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Abstract. Chicken fetal antigen (CFA) was demonstrated by both complement-mediated mi- 
crocytotoxicity and immunofluorescence to be present on the cell surface of activated peritoneal 
macrophage. While CFA-positive macrophage were observed in young birds, the antigen was 
absent from adult macrophage. A comparison of cell surface CFA on macrophage, lymphocytes, 
and erythrocytes indicated that unique subsets of CFA determinants are characteristic for each 
differentiation lineage. As a result, CFA can Serve as a cell surface marker for differentiation- 
specific gene expression. Since CFA determinants are known to be at least partly defined by 
carbohydrates, it is suggested that hematopoietic heterogeneity for CFA may result from lineage- 
specific carbohydrate microheterogeneity. 

Chicken fetal antigen (CFA) is a mem- 
brane-bound oncodevelopmental glycopro- 
tein found on avian hematopoietic cells (1). 
CFA and an analogous erythrocyte antigen 
have been shown to be involved with ery- 
throid differentiation (2, 3). Recently, CFA 
was also linked to lymphoid differentiation 
and development (4). Lymphocyte subsets 
within both B- and T-cell differentiation lin- 
eages appear to exhibit differential CFA 
expression. In addition, lymphocytes from 
secondary lymphoid organs are developmen- 
tally restricted for CFA expression (4, 5). 

CFA activity has been shown to reside on 
a 48,000-dalton glycoprotein by specific im- 
munoprecipitation from erythrocytes and 
lymphocytes (6). However, the antigen is 
known to be extremely complex, being com- 
posed of at least 13 antigenic determinants 
(7). At least one of these determinants is de- 
fined by a single carbohydrate residue (8, 9). 
As a result, it has been suggested that specific 
glycosyltransferases and/or glycosidases reg- 
ulate the presence of individual cell surface 
CFA determinants (8). 

While lymphocytes possess CFA, they share 
only a subset of the total antigenic determi- 
nants found on erythrocytes; these determi- 
nants have been termed lymphocyte-asso- 
ciated CFA (LA-CFA), as opposed to those 
CFA determinants restricted to erythrocytes 
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which are referred to as erythrocyte-specific 
CFA (ES-CFA). Based on the finding that 
CFA may be used to study immune cell dif- 
ferentiation relative to other hematopoietic 
cells, we have expanded our analysis to en- 
compass the reticuloendothelial differentia- 
tion lineage. Specifically, this paper describes 
the detection and developmental restriction 
of CFA on activated peritoneal macrophage. 
In addition, specific CFA expression of these 
cells is compared to that established for lym- 
phoid and erythroid differentiation lineages. 

Materials and Methods. Cornell K strain 
female White Leghorn chickens were the 
source of all cells used in this study ( 10). LSCC- 
CU10 (TLT-1) is a nonadherent avian leu- 
kosis lymphoblastoid cell line donated by Dr. 
K. A. Schat, Cornell University. This cell line 
was previously shown to shed avian leukosis 
virus but to lack B- or T-cell markers (1 1). 
As a result, the exact differentiation status of 
this cell line has yet to be established. LSCC- 
CU 10 is positive for CFA (5) and was main- 
tained in 42.4% Leibovitz's L15 Medium 
(Gibco), 42.4% McCoy's 5A Medium (Gibco), 
8.5% fetal calf serum (Gibco), 6.8% chicken 
serum (Gibco) with 100 U/ml penicillin, 100 
mg/ml streptomycin, and 0.25 mg/ml Fun- 
gizone at 37", 5% C02 throughout the period 
of this study. Rabbit anti-CFA (R-anti-CFA), 
rabbit anti-CFA adsorbed with 6-week bur- 
sacytes, and rabbit anti-CFA inactivated by 
adsorption with 1 -day chicken erythrocytes 
were all prepared as previously described, re- 
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spectively (4, 12). Rabbit anti-CFA adsorbed 
with LSCC-CU10 was obtained by exhaus- 
tively adsorbing 500 pl of R-anti-CFA with 
1 o9 LSCC-CU 1 O cells at room temperature 
for 4 hr. The completeness of all adsorptions 
was determined by testing the reactivity of the 
adsorbed antisera against the adsorbing cell 
populations. All assays were conducted in 
triplicate using pooled cell samples from 4 to 
10 chickens of identical age. Isolation of bur- 
sacytes and erythrocytes and subsequent com- 
plement-mediated microcytotoxicity assays on 
these cells and LSCC-CU10 cells were per- 
formed as previously described (4, 9). 

