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ANTISERA AGAINST la ANTIGENS 

Carol Cowing 

GENERAL INTRODUCTION 

The I region of the murine major histocompatibility com-
plex (MHC) codes for polymorphic cell surface molecules, the 
Ja antigens, which play an important role in cell collabora-
tion in the immune response and in recognition of allogeneic 
cells. The I region has been subdivided into five subregions: 
I-A, I-B, I-J, I-E, and J-C. An extensive series of MHC con-
genic and recombinant mice bred on the C57BL/10 background 
have allowed for the production of alloantisera specific for 
la antigens and which react with gene products of I-A, I-J, 
and I-E from various haplotypes (1). la antigens are ex-
pressed on only a limited number of cell types, including a 
portion of the mononuclear phagocytes. This chapter will de-
scribe two procedures for the detection of la antigens on 
murine mononuclear phagocytes: Indirect immunofluorescence 
amd microcytotoxicity using anti-la alloantisera. Similar 
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methods have been used for the detection of analogous MHC gene 
products in other species (man, guinea pigs, rats) and on other 
cell types. 

II. ENRICHING MONONUCLEAR PHAGOCYTES FROM MOUSE SPLEEN 

A. Introduction 

The most readily obtained mononuclear phagocytes, normal 
and induced peritoneal cells, are a poor source of cells for 
the detection of la antigens because only a small percentage 
(8-15%) are Ia+ (2). However, mononuclear phagocytes in the 
spleen (3) and liver (4) are about 50% Ia+, which makes the 
detection of la antigens a great deal easier even though it 
necessitates an enrichment step. The simplest enrichment 
procedure we have found is to incubate spleen cell suspensions 
on glass petri dishes for 3-4 hr with several washes to remove 
nonadherent cells; adherent cells are then resuspended with 
EDTA and the phagocytes are tagged by ingestion of latex par-
ticles (3). One mouse spleen will yield about 1 x 106 adher-
ent cells of which 40-60% will be mononuclear phagocytes and 
about 50% of these express la antigens. 

B. Reagents 

EDTA: ethylene diaminetetraacetic acid (1:5000 Versene, 
Grand Island Biological Company). 

Latex particles: 10% suspension of 1.1 \xm diameter poly-
strene beads (Dow Chemical Company). 

C. Procedures 

(1). Spleen cell suspensions should be free of RBC and 
adjusted to 2 x 107 cells/ml in any complete medium containing 
antibiotics, 20 mM HEPES buffer and 5-10% heterologous serum 
(medium). 

(2). The cells are then plated on 100 mm sterile glass 
petri dishes. The dishes should be free of both detergent and 
lipid; the easiest way to check this is to put 5 ml of medium 
first in each dish: The medium should not cover the bottom 
until the dish is swirled and then should completely cover it. 
Then add 3 ml of cell suspension to the medium in each dish 
and swirl to distribute the cells (6 x 107 cells in 8 ml/dish. 
Incubate the dishes in a moist incubator at 37°C for 1.5 hr 
in 5% C02 and air. 
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(3). Swirl the petri dishes to dislodge nonadherent cells 
and aspirate off the medium. Wash the dishes twice with 8 ml 
of warm (37°) medium, swirling each time. Finally add 8 ml of 
medium and reincubate the dishes for a second 1.5 hr. After 
the second incubation, repeat the washes and drain off any re-
maining medium. 

(4). Place 5 ml of EDTA in each dish and swirl to cover 
the bottom. Incubate at 37°C for 15 min, then shake the 
dishes vigorously to detach the adherent cells and transfer 
them to an iced tube containing 5 ml of medium per dish 
(i.e., volume is equal to the EDTA). Centrifuge at 1500 rpm 
in the cold for 10 min. Resuspend the pellet in medium at 
1 x 106 cells/ml and add latex particles (6 yl of a 10% sus-
pension/ml cells). Place the tubes on a roller drum (Belco 
Glass, Inc.) overnight at 0.5-1.0 rpm and 37°C. 

(5). The next day wash the cells three times by centri-
fuging the suspension through an underlayer (1-2 ml) of un-
diluted serum; this will remove free latex particles. Finally, 
resuspend the cells at 2 x 107/ml in PBA (see Section III. B.) 
for immunofluorescence or at 5 x 10^ cells/ml in medium for 
microcytotoxicity. 

D. Critical Comments 

The purity of the phagocytic cell population obtained by 
this method is dependent on two factors: The duration of ad-
herence and the extent of the washes. As you increase each, 
the percentage of mononuclear phagocytes will increase, but 
the final yield will diminish. For the detection of la anti-
gens by the two methods described below, a pure population of 
phagocytes is unnecessary because only cells ingesting latex 
will be scored. The percentage of mononuclear phagocytes ex-
pressing membrane la antigens does not alter between fresh, 
nonadherent spleen cell suspensions and those adherent at 
24 hr; but beyond 24 hr the percentage of Ia+ phagocytes in 
the adherent population diminishes (3). 

