
Mixed Leukocyte Stimulation of Normal Peripheral 

Leukocytes by Autologous Lymphoblastoid Cells 

Abstract. Lymphocyte culture lines can be established by using buffy coat 
cells from normal or diseased individuals. Established lymphocytoblasts from a 
normal donor were used in the one-way mixed leukocyte culture test and were 
found to stimulate the peripheral lymphocytes of that donor. These lymphocyto- 
blasts were also capable of stimulating allogeneic lymphocyte populations. 

Investigations have shown that 
lymphocytes from normal human 
donors can be stimulated by a number 
of varied agents, including phyto- 
hemagglutinin, tuberculin, pokeweed 
mitogen, HgC12, staphylococcal filtrate, 
and homologous lymphocytes (1). Once 
stimulated, significant numbers of cells 
transform within a week to pyronino- 
philic blast cells that synthesize nucleic 
acids and undergo cell division. In cer- 
tain cases, however, lymphocytes main- 
tained in culture without the aid of an 
added mitogenic agent may divide and 
from these cells lymphoblastoid cell 
lines have been established (2). 

Fridman and Kourilsky (3), utilizing 
the one-way mixed leukocyte culture 

Table 1. Experiment 1 is a study of periph- 
eral leukocytes of donor (A) and the lym- 
phocytoblast culture B (2666 treated with 
mitomycin C). A second unrelated individual 
(X) is also utilized in the procedure as an 
additional control. Responding cell concen- 
trations are 0.5 x 108 mononuclear cells per 
milliliter for both individuals A and X. 
Stimulating cell concentrations are total 
lymphoblasts per milliliter or total lympho- 
cytes per milliliter. Mixed cultures are per- 
formed as described (5). Cultures were in- 
cubated for 3 days at 37?C in a humid 
atmosphere, and, on day 3, 2 Ac of PH]- 
thymidine was added to each tube for 18 
hours. Counts per minute refers to the aver- 
age for washed acid precipitates (8) of tripli- 
cate cultures. 

Concentra- 
Cell tion of Activity 
mix- stimulating (count/ 
ture cells min.) 

(No. X 10?/ml) 

AAm 750 
ABm 0.5 14,611 
ABm 1.0 10,285 
ABm 1.5 3,412 
B 132,176 
Bm 0.5 90 
Bm 1.0 118 
Bm 1.5 47 
AXm 0.5 4,201 
AXm 1.0 6,471 
AXm 1.5 7,496 
XXm 938 
XAm 0.5 5,258 
XAm 1.0 4,412 
XAm 1.5 5,290 
XBm 0.5 10,363 
XBm 1.0 15,750 
XBm 1.5 12,039 
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test (MLC), demonstrated that periph- 
eral lymphocytes can be stimulated in 
culture by autologous leukemic lymph- 
oblasts. We report here that normal 
peripheral leukocytes can be stimulated 
by the established autologous lympho- 
blast cell culture. 

The following procedures were used 
for the establishment of the lympho- 
blast cultures. One hundred milliliters 
of freshly drawn, heparinized blood (10 
units of heparin per milliliter) was 
centrifuged at room temperature for 
10 minutes at 60g. The leukocyte-rich 
plasma was removed. Upon additional 
settling, another 5 ml of leukocyte- 
rich plasma was obtained. Both samples 
were pooled and centrifuged at 650g, 
the plasma was removed, and the cell 
pellet was resuspended in sterile Hanks 
balanced salt solution (Grand Island 
Biological). Cell counts were performed 
and cultures were initiated with a cell 
concentration of 3.5 X 106 leukocytes 
per milliliter. The medium employed 
was RPMI 1640 (Grand Island Bio- 
logical; RPMI, Roswell Park Memorial 
Institute) supplemented with fetal calf 
serum, 16.6 percent; glutamine, 2 
mmole/liter; and neomycin, 80 /xg/ml. 
All cultures were maintained statically 
at 37?C. Every 48 to 72 hours addi- 
tional fresh medium was added (10 
percent by volume); at the time of each 
fifth addition to the medium (10 to 
15 days) viable cell counts were made 
with the use of trypan blue dye ex- 
clusion, and 80 percent' of the old 
medium was replaced with fresh me- 
dium. This procedure essentially fol- 
lowed that of Moore et al. (4); it was 
continued until the culture became es- 
tablished, at which time the designation 
was NMRI 2666. A second culture de- 
rived from 2666 was adapted to pooled 
human serum (blood group A, Rh pos- 
itive), 16.6 percent concentration in 
the above medium, and designated 
NMRI 2748. 