Preliminary experiments indicated that 
stimulation was required for isolation of peri- 
toneal macrophage from chickens. For pro- 
duction of activated chicken macrophage, a 
method was employed similar to one reported 
for the bovine system (13). In initial trials, 
this procedure was found to produce good 
yields of adherent cells containing a high per- 
centage of activated macrophage. Peritoneal 
injections of 3% starch (Staley) in sterile 0.75% 
saline at a dosage of 1 m1/100 g body weight 
were given on each of 7 consecutive days. Fol- 
lowing 1 day rest, peritoneal exudate cells were 
harvested on the ninth day by flushing the 
peritoneal cavity with 50 ml of sterile heparin 
(0.5 U/ml) in saline. Cells were collected in 
siliconized tubes, rinsed three times with cold 
RPMI 1640 + 100 U/ml penicillin + 50 pg/ 
ml streptomycin. Pooled cells were plated on 
microhistocompatibility typing trays (Falcon) 
at a concentration required to produce ap- 
proximately 2000 adherent cells per well. Fol- 
lowing a 1-hr incubation at 37", nonadherent 
cells were removed by repeated flushing of 
each well with RPMI 1640 + antibiotics. One 
microliter of growth medium was added to 
the adherent cells in each well and 10 pl of 
mineral oil was layered on top. 

For CFA determination, complement-me- 
diated microcytotoxicity using 1 pl of anti- 
serum and 5 p1 of guinea pig complement 
(Gibco) was performed as previously de- 
scribed for lymphocytes (4). Antibody, com- 
plement, and medium controls were run on 
each sample and specificity of the assay was 
demonstrated using R-anti-CFA totally in- 
activated by adsorption with 1-day chick 
erythrocytes (4). Maximum CFA-specific mi- 
crocytotoxicity was used to determine the in- 
cidence of CFA-positive macrophage. 

As a control for nonspecific phagocytosis 
during the assay, replicate plates of certain 
adherent cells were preincubated in 2 pA4 col- 
chicine (Calbiochem) in RPMI 1640 + anti- 
biotics for 30 min at 37" prior to CFA analysis 
(1 3). These plates served as controls for non- 
specific uptake of immunoglobulin or trypan 
blue stain under the assay conditions. Rep- 
licate adherent cell isolates on cover slips were 
used to determine the percentage of macro- 
phage in the test cell population. Methanol- 
fixed slide preparations were stained with 
May-Griiwald-Giemsa ( 14). Morphological 
analysis of 500 adherent cells from each sam- 
ple was performed (1 5). 

For the immunofluorescence assay, a pool 
of 2 X lo6 peritoneal exudate cells from four 
birds was rinsed in RPMI 1640, placed in 0.1 
ml RPMI 1640, and reacted with 0.1 ml of 
R-anti-CFA (1/8) at 4" for 30 min. Following 
three rinses with cold RPMI 1640, the cells 
were further reacted with 0.1 ml goat anti- 
rabbit Ig labeled with FITC (1/8) (Cappel) for 
30 min at 4". After rinsing, cells were resus- 
pended in 9:l glycero1:O.l A4 PBS (pH 7.2), 
placed on a slide, and the percentage fluores- 
cence of lo00 cells was determined on an 
Olympus Vanox microscope by two indepen- 
dent observers. 

Results. Both complement-mediated mi- 
crocytotoxicity and immunofluorescence as- 
says demonstrated the presence of CFA on 
peritoneal exudate cells from young chickens. 
Table I illustrates the percentage CFA-specific 
microcytotoxicity directed against the adher- 
ent population of peritoneal cells. Specificity 
of CFA detection was demonstrated in two 
ways. Inhibition of macrophage phagocytosis 
by colchicine treatment did not alter the reac- 
tivity of R-anti-CFA with these cells (Table 
I). Therefore, observed cytotoxicity was not 
due to nonspecific phagocytosis of either an- 
tibody or trypan blue stain. In addition, ad- 
sorption of R-anti-CFA with 1-day chicken 
erythrocytes totally abolished the reactivity of 
the antiserum against adherent cells (primar- 
ily activated macrophage) from 6-week-old 
chickens (Table 11). Therefore, antibody-de- 
pendent complement-mediated microcyto- 
toxicity of these cells was specific for CFA. In 
addition, analysis by immunofluorescence of 
peritoneal exudate cell samples from 6-week- 
old chickens indicated that 80.9% of the cells 
(adherent and nonadherent) were positive for 
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TABLE I.  CFA-SPECIFIC MICROCYTOTOXICITY OF DEVELOPING ACTIVATED MACROPHAGE 

Percentage CFA-specific microcytotoxicity 

Age of donor Untreated Colchicine-treated Percentage macrophage in 
(weeks) adherent cells adherent cells adherent cell preparations 

1 
6 

20 
29 
38 
56 

97.5 
93.0 
80.3 
16.9 
0 
0 

97.7 
NT" 
NT 
NT 
NT 
0 

91.8 
88.3 
NT 
84.6 
NT 
89.1 

" Not tested. 

CFA. Controls for both primary and second- 
ary antisera and for medium all gave negative 
fluorescence. 