The concentration of latex particles and the duration of 
incubation of the cells with latex are greater than those 
normally used. However, the benefit of the conditions de-
scribed in Section II. C. (4) is that all of the mononuclear 
phagocytes will be filled with particles and can be unequivo-
cally distinguished from nonphagocytic cells. That all of 
the cells ingesting latex under these conditions are mononu-
clear phagocytes can be verified by their ability to bind 
antigen-antibody complexes (5). 
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III. METHOD FOR DETECTION OF la ANTIGENS BY INDIRECT 
IMMUNOFLUORESCENCE 

Ά. Introduction 

Indirect immunofluorescence involves incubation sequen-
tially of cells with two antisera. The first antiserum is 
unlabeled antibody directed against the antigen you wish to 
detect; the second antiserum is fluorescein isothiocyanate-
conjugated (FL-) antibody specific for the Fc portion of the 
first antibody. It is essential that the second antiserum 
does not react with the cells in the absence of the first 
antiserum; this can occur by virtue of an unexpected cross-
reactivity with cell surface antigens. The problem can be 
overcome by preabsorbing the second antibody with the cells 
or by the use of an affinity-purified second antibody. When 
the first antiserum is an alloantiserum, there is the addi-
tional potential for the second antibody to react with Fc-
bound immunoglobulin (Ig) on Fc receptor-bearing cells. To 
an extent, the failure of an antiserum specific for the Fc 
portion of the alloantibody to react with Fc-bound Ig is pure-
ly fortuitous; therefore the choice of the second antibody may 
involve titrating several different reagents. 

B. Reagents 

(1). PBA: Phosphate-buffered (0.05 M) saline, pH 7.2, 
containing 2% w/v bovine serum albumin and 0.02% w/v sodium 
azide. This is the diluent to be used throughout the pro-
cedures; it should be passed through a millipore filler, 
stored frozen, and maintained on ice during use. 

(2). Anti-H-2 alloantisera: These may be prepared in 
your own laboratory (6,7) or obtained from the NIAID Serum 
Bank (Dr. John G. Ray, Jr., Program Officer, Immunobiology 
and Immunochemistry Br., IAIDP, NIAID, NIH, Westwood Bldg., 
Room 754, Bethesda, Maryland 20205). You will need anti-la 
antisera of the appropriate specificity to react with your 
cells, anti-/H-2 K or D reagents as a positive control and 
anti-la of a specificity that should not react with your cells 
as a negative control. These reagents should be stored frozen 
and used undiluted in most cases. Monoclonal anti-H-2 allo-
antibodies can be obtained from the Salk Institute (Project 
Manager, Cell Distribution Center, The Salk Institute, PO Box 
1809, San Diego, California 92112) and must be titrated because 
some monoclonals show pronounced prozones. 

(3). Fluorescein-conjugated antimouse IgG. As most anti-
MHC alloantibodies are IgG, this reagent should be specific 
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for the Fc portion of IgG heavy chains. A fluorescein-conju-
gated goat antibody of this specificity can be obtained from 
Cappel Laboratories, Inc., Cochranville, Pennsylvania or from 
Tago Inc., Burlingame, California. Alternatively, a fluores-
cein isothiocyanate-conjugated rabbit (Fab1) 2 antii-mouse IgGl 
and rabbit F(ab >2 anti-mouse IgG2 can be prepared in the 
following manner: Inject rabbits with 1 mg of chromatographi-
cally purified MOPC 21 (IgGl,K) or MOPC 141 (IgG2b,K) in com-
plete Freunds adjuvant three times at 2 week intervals and 
bleed the animals 2 weeks after the third injection. Isolate 
IgG fractions of the sera by DEAE chromatography and absorb 
with myelomas insolubilized by covalent coupling to agarose 
via the cyanogen bromide procedure (8). Anti-MOPC 21 can be 
absorbed with RPC5 (IgG2a, K) and anti-MOPC 141 with MOPC 21 
to yield anti-IgGl and anti-IgG2, respectively. F(ab1)~ frag-
ments can be prepared by pepsin digestion (9) and conjugated 
to fluorescein (10). Plasmacytomas can be obtained from 
Litton Bionetics (Kensington, Maryland). These reagents 
should be stored frozen. The appropriate concentrations for 
use of these reagents must be individually determined by ti-
tration on your cells with and without prior incubation with 
anti-MHC alloantisera. All dilutions should be made immedi-
ately prior to use in PBA. 