In the mixed leukocyte test as per- 
formed in this laboratory, peripheral 
blood leukocytes from a given donor 
(A) are mixed with stimulating cells 
that have been mitotically inhibited by 

pretreatment with mitomycin C (5). 
These cells are either autologous lym- 
phoblasts (B) or lymphocytes from an 
unrelated individual Xm (m denotes 
mitomycin C treatment). The un- 
treated leukocytes are assessed to deter- 
mine whether they have been stimu- 
lated by the presence of cells treated 
with mitomycin C by using the uptake 
of [3H]thymidine into the trichloro- 
acetic acid (TCA) precipitable mate- 
rial. An increased incorporation of 
[3H]thymidine shows stimulation of the 
A cells by the mitomycin C-treated 
cells that are present. If the cells used 
in the reaction are identical, the cell 
mixture ABm will not incorporate [3H]- 
thymidine at a rate different from their 
respective controls (AAm, Bm). 

In each of the nine reactions em- 
ploying donor cells (A) and the autol- 
ogous cultured cell line (B) there was 
stimulation as determined by the [3H]- 
thymidine found in the TCA precipi- 
table material. Stimulation was also ap- 
parent when allogeneic cells were used 
with the lymphoblast cell line (Table 
1). 

In experiment 1 (Table 1) control 
cultures of cells from individual A in- 
cubated with Am (treated with mito- 
mycin C) incorporated 750 count/min. 
When mixed with autologous lympho- 
cytoblasts (Bm; treated with mitomycin 
C) there was a clearly increased uptake 
of [3H]thymidine at the cell concen- 
trations employed. Mitomycin C-treat- 
ed lymphoblasts incorporated signifi- 
cantly less or no [3H]thymidine when 
compared to lymphoblasts B that were 

Table 2. Experiment 2 is the study of lympho- 
blasts cultured in 16.6 percent fetal calf 
serum and of these same cells adapted to 
grow in medium containing 16.6 percent type 
A, Rh positive human serum. Peripheral 
lymphocytes of donor A were tested with 
stimulatory cells B (fetal calf serum culture) 
and C (pooled type A, Rh positive human 
serum culture). Both lymphoblast lines were 
treated with mitomycin C. Cell concentrations 
and culture conditions as in Table 1. 

Concentra- 
Cell tion of Activity 
mix- stimulating (count/ 
ture cells min) 

(No. X 10/ml) 

AAm 603 
ABm 0.5 29,172 
ABm 1.0 10,394 
ABm 1.5 2,908 
B 156,406 
Bm 388 
ACm 0.5 24,274 
ACm 1.0 19,387 
ACm 1.5 14,190 
C 283,125 
Cm 992 
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not treated with mitomycin C (132,176 
count/min as compared to the control 
of 90 count/min). The allogeneic cells 
(X) used as stimulating cells verified 
the ability of A to respond, and the 
reciprocal test was also shown to be 
stimulatory (XAm). The allogeneic 
lymphocytes in the reaction XBm also 
incorporated [3H]thymidine when in- 
cubated with the lymphoblast (Bm). 