With increasing age of the donor chickens, 
the percentage of CFA-positive adherent cells 
declined. Adherent cells derived from adult 
chickens (38 and 56 weeks of age) were found 
to be negative for CFA (Table I). While all 
assays were performed on adherent cell p o p  
ulations, the percentage of macrophage in the 
cell preparations was relatively constant (Ta- 
ble I). Therefore, the observed developmental 
loss of CFA from adherent cell populations 
cannot be due to variations in macrophage 
yield in test samples. 

The relationship of CFA found on mac- 
rophage compared with that present on lym- 
phocytes and erythrocytes is shown in Table 
11. R-anti-CFA adsorbed with 6-week bursa- 
cytes was negative against lymphocytes but 
retained reactivity against macrophage-rich 
adherent cells derived from chickens of the 

same age. This observation indicates the pres- 
ence of ES-CFA determinants on macro- 
phage. The fact that 6-week peritoneal mac- 
rophage bear different CFA determinants from 
both 1-day and 6-week erythrocytes can be 
seen from the LSCC-CU 10 data (Table 11). R- 
anti-CFA adsorbed to completion with LSCC- 
CU 10 cells failed to react with adherent cells 
including macrophage but retained reactivity 
against peripheral erythrocytes. Apparently, 
macrophage bear some but not all of the 
ES-CFA determinants present on erythro- 
cytes. Therefore, macrophage, bursacytes, and 
peripheral erythrocytes from 6-week-old 
chickens each bear unique combinations of 
cell surface CFA determinants. 

Discussion. Little is presently known about 
cell surface markers on chicken macrophage. 
However, the finding that CFA is develop- 
mentally associated with activated peritoneal 
macrophage extends the developmental re- 
striction of CFA to three hematopoietic dif- 

TABLE 11. CFA EXPRESSION ON HEMATOPOIETIC DIFFERENTIATION LINEAGES 

Test cells 

6-wek 1 -day 6-week 6-wek 6-wek 
Antisera erythrocytes LSCC-CU I0 bursacytes thymocytes macrophage erythrocytes 

R-anti-CFA +a + + + + + 
R-anti-CFA adsorbed 

R-anti-CFA adsorbed 

Ranti-CFA inactivated 

- + + 
+ 

w/bursacytes NT' + -c 

+ w/ LSCC-CUlO NT NT 

by adsorption w/lday 
chicken RBCs - - - - - - 

- - 

a + indicates a positive reaction by microcytotoxicity (>50% above controls). 
'Not tested. 
- indicates a negative reaction by microcytotoxicity (not greater than controls). 
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ferentiation lineages. The loss of CFA from 
adherent peritoneal exudate cells rich in ac- 
tivated macrophage exhibited a similar pat- 
tern to that previously reported for lympho- 
cytes from secondary organs and peripheral 
erythrocytes. A transitional period exists when 
some, but not all, macrophage bear CFA. With 
increasing age, the CFA-positive population 
declines until only CFA-negative cells exist. 
This transition period for the macrophage ap- 
parently occurs somewhat later in develop- 
ment than previously observed for peripheral 
erythrocytes ( 16) and splenic lymphocytes (5). 
It is not known whether peripheral blood-de- 
rived macrophage from stimulated or unstim- 
ulated chickens would differ in CFA expres- 
sion from the activated peritoneal macro- 
phage used in the present study. Such a 
comparison must await further investigation. 

While LA-CFA and ES-CFA were defined 
by previous work on lymphocytes, the present 
findings indicate that the macrophage differ- 
entiation lineage possesses a unique subset of 
CFA determinants different from LA-CFA 
and ES-CFA. While all three differentiation 
lineages possess CFA, the particular combi- 
nation of CFA determinants present on each 
lineage can serve to identi@ the lineage. The 
significance of this observation lies in the na- 
ture of CFA. Since it has been proposed that 
CFA specificities are largely carbohydrate de- 
fined (9), lymphocytes, erythrocytes, and ac- 
tivated macrophage from the same aged 
chickens apparently possess microhetero- 
geneity in the carbohydrate portion of CFA 
resulting in the observed differences in CFA 
expression. Since at least one CFA determi- 
nant has been shown to serve as a viral bind- 
ing site (1 7), CFA heterogeneity between dif- 
ferent hematopoietic differentiation lineages 
may have distinct biological significance. 

One application of these findings will be 
the analysis of the differentiation status of 
avian tumor cells. CFA is known to occur on 
virally induced lymphoid tumors and related 
tumor cell lines (5, 18). Since specific differ- 
entiation lineage markers have now been 
identified, it will be possible to characterize 
these tumor cells according to their differen- 
tiation and developmental status of CFA 
expression (1 8). Therefore, CFA should be 
useful in determining the possible differentia- 
tion blockage or retrodifferentiation asso- 
ciated with specific tumorogenesis. 
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