C. Procedure 

(1). All reagents and cell suspensions (see Section U.C. 
(5)), appropriately diluted in PBA, must be maintained on ice 
throughout the procedures. Cell washes should be done in a 
cold centrifuge at 1500 rpm for 10 min. 

(2). Anti-MHC alloantisera and Fl- anti-mouse IgG must be 
ultracentrifuged to remove material >10 S immediately prior 
to use, unless the reagent is an F(ab1)2· Since only very 
small volumes of reagents will be used, an airfuge (Beckman) 
is ideal for this purpose (175 yl per tube, top speed setting, 
27 min, use top 100 yl from tube). 

(3). Incubations should be done on ice in 10 x 75 mm 
glass tubes. First, put 25 yl of cell suspension in each 
tube, then add 100 yl of anti-MHC alloantisera or PBA to the 
cells and vortex well. Tubes should include: anti-H-2K or -D 
of appropriate specificity, an inappropriate anti-la (as a speci-
ficity control for the anti-MHC reagents), and PBA (as a con-
trol for binding of the FL- antii-mouse IgG) . Incubate the tubes 
for 30 min on ice, vortexing every 10 min. 

(4). Wash the cells three times in 1.0 ml iced PBA per tube, 
vortexing the pellet each time you resuspend. After the final 
wash, pour off the PBA and drain the pellet well. 
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(5). Add 25 yl of FL- anti-mouse IgG to each tube and 
vortex well. Incubate on ice 30 min, vortexing every 10 min. 
We have found that a combination of affinity-purified FL-anti-
mouse IgG1 and anti-mouse IgG2 at approximately 100 yg/ml each 
is the optimal concentration for maximum detection of la and 
minimum background (cells + FL-antigen-IgG alone) staining. 
However, this concentration will vary for each FL-anti-IgG 
reagent and must be independently determined. A good fluores-
cent reagent used alone should not stain more than 1-2% of the 
cells; whereas, when used after incubation with an anti-H-2K 
or -D alloantiserum, it should stain virtually 100% of the 
cells. 

(6). Repeat step (4). 
(7). Vortex each pellet very well just prior to putting 

9 yl of cells on a microscope slide. Place a 22 x 22 mm cover 
glass on top of the cells and immediately seal the edges with 
nail polish. 

(8). Examine the cells by phase and fluorescence micros-
copy for viability, latex ingestion, and surface fluorescence; 
a minimun of 200 viable cells should be counted. 

D. Calculation of Data 

Data are simply reported as number of cells with surface 
fluorescence per 100 latex-ingesting cells. 

E. Critical Comments 

As mentioned in Section III, C. (5), FL-anti-IgG should 
not stain more than 1-2% of mononuclear phagocytes, while 
anti-H-2K or anti-H-2D followed by FL-anti-IgG should stain 
virtually 100% of the cells. The percentage of cells stained 
by an anti-la antiserum will vary with the source of the cells 
and the specificity of the antibody (2-4). Of the three sub-
regions that can be serologically detected, only products of 
J-A and I-E have been observed on mononuclear phagocytes by 
indirect immunofluorescence. The expression of J-J subregion 
products on these cells has been reported (11), but detection 
of J-J on the membrane has been problematic and may depend up-
on the particular antiserum used. 

The success of this procedure depends on several factors. 
First of all, it is only as good as the specificity of the 
reagents used. It is important that the cells be stained in 
suspension rather than while adherent because the FL-anti-IgG 
background tends to be quite elevated on adherent mononuclear 
phagocytes. Prior incubation of the cells with latex is valu-
able not only because it allows assay of impure populations, 
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but also because it diminishes ingestion of Ia-anti-Ia com-
plexes by the phagocytes during the staining process. Strict 
maintenance of temperature at 4°C also reduces this. Cyto-
plasmic autofluorescence of mononuclear phagocytes may be dis-
tracting in the assessment of surface fluorescence; if this is 
a problem, the autofluorescence can be reduced by using medium 
lacking phenol red for preparation of the cells. Fluorescence 
microscopy has the advantage of enabling one to detect infre-
quent positive cells, but it has the disadvantage of subjectiv-
ity; this can only be overcome by doing repeated observations 
on coded samples using consistent criteria. 

The procedure described above, applied to highly purified 
populations of mononuclear phagocytes, can also be used for 
flow microfluorometric analysis of la antigens on mononuclear 
phagocytes; in this case it is essential to reduce autofluores-
cence to a minimum. 