One possible explanation of the 
stimulation caused by autologous lym- 
phocytoblasts is that fetal calf antigens 
derived from the culture medium had 
become associated with the cultured 
cells. To test this possibility, lympho- 
blast culture 2666 was washed twice 
with medium containing human type 
A, Rh positive serum and then was 
cultured in medium in which human 
serum (same ABO and Rh type as 
original donor) had been substituted 
for the fetal calf serum. After 30 days, 
the lymphoblasts grown in medium 
containing human serum were assayed 
for stimulatory activity in the mixed 
leukocyte culture test (Table 2). These 
lymphoblasts also stimulated the autol- 
ogous peripheral lymphocytes (24,214 
count/min compared to controls of 
603 and 992 count/min), which sug- 
gests that antigens derived from fetal 
calf serum had played no role in the 
capacity of these cells to stimulate. 
Furthermore, we were unable to detect 
bovine antigens on these cells in cyto- 
toxicity tests employing antiserum to 
fetal calf serum and antiserum to 
Forssman antigen. 

Another possible explanation of the 
stimulation caused by autologous lym- 
phoblast cells is that the cells elaborate 
a soluble factor that causes stimulation 
of the peripheral leukocytes. An at- 
tempt was made to determine if the 
cell-free culture filtrate was stimula- 
tory. No stimulation was found when 
three dilutions of the culture filtrate 
were used (2.0, 1.0, and 5.0 ml of 
filtrate compared to fresh medium; all 
volumes were adjusted to 2.5 ml with 
the medium employed in the MLC). 
This result suggests that a soluble blas- 
togenic factor is not present, but of 
course such experiments do not rule 
it out entirely. 

The autologous stimulation de- 
scribed here is comparable to the 
stimulation observed in mixed cultures 
of lymphocytes from allogeneic in- 
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togenic factor is not present, but of 
course such experiments do not rule 
it out entirely. 

The autologous stimulation de- 
scribed here is comparable to the 
stimulation observed in mixed cultures 
of lymphocytes from allogeneic in- 
dividuals possessing different alleles at 
the HL-A locus. Using methods rou- 
tinely employed in this laboratory (6), 
we established that there is no differ- 
ence between the HL-A type of the 
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donor and the HL-A type of his autol- 
ogous lymphoblast cultures. These ob- 
servations are in agreement with those 
of Kourilsky et al. (7). 

The remaining .alternative interpre- 
tation of this phenomenon is that cells 
in culture synthesize an antigen not 
found on the peripheral lymphocyte. 
Bach et al. (5), using leukemic cells, 
suggested that the stimulation found in 
their laboratory may be due to a leu- 
kemic antigen, minor non-HL-A anti- 
gens, or a blast cell antigen. It ap- 
pears from our data that the reaction 
may be caused by a blast-associated 
antigen that is not found on normal 
lymphocytes. Further investigations 
will be necessary to elucidate the mech- 
anism of this in vitro reaction of autol- 
ogous cells. Such investigations may 
be expected to facilitate understanding 
of the MLC test and its relationships 
to immunological events. 

STANLEY S. GREEN 
KENNETH W. SELL 

Experimental Immunology Division, 
Clinical Investigation Department, 
Naval Medical Research Institute, 
Bethesda, Maryland 20014 
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nonpregnant individuals or on pregnant 
laboratory animals may not be applica- 
ble to the human gravid state. Further- 
more, the potential importance of ma- 
ternal undernutrition in the genesis of 
alterations in fetal growth and develop- 
ment (6) underscores the need for 
characterizing the maternal response 
to caloric deprivation. In our study the 
metabolic response to an 84-hour fast 
has been studied in women during the 
second trimester of pregnancy and 
compared to that of a nonpregnant 
control group. 

The pregnant subjects were 12 
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Starvation in Human Pregnancy: Hypoglycemia, 
Hypoinsulinemia, and Hyperketonemia 

Abstract, In women fasted during the second trimester of pregnancy, concen- 
trations of glucose and insulin in the plasma fell to a greater extent and ketone 
acid concentrations in the blood rose more rapidly than in nonpregnant controls. 
Nitrogen excretion in the urine, particularly ammonia, was increased in the preg- 
nant group. Continuous glucose utilization by the conceptus may exaggerate and 
accelerate the metabolic consequences of starvation. 
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