned experts.

A relevant feature of the book is that a large part is devoted to discussion.
Distinguished scientists, selected on the basis of their outstanding clinical or
laboratory experience critically discuss the data presented by the lecturers with
the aim of reaching a valid conclusion even from the point of view of clinical
practice.

We would like to thank all the speakers of the Symposium who made it possible
to realize successfully the programme as planned and who rapidly contributed to
this book which, therefore, constitutes an up-to-date documentation in the field
of tumour marker application.

We are also very grateful to the Serono Symposia for sponsoring this meeting
and in particular to Dr S Rossetti and his staff.

April 1981 M. 1. COLNAGHI
G. L. BURAGGI
M. GHIONE
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SURFACE MARKERS OF HUMAN LYMPHOCYTES:
PHENOTYPIC ANALYSIS OF FUNCTIONALLY DEFINED
T CELL SUBPOPULATIONS OR T CELL CLONES*

L. Moretta, G. Corte, A. Moretta, M. C. Mingari and A. Bargellesi

Ludwig Institute for Cancer Research, Lausanne Branch, Epalinges,
Switzerland and Institutes of Biochemistry and Microbiology,
University of Genoa, Genoa, Italy

Studies of cell surface markers and their ability to define subpopulations of
lymphoid cells has been an area of most intensive investigation in human
immunology.

This type of research has been further stimulated by the concept that lym-
phocyte surface markers may be directly involved in functional cell activities
and/or interactions among cells. For example, surface immunoglobulin, the
principal marker of mature B cells, is directly involved in the antigen induced
B cell activation.

With respect to human T cell surface markers, they can be operationally
divided into three different groups. (1) Those which define the whole T cell
population, such as the receptor for sheep erythrocytes, heteroantisera rendered
T specific after serial absorptions with different cell types, and, recently, mono-
clonal antibodies reported to bind to antigenic determinants uniquely expressed
by T cells (Haynes et al., 1980a; Moretta et al., 1981d). (2) Those which are
present only on a fraction of T cells, such as antigenic determinants recognized
by the TH, or TH, heteroantisera (Evans et al., 1977, 1978) or by monoclonal

* Partially supported by grants nos 99/78.02850.96 and 54/80.01525.96 awarded by CNR
(PFCCN).

Serono Symposwum No. 46, Markers for Diagnosis and Monitoring of Human Cancer, edited
by M. 1. Colnaghi, G. L. Buraggi and M. Ghione, 1982. Academic Press, London and New
York.
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antibodies, such as the OKT4, OKTs (Reinherz and Schlossman, 1980), 3A1
(Haynes et al., 1980a), 5/9 (Corte et al., 1982), receptors for the FC fragment of
different immunoglobulin isotypes (Moretta et al., 1976, 1977), receptors for
lectins (Hammastrom et al., 1973) and histamine (Saxon et al., 1977). (3) A

third group is represented by surface markers expressed only on activated T cells;
among these are la antigens and a group of antigenic determinants recognized by
monoclonal antibodies such as the 4F2 (Eisenbarth et al., 1980) and the MLR 1-4
(Corte et al., 1981).

Most of the presently familiar surface markers do not appear to be directly
involved in T cell functions. An important exception is the surface FcR for IgG
which is known to be involved in effector functions, such as the antibody
dependent cellular cytotoxicity (ADCC) (Perlmann et al., 1976; Perlmann and
Cerottini, 1979) and in regulatory functions such as the inhibition of T or B cell
proliferation in certain in vitro systems (Moretta ez al., 1977, 1979; Canonica
et al., 1980). FcR for all the different isotypes have been described, however FcR
for IgG and IgM have been studied in greater detail. These receptors are virtually
absent in thymocytes, whereas they are expressed on distinct sets of peripheral
T cells. In addition, Fcy R are detectable in a large fraction of activated T cells,
especially after allogenic stimulation (Moretta ez al., 1981a.b).

Recent studies in several laboratories have focused on various activities dis-
played by isolated T cells bearing FcyR or FcuR (T and Ty cells, respectively).
For example, in the in vitro B cell differentiation induced by pokeweed mitogen
(PWM), a strictly T dependent phenomenon, it has been shown that Tg and Ty
populations play an antithetical role, Ty cells being the helper cells and T the
suppressor cells (Moretta et al., 1977). Cells responsible for natural killer (NK)
activity and ADCC are restricted to the T cell fraction (Pape et al., 1979). Tg
cells sharply inhibit the in vitro lymphoid colony formation (Canonica et al.,
1980). In addition, it has been shown that cells, with the T phenotype isolated
from the bone marrow of patients with severe aplastic anaemia, suppress the in
vitro myeloid colony formation in both autologous or allogeneic combinations
(Bacigalupo et al., 1980).

Taken together, the above functional analyses indicate that dissection of T cells
according to their surface FcR may be useful for restricting some T cell activities
to Tg or Ty populations. For example, it appears that naturally-occurring human
suppressor cells frequently express surface FcyR (Moretta ez al., 1981d). However,
identification of functional T cell subsets simply based on the use of FcR is not
satisfactory. One of the main problems is the fact that only a small proportion of
the cells in a given subset may be involved in the functional activity measured.
Obviously, similar difficulties occur when T cell subpopulations are identified by
other reagents such as monoclonal antibodies. Thus, the function of individual
cells cannot be extrapolated simply by the presence of a given marker.