IV. METHOD FOR DETECTION OF la ANTIGENS BY MICROCYTOTOXICITY 

Ά. Introduction 

Anti-la and C killing of mononuclear phagocytes will yield 
results parallel to those of the indirect immunofluorescence 
method (3). This method is easier in that only one antibody 
is required, but it is less sensitive because C alone gives a 
higher background than FL-anti-Ig. 

B. Reagents 

Medium: Described in Section II, C. (1). 
Complement: This is a critical reagent as it must not be 

toxic to the cells by itself but must be effective in allo-
antibody-mediated cell lysis. Individual C sources may be 
screened for low toxicity (< 10% lysis when used alone) and 
high C activity (> 90% lysis when used after anti-H-2K or 
anti-H-2D). We have found the best source to be serum from 
rabbits 3-4 weeks old. It is essential to screen C sources 
on the target cells to be used, as a good C for lymphocytes 
may not be good for mononuclear phagocytes, and we have even 
found it to vary with the tissue source of the phagocytes. 
In general, it is easier to screen several sera and choose 
one good one, than to do absorptions of sera whose toxicity 
is unacceptably high. 

Anti-H-2 alloantisera: see Section III. B. (2). 
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C. Procedures 

(1) . This is a standard two-stage cytotoxicity procedure 
performed in round bottom microtiter plates (12). Serial two-
fold dilutions of anti-H-2 alloantisera are made in medium 
(Section II. C. (1)) in a total volume of 25 yl. Two series 
of dilutions of each antiserum should be made and two wells 
should contain medium alone. The plates should be kept on a 
bed of ice. 

(2). Add 25 yl of cell suspension from Section II. C. (5) 
(5 x 10" cells/ml in medium) to every well and mix on a micro-
mixer (Cooke Engineering) for 10 sec at speed 3. Add cover 
to microtiter plate and leave on ice for 30 min. 

(3). Add 150 yl of iced medium to all wells and centri-
fuge plates at 1000 rpm for 5 min in the cold, using micro-
titer plate holders. 

(4). Remove supernatant by quickly flicking plates into 
a sink, then place plates on ice again. 

(5). Add 25 yl of C source appropriately diluted in iced 
medium (see Section IV. B) to one of every two rows of allo-
antisera dilutions and to one of the two wells receiving me-
dium alone. Add 25 yl of iced medium to all remaining wells. 
Cover plates and mix for 30 sec at full speed on a micromixer, 
then incubate at 37°C for 30 min. 

(6). Centrifuge plates at 1500 rpm for 5 min in the cold, 
then replace on bed of ice. 

(7). Counting can be done in a hemocytometer, but is more 
rapidly done on an F500 white slide (Roboz Surgical) using 
round (12 mm diam) No. 1 cover glasses (Kimble). Remove super-
natant from 5 wells. Add 10 yl of trypan blue (0.2% in saline, 
freshly diluted) to each well, mix, remove 5 Ul from each well, 
and place on slide, immediately adding cover glass. Count 200 
cells containing latex particles and score for percent dead 
cells. 

D. Calculation of Data 

Data are reported as percentage lysis of latex-ingesting 
cells versus reciprocal antiserum dilution. The percent. 
lysis with C alone and percent lysis with an inappropriate 
anti-MHC alloantiserum should be included in the results. 

E. Critical Comments 

In order for the cytotoxicity data to be meaningful, cell 
viability in medium alone, C alone, and alloantiserum alone 
must remain high (approx. 90%) throughout the assay; these 
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controls should be counted regularly during cytotoxicity 
counting, as the percentage dead cells can increase with time. 
It is not uncommon for high concentrations of alloantisera to 
give unexpectedly low percentage lysis. This can occur for 
two reasons: The serum can be anticomplementary at high con-
centrations, or cell lysis can be so extensive that many of 
the dead cells are blown up and lost leaving a field with few 
cells, lots of free latex particles, and an artificially low 
dead cell count. Also, if a large number of contaminating 
lymphocytes have been killed by an antiserum, there is a ten-
dency for the mononuclear phagocytes to be found in clumps 
with dead lymphocytes and it may be difficult to tell if these 
cells are dead or alive. Generally these problems only occur 
at very high antibody concentrations; more reliable cell 
counts are obtained at lower antibody concentrations when the 
percentage lysis is still on a plateau. 

V. CONCLUDING REMARKS 

Immunofluorescence and microcytotoxicity are the two 
simplest methods for detection of la antigens on mononuclear 
phagocytes. A more sensitive and precise analysis of la ex-
pression on these cells can be obtained using a fluorescence-
activated cell sorter. Finally, biochemical analyses of la 
antigens synthesized by mononuclear phagocytes can be done on 
immunoprecipitated molecules purified from cells grown with 
radiolabeled amino acids (3). 
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