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overnight incubation and "active" rosettes aftcr only 1 to
2 hours (Wybran et al., 1973). Lymphocyte suspensions and
sheep erythrocytes in the proportion of 1 : 100 are lightly
centrifuged to a pellet and incubated at 4°c. The resultant
extremely fragile rosettes are either examined directly,
stabilised with 0.4% gluteraldehyde, stained in fixed films
or putthrough a density gradient (Wybran et al., 1973). The
effects of enhancement of the test are as empirical as the
phenomenon itself; Papain (Wilson et al., 1975) and 2 amino-
ethyl-isothiourium bromide (AEB) (Pellegrino et al., 1975)
are reputed to increase test sensitivity. Neuraminidase
(Weiner et al., 1973), and fetal calf serum overcome fragility
in the formed rosettes, thus ensuring more reproducible results.
Some normal sera (Pellegrino et al., 1975), cyanide radicle
ond sodium azide (Kiszkiss et al., 1973) inhibit the reaction.
E rosette {ormation is not dependent on complement (Wortis
et al., 1973). Using sheep red cells as the indicator system,
human peripheral blood lymphocytes show 47% - 82% E rosctte-
forming cells (Jondal et al., 1972). Rat, monkey and haboon
red cells give a much reduced rosetting effect (Brain et al.,
1970) . Human and ox erythrocytes do not work at all (Coombs
et al., 1970). Recent developments using Protein A of

Staphylococcus aureus cell envelope as an indicator system

offers a more sensitive technique for investigating and app-

lying the rosette phenomenon.

8.2 EA Rosettes (Opsonic adherence)

As observed earlier, some popvlations of mononuclear cells

have a membrane receptor for the Fc¢ portion of the IgG molecule.
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Demonstration of such receptors,however,depends very much
on technical methodology and the state of the immunoglobulin
molecule. Although the Fc portion of classespecific heavy
chains of immunoglobulin do not actually take part in antigen
complexing, it is believed that structural changes are subseq=
uent to the reaction (Roitt, 1972). Heat aggregation of the
molecule must induce similar changes, as the Fc receptor of
mononuclear cells does not appear to function against unaltered
IgG. Whereas heat aggregated IgG is detected by both B cells
and macrophages, IgG altered by antigen is only accepted by
macrophages in vitro (Hansen and Good, 1974), in a position
corresponding to that for cytophilic antibody. Such Fc receptor
sites were elegantly demonstrated by isotope labelled antigen=-
antibody complexes by Basten et al., (1972), b 't the method of
Huber et al., (l969) has been accepted into more general u.‘e
(Shevach et _al., 1974; Frgland and Natvig, 1973; Tdnder et ...
1975). Sheep or ox erythrocytes are sensitised with heterol-
ogous specific antibody of IgG class (Hallberg et al., 1973;
Ross et al., 1973), and thereafter applied to cell suspensions
or fresh frozen sections. Opsonification by macrophages gives
adherence in rosette formation of the indicator red cells.
Exposure of substrate cells to EA suspensions for 30 minutes
at room temperature or 37°%¢ appears adequate for sturdy rosette
formation revealing 10-26% rosette forming cells in peripheral
blood lymphocyte suspensions (IUIS Report, 1975). There are no
receptors for the IgM Fc portion on human lymphocytes so IgM
EA ~.gents offer a valuable control in the EA testing system

(Jaffe et al., 1974).
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8.3 EAC Rosettes (Complement recentors)

This most widely used lymphocyte marker technique revealing
complement receptors on the surface of B cells and macrophages
has been most thoroughly investigated since its significance
was first reported by Bianco et al. in 1970. The method,
applied to cell suspensions, monolayers and sections is relat-
ively simple, involving adherence of sensitised indicator
cells in rosettes on target lymphocytes (Dukor et al., 1970;
Chused et al., 1974)
Indicator System.
Although ox red cells are most successful, sheep cells have
been most extensively used (Bianco et al., 1970). Human
and monkey erythrocytes have their own surface receptors
for complement and are not reco~mended (IUIS Workshop 1974).
Guinea pig cells, by virtue of their large size have been
applied very ingeniously with sheep EA reagent at the same
time (Shevach et al., 1974). Gelfand et _al. (1975) reports
the use of fluorescent bacteria as indicater cells in a more
sensitive technique. The red cells may be stored in glucosec=-
citrate for approximately one week,but prepared as a washed
5% suspension for use. However, blood from individual animals
may vary in susceptibility to sensitising antibodies.
Antibody.
Specific antisera are required to sensitise or coat the
indicator cell system as an intermediary for complement binding.
These may be specifically prepared in rabbits or goats by
immunising with red cells or their stroma (Mayer, 1961), or

they may be obtained from other sources such as incomplete

anti-Rhesus (D) or anti-Forssman antibodies (Mendes et al., 1974).
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The sera should be suljected to DEAE cellulose chromatography
to obtain the 19s IgM fraction.