A more precise correlation between the surface phenotype and a given
functional activity of the cell can be achieved by different experimental approaches,
namely the combined use of different markers and the analysis of markers
present on cloned T cells with defined functional properties.
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COMBINED USE OF DIFFERENT MARKERS

The usefulness of this approach is demonstrated by two examples dealing with
the phenotypical characterization of the T cells responsible for inducing B cell
differentiation (helper T cells) and of the specific cytolytic cells (CTL),
respectively.

Surface Phenotype of Helper T Cells

It has been reported that the T cells able to promote the PWM dependent
B cell differentiation can be defined by their reactivity with a monoclonal anti-
body named OKT, (Reinherz and Schlossman, 1980). As mentioned above
helper cells are also present in the Ty cell fraction. If all of the cells expressing
these different phenotypes are indeed helper cells, this would imply that cells
responsible for inducing B cell differentiation would represent a large fraction of
peripheral T cells, since the antigens defined by OKT, and 3A1 monoclonal anti-
bodies or the FcuR are all expressed in over 60% of E rosetting cells. However,
recent experimental evidence has indicated that helper cells could be further
restricted within a much smaller fraction of peripheral T cells, since all the helper
cells appeared to be present, and highly enriched, in a T cell fraction reacting
with 5/9 monoclonal antibody (Corte et al., 1982; Moretta et al., 1982). This
antibody reacts with only 15-20% of peripheral T cells. In addition, not all of
the 5/9% cells express FcuR* or OKT4* . Therefore, human cells capable of
inducing B cell differentiation can be defined more precisely by the simultaneous
detection of different markers such as FcuR, OKT,4, 3A1, 5/9. It should be noted
that less than 10% of peripheral T cells simultaneously express all of these
markers.

Surface Phenotype of Specific Cytolytic T Cells

As mentioned above, some surface markers are expressed on alloactivated T
cells. Among these markers, Ia antigens and FcyR are important in view of their
direct involvement in certain immune reactions. FcyR are expressed on 10-15%
only of peripheral blood T cells (Moretta et al., 1977), whereas Ia* cells represent
1-5% (Greaves et al., 1979). Both of these markers, however, are expressed on
high proportions of activated T cells (Moretta et al. 1981b; Winchester and Kunkel,
1980). In this context, 4F2 antibody (Eisenbarth et al. 1980) binds to activated
but not to resting cells. FcyR, Ia and 4F2 antigens have been used for studying
the surface phenotype of CTL generated in mixed lymphocyte culture (Moretta
et al., 1981b). Presence or absence of la antigens on alloactivated T cells did not
select for specific CTL. In contrast, fractionation of alloactivated T cells in
accordance to either surface FcyR or 4F2 antigens showed that CTL were restricted
to the FcyR ™ and to the 4F2* cell populations, respectively. FcyR™ and 4F2" cell
fractions are only partially overlapping as purified 4F2* populations included up to
30% FcyR™ cells, and FcyR ™ cells were up to 50% 4F2~ . Further fractionation of
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cells based on the combined use of the two markers showed that CTL activity
was restricted to the 4F2* FcyR™ subset. Such cell population usually accounts
for about 30% of alloactivated T cells (Moretta et al., 1981Db).

ANALYSIS OF SURFACE MARKERS PRESENT IN CLONED T CELLS
WITH DEFINED FUNCTIONS

Another experimental approach leading to a precise correlation between cell
function and surface phenotype is based on the establishment of cloned T cells
with defined functions. T cell clones can be generated under limiting condi-
tions in microculture systems in the presence of “filler” cells and T cell growth
factors (TCGF). TCGF, also referred to as “Interleukin 2”, has been defined
as that material present in culture fluids obtained from lectin, or alloantigen,
stimulated lymphocyte cultures which is required for the continuous prolifera-
tion of cultured T cells (Smith, 1980).