Complement.
The role of complement in aant. body=-antigen reactions is extr-
eme.y complex,but fortunately only the early stages of the
activated complement cascade are involved in the immune adher-
ence phenomenon of EAC rosettes (Roitt, 1972). The structural
changes in the immunoglobulin molecular chains in the Fc
portion after antigen attachment activates the complement
sequence. This is strong in IgM but weak in IgG, and proceeds
in the sequence of coc versions of C1 to C4 to C2. Comp lement
factor C2 activates C3 to form cleavage products C3a and C3b
(Ross et al., 1973). Activated C3 is the main target of mono-
nuclear cell surface receptors, although work with artificial
or naturally occuring complement-deficient sera indicates that
factors Cl' C4 and CS may have specific membrane receptors
(Seligman et _al., 1975). Many sources of complement have been
tried in the EAC system with the guinea pig and mouse serum
being most widely used (Bianco et al., 1970). Human serum of
blood group AB possesses very strong haemolytic properties.
Rabbit serum is not used as it seems to show, on occasions,
anti-lymphocytic activity (Pellegrino et al., 1975). Sera
should be collected and frozen as quickly as possible to pres-
erve labile complement components and absorbed with target
erythrocytes before use to remove naturally occurring anti-
bodies that may interfere (WHO/IARC Workshop, 1974).
EAC Reagent

Erythrocyte suspension is exposed to antibody for an hour at

37°C to form an EA reagent. This is further treated with
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-
dilution of complement for another hour to yield an EAC
suspension of red cells with surfacce bound complement. At
the inception of the test, and at any point when rcagents are
changed, the optimum sub-~agglutinating and sub-haemolytic
dilutions of antiserum and complement .nay be assessed by a
checkerboard titration, performed under the general conditions
of reagent preparation.
EAC Rosette Techniques

Lymphocytes and EAC reagent are mixed in the proportions of
between 1:50 and 1:100 for incubation at 37°C as a centrifuged
pellet. After resuspension the preparation is examined for
rosettes of more that 3 red cells to a lymphocyt. although they
can be further processed as outlined for E rosettes. Tissue
sections are treated in a similar manner foliowed by fixation
and staining with haematoxylin and eosin (Silviera et al., 1972;
Dukor et al., 1970) or amido klack (Allison et al., 1976). E
rosettes do rot form at 37°C and do not form on frozen
sections,so do not interfere in the test (Mendes et al., 1974),
although EA roseties may be a complication if the sensitising
antibody was not pure IgM. The addition of EDTA to the indic-
ator system inhibits EAC adherence to macrophages in the
mouse (Dukor et al., 1970), but this has been shown not to be
successful in human cell systems (Lay et al., 1971). EDTA may
prevent erythrocyte clumping if sheep cells are being used
(Ross et al., 1973). EAC rosettes detect B cells in peripheral

blood lymphocytes between 10% and 19% (WHO Workshop, 1974).

9 CELLULAR ENZYMES (Non specific Esterase)

Meuller (in press) reports that ¥ cells exhibit non=-specifia
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esterase activity as a differential characteristic from B cells
which do not. They propose that the criterion may be of value
in lymphocyte sub-typing of cell suspensions and sections of
lymph node. A most comprchensive, earlier paper by Lam and Y=am
(1973) repoirts that the property is by no means unique to
T cells; a variety of substrates at two pH values were tested
against human leukocytes which all showed some level of ester-
ase activity so it would appear that the technique would have
applications only in testing purified lymphocyte suspensions.
Dried, fixed films are exposed to a buffered substrate of
¢¢-naphthyl acetate with simultaneous coupling with c2ither
hexazonium pararosanalin or one of the stabilised diazonium
compounds. T cells show submarginal granules indicating sites

of enzyme activity.

10 ANTI-LYMPHOCYTE ANTIBODIES.

For over a decade the immunosuppressive effects of antisera
prepared against lymphocytes have been uvwtilised in both clin-
ical and research medicine. As it happens, tLhese reagents

were usually prepared from peripheral blood lymphocytes with

a predominance of T cells. The result in many cases was a crude
anti=-T cell antiserum exercising its greatest effect on the
ceilular immune response in graft or transplant rejection

and cancer therapy. It is surprising,therefore,that there have
heen s» few reports of the use of specific anti-immunocyte
sera in human E and T cell differentiation. There have
been a nunpcr of reports of successful preparation of anti-T
cell sera (Martin and Miller, 1968; Toben and Cooper, 1972;

Chin et al., 1973; Aisenberg et al., 1973; Wortis et al., 1973;
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Touraine et _al., 1973; Goodfellow et _al., 1976, and Brochier
ct al., 1976). It is of interest that in contrast, there are
s, few reports of anti-B cell sera. Williams et al., (1973)
adnit failure to produce a successful reagent, but Greaves
and Brown (1973) report an antiserum with cytotoxic activity
against B cells and another against CLL cells later in 1975.
Many authors have reported incidental ucsc of such sera in
control of specificity of functional tests such as E and EAC
roscttes (Wortiss et al., 1973), or as reagents for small
animal research where cytotoxicity has been of major interest
(Martin and Miller, 1968). Such techniques measured by 51Cr
release from cells killed from a labelled population, or by
trypan blue exclusion of dead cells have been extensively
used as a check on antibody specificity (Iverson, 1970), on
cell identification in susnensions (Aiuti and Wigzell, 1973;
Smith et al., 1973), or in histocompatibility testing (Takahashi,
1970). Rolland et al . (1971) first introduced T and B cell
identification by specific antisera in the indirect fluorescent
antibody test, but confined their work to cell suspensions,
so0 it was not until very recently that antisera have been dir-
ectly conjugated with fluorochromes for nse in immunocyte diff-
erentiation or tissue localisation (Goldschneider and Mcgregor,
1973; Husby et al., 1975).

The preparation of conjugated antisera involves a diversity
of technical procedures starting with the need for a pure
antigen for inoculation into rabbits or other suitable host
such as goats or horses. After a suitable immunising course the
resultant sera must be fractionated to recover the immunoglob-

ulins which are examined for titre and specificity by :n vitro
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tests. Any anomalies are corrected by absorption procedures
before or after conjugation with fluorochromes, isotopes or
horse radish peroxidase. I'inally the product must be exhaustiv=-
ely tested against control material before acceptance for use.
Tne results in most cases justify the means as such antiscra
have been shown to be particularly suitable for tissue local-
isation ¢i mononuclear cells participating in the immune res-
ponse.

The techniques outlined above have been standard proced-
ures for preparation of most immunofluorescent reagents (Nairn
1969), so only those problems pertinent to anti:T and B cell
sera will be discussed.

Most authors have used either thymcocytes from fresh fetal
thymus as T cell antigen or - peripheral blood lymphocytes from
patients with chronic lymphatic .leukaemia as a source of B
cells. Although it is recognised that the preparations do not
represent complete antigenic homogeneity with normal lymphocytes
(Albin and Morris, 1973) the latter have not been widely used
because of difficulties in specificity and supply. Mouse and
dog brain have been suggested as a source of T ~ell antigen
(CGreaves and Brown, 1974), but there would aprc . to be some
controversy over the efficacy of human brain for this procedure
(Kongshavn, et al., 1974).

There have been various immunisation schedules used for
antibody production. The most popular is the "two pulse" tech-
nigue of Levey and Medawar, (1966), with two intravenous Jdoses
of live lymphocytes two weeks apart. The animals were bled
at the peak of antibody production on the 21st day after the

initial dose. The part played by adjuvants and the duration of

T
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immunisation are of some importance as there are five factors
to be considered in planning antiscrum production (Gozzo er. a..,
1971). Clinical immunosuppression, rosette inhibition and spec-
ificity are enhanced by adjuvants and by short dose scheduler
Antibody titie and cytotoxicity on the ocher hand are increased
by repeated doses of antigen over longer periods. The two
pulse method offers a happy compromise.

All sera must be absorbed with at least human red cells
of the group A3 Rh. (D) positive to remove some histo-compatibi-
litv antibodies. T_ssue homogenates, usually liver, remove non-
specific connective tissue antibodies. Antibody to complemen-
tary lymphocytes (T or D cells) which may have contaminated
the immunising antigens are removed by absorption with 1live
lymphocytes (Goldschneider and McGregor, 1973 ; Tourame et al.,
1974) . Some workers have used macrophages, bone marrow sus;en-
sions and glutaraldehyde-insolubilised serum proteins, b”t in
practice these refinements may not be necessary.

To visualize antibody-antigen sites, antisera may be conjug-
ated with a variety of agents, although the choice really dep-
ends on availability of equipment. Horse radish peroxidase is
conjugated with relative case and visualised with benzidine
histochemical techniques for conventional 1light microscopc
examination of permanent preparations (Avrameas 1970). Fluores-
cent dyes such as fluorescein isothiocyanate (FITC), lissamine
rhodamine B (Ra 200) or dimethylamino naphthalcne-5-sulphonic
acid (DANS) may be used for labelling antiglobulin (Nairn, 1969),
although ultra-violet light microscopy is a necesaity and
permanent preparations are not possible. Radio-isotopes have

also been used as antibody 1labels in this context, the teenr.-
