By using these experimental devices, it is now feasible to analyse the pheno-
type of T cell clones previously selected for a given function. We have recently
used this approach for the phenotypical characterization of T cell clones with
different types of cytolytic activities (Moretta et al., 1981e). T cells stimulated
in secondary MLC were cloned under limiting conditions in microculture systems
using TCGF, derived from PHA stimulated human lymphocytes (Moretta et al.,
198ic), and irradiated allogenic cells as filler cells. T cell clones were selected for
their cytotoxic capacity against: (1) PHA activated target cells bearing the stimu-
lating alloantigens (CTL activity) (2) L1210 mouse cells coated with rabbit
antibody (ADCC); (3) K562 human target cells (NK activity). Cells from micro-
cultures with lytic activity restricted to only one of the target cell types used were
expanded in macrowells, employing the culture conditions used for cloning and
analysed for different surface markers including rosette formation with sheep
erythrocytes (E rosettes), receptors for the Fc portion of IgG or IgM (FcyR and
FcuR), and a group of antigens recognized by monoclonal antibodies including
Ia, 4F2, OKT, and OKT, (Table I). All clones were E rosette positive with 73~
94% of the cells in individual clones forming rosettes. In 12 out of 14 cytolytic
clones, FcyR were virtually absent, whereas 30-40% of the cells in two clones
with ADCC activity were FcyR*. The percentage of FcuR" cells in all cytolytic
clones was less than 10% but reached 26 and 50% respectively in two of the non-
cytolytic clones. Flow cytofluorometric analysis showed that all (cytolytic and
non-cytolytic) clones expressed relatively large amounts of Ia antigens. In addition,
virtually 100% of the cells in individual clones were Ia*. Comparable results were
obtained when the clones were analysed for the expression of 4F2 antigen. In
contrast, only four of the cytolytic clones were OKT8*. Among these clones,
three were cytolytic against K562 target cells, whereas only one had CTL activity.
Of the seven OKT8 ™ CTL clones, three were OKT4". The latter antigen was also
expressed in two clones active in ADCC and two (out of four) non-cytolytic
clones. Flow cytofluorometric analysis of individual CTL clones indicated that
virtually 100% of the cells of a clone were positive or negative for OKT4 or OKTs
antigens.

Two clones selected for their high CTL activity were subcloned by limiting
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Table I. Surface markers of human T cell clones with different cytolytic
activities.

Clone Cytolytic SRBC FcyR FcuR Ia 4F2 OKTg OKT,
number activity

1 NK (86)*  89° 1 0 T _e
2 NK (46) 78 0 8 + + — -
3 NK (75) 75 0 10 + + + —
4 NK (80) 84 1 3 +  + + —
5 ADCC (35) 80 42 1 + + - +
6 ADCC (41) 81 29 0 + + — +
7 CTL (39) 93 2 1 + + — +
8 CTL (82) 92 4 3 + + + —
9 CTL (88) 94 0 1 + ND — ND
10 CTL (51) 74 3 10 + + — +
11 CTL (35) 83 0 4 + o+ — —
12 CTL (27) 73 0 8 + + — -
13 CTL (26) 75 0 8 + + — —
14 CTL (60) 94 0 1 + + — +
15 - 93 1 4 +  + — —
16 - 77 0 50 + + — +
17 - 81 1 26 + + — +
18 - 89 2 7 + + — —

Ypercentage of specific lysis at 30:1 lymphocyte/target ratio. bPercentage of rosette form-
ing cells. “Presence or absence of surface antigens was analysed by fluorescence activated cell
sorter.

dilution. All the subclones have been phenotypically and functionally identical
to the parent cell clones suggesting a high degree of phenotypic stability, at least
over the time period (2-3) weeks) needed for their isolation.

The fact that noticeable proportions, but not all, of the cells of the expanded
clones formed E rosettes (or had detectable FcyR), is likely due to limitation of
the techniques used. Alternatively, the possibility exists that cells at different
stages of the cell cycle or with different metabolic activity vary in their expression
of surface receptors. This possibility is supported by the finding that five indivi-
dual subclones derived from the E rosette negative fraction of a putative clonal
isolate were mostly E rosette positive.

It is of interest that FcyR were present in two clones active in ADCC but
without lytic activity against K562 target cells. Conversely, the four clones
reactive against K562 target cells were FcyR™ and devoid of K cell activity.
Thus, although ADCC and NK activity are mediated by the same KcyR" sub-
set in peripheral blood lymphocytes, they can be dissociated in clones derived
from alloreactive MLC populations.

Large amounts of Ia antigens were detected on the surface of all cloned cells
analysed, including those with CTL activity. Studies at the population level gave
conflicting results as to the expression of Ia antigens on human CTL. Reinherz
et al., (1980) reported that CTL activity was restricted to the Ia~ fraction of allo-
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activated T ceils. Earlier studies from our laboratory indicated that Ia* and Ia~
MLC cells exhibited similar levels of specific cytolytic activity. The procedure
used in our studies for deriving expanded clones, including the use of TCGF,
may favour the proliferation of Ia* cells. However, we can conclude that at

least a fraction, if not all, of human CTL express Ia antigens. Previous studies

on MLC T cell populations have shown that CTL activity was restricted to a
FcyR negative subpopulation expressing the 4F2 antigen (Moretta et al., 1981a).
Although clonal analysis confirms that CTL are 4F2", it is evident that this
antigen cannot be used as a specific marker for CTL, as it is also expressed in non-
cytolytic clones. These results are in agreement with our previous studies showing
that CTL activity in MLC T cell populations is restricted to the FcyR™ fraction
of the 4F2" populations.

Reinherz et al. (1980) have recently reported that CTL generated in MLC
express the OKTg*, OKT,~ phenotype. Such phenotype, however, was detec-
table in only one of eight CTL clones analysed. In addition, three of the OKTg™
CTL clones expressed the OKT, antigen. These results clearly indicate that it is
not possible to assign a given function to lymphocytes bearing either the OKT,4
or the OKTjy antigen. Along this line, it is of note that three of four clones with
NK activity were OKTg*, OKT, ", whereas the two clones active in ADCC
expressed the opposite phenotype.
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