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or (2) treatment s that will assist in the cure of the malignancy. Certain non-
leukemi c, solid ani mal and human tumors not directly involved with the hemato-
poietlc system are known to affect indirectly the various cellular compartments
~~~~~~~~~~~~~~~~ suc~Ii tumor , the Lewis lung (3LL) transplantable carcinoma,
produces s lenic enlar ement in mice engrafted sc w%th a tumo cell inoculum.
Thus, we hypothesized t he splenic enlargement ~s ,l$t~d with myelo-
cytopoietic and lymphocytopoietzc changes that were dependent on (1) initial 3LL
cell load, (2) time after engraftment with 3LL cefls and (3) engrafted mouse strain.
The hypothesis was tested by engraft ing both C57BL/6 male and B6CBF1 male
mice with Ither (1) ~~~ 2) 5 x io4 or (3) 2 x 10~jviable 3LL tumor cells. Con—
trol treate ce received either (1) no tumor~~~lls or (2).~~~~lj4irradiated 3LL

On days 3, 7 and 14 after sc engraftment the following responses were mea-
( sured simultaneously in replicate experiments: (1) splenic enlargement and histo-

logic appearance, (21 splemc lymphocyte responses to phytohemagglutini n and to
(3) llpopolysaceharide and splenic cell colony forming unit potentials as measured
by the (4) colony forming unit-spleen and (5) colony forming unit-culture assays.

- )In  all tumor cell engrafted mice, the aplenic weight was greater than that seen
in control untreated mice. In each strain , t he splenic weight increase was depend-
ent on the number of engrafted tumor cells and the time after engraftment . Hyper-
plasia of the reticuloendothelial system was observed at all tumor cell doses at all
time intervals. Reticuloendothelial system hyperplasi a tended to increase as a
function of time and tumor cell dose. The incorporation of tritiated thymidine in-
to splenic lymphocytes stimulated with phytohemagglutinin was reduced in all mice
engrafted with tumor cells.~ ,~ here was a strain difference in response to this
mitogen that was dependent~~~~n the tumor cell load and time after tumor cell en-
graftment. Tritiated thymidin\incorporation into splenic lymphocytes stimulated
with lipopolysaccharide was inci~~ sed in all mice engrafted with tumor cells.
There was a difference in mouse sl~çain responses to Iipopolysaccharide, but no
differences were associated with the various tumor cell doses and times after en-
graftment. The number of colony forming units—spleen was marginally increased
and was dependent upon the dose and time of tumor cell administration and the
mouse strain engrafted. Colony forming unit-culture growth of spleen cells ob-
tam ed from tumor cell engrafted mice was increased at all time intervals and
tumor cell doses tested. Generally, the colony forming unit-culture growth of the
spleen cells of both mouse strains injected with tumor cells increased as the
tumor cell dose and time increased. In conclusion , myelocytopoietic and lympho —
cytopoietic changes observed In the spleni c cell populations of mice engrafted
with the Lewis lung carcinoma were dependent on (1) initial tumor cell load,
(2) tIme after engraftment with tumor cells and (3) engrafted mouse strain. The
data support the contention that investigators using 3LL transplantable carcinoma
systems desi gned to evaluate curability of pri mary tumors and/or lung metasta si s
by either chemotherapy, radiotherapy, or adoptive immunotherapy should consider
the above observations when Interpreting thei r data.
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INTRODUCTION

Tumor associated changes in hematocytopoietic organs have been found in

humans and animals bearing certain solid tumors even though their malignancy

does not directly involve such tissues. 7, 10 , 12, 16, 18 The altered hematocyto-
poiesis can take the form of a leukemoid reaction which is characterized by
granulocytosis and splenomegaly 8 and increased numbers of spleni c and soft agar

colonies derived from either the spleen or the bone marrow. 3, 13, 22 , 23 In addi-
tion , the reactivity of splenic cells to nonspecific mitogeni c stimulation may be
reduced in mice bearing various solid transplantable tumors. 11, 15

In mice bearing certain transplantable tumors , the spleen undergoes en-

largement and thus becomes a focus of attention for investigations dealing largely

with the immune responses of cells from that organ. To date , no studies have
been reported whereby simultaneous examinations for lymphocytic and myelo-

cytic proliferation were done. Such analyses would be expected to provide (1)

insight into tumor associated hematopoietic disturbances and (21 better inter-
- • pretation of hematopoietic dysfunctions observed in animals subjected to either

radiation , chemical , or immunologic manipulative procedures designed to erad-

icate the malignancy.

in thi s laboratory, spleni c enlargement was observed in mice bearing the
Lewis lung (3LL) carcinoma . Thus , based upon this observation and that of

others , 7,8 , 12, 16, 18 it was hypothesized that profound simultaneous alterations

in lymphocytopolesis and myelocytopoiesis would be observed in spleen cells

derived from mice bearing the 3LL tumor. We observed simultaneous (1) de-

• creases in lymphocyte responsiveness to phytohemagglutini n, (2) increases
in lymphocyte responsiveness to lipopolysaccharide and (3) increased numbers

of colonies formed on the spleen and in soft agar. Initial dose of tumor cells ,

time of spleen cell analysis after injection with tumor cells , mouse strai n and

replicate were significant factors (in varying degrees) which i nfluenced the ex-

perimental data.

5 
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MATERIALS AND METHODS

Mice. C57BL/6 (H_2b) and (C5IBL/6 x CBA) Fl hybrid (H_2b x H_2 k),

henceforth B6CBFI , mice were obtained from Cumberland View Farms, Clinton ,

Tennessee. All mice used in thi s work were males, 8-12 weeks of age. The

animals were maintained on a 6 a. m. to 6 p. m. light — dark cycle in filter

covered cages. Doting the light portion of the cycle, mice were exposed to 75-

100 foot-candIes of illumination. Wayne Lab-Blox and aci dified (pH 2. 5) water

were available ad libitum. All mice were acclimated to laboratory conditions

for 2 weeks. During this time they were quarantined until they were certified

free of lesions of murine pneumonia complex and of oropharyngea l Pseudomonas

spp.

Tumor. The Lewis lung (3LL) carcinoma , a metastatic tumor which arose

spontaneously in the pulmonary tissues of a C57BL/6 mouse,3° was received

from the Na-NIH in its 86th sc passage in C57BL/6 male mice. In the work re-

ported here, tumor cells were derived from the 4th-l2th sc passage maintained

in C57BL/6 male mice at thi s Institute. For routine passage, viable tumor tis-

sue was homogenized and 0.2 ml of a 10 percent (v/vl concentration of cells in

Roswell Park Memorial Institut e (RPMI)-1640 medium was implanted sc. In ex-

periments where known numbers of viable tumor cells were needed, tumor tissue

was first passaged through a tiasue press into RPMI-1640. Cell clumps were

disrupted with a syringe fi tted with an 18- and then a 20-gauge needle. Debri s

and dead cells were removed by layering on 100 percent fetal calf serum (Gibco,

Long Island, New York) and centrifuged for 10 minutes at 750 x g. The cells

were resuspended, clumps allowed to settle out , and the suspension was layered

on 10-mi quantities of a Ficoli-Hypaque solution (2.4 parts of 9 percent Ficoil

400 (Pharmacia, Uppsala, Sweden) and 1 part of 34 percent Hypaque (sodium

Diatrizoate, Winthrop Laboratories , New York, New York)) in glass conical

tubes and centrifuged for 20 minutes at 1000 x g. The internatant layer of cells

was drawn off , washed in RPMI-1640, resuspended and counted. Viability was

90-99 percent as determined by exclusion of 0.1 percent trypan blue . All tumor

6 

~~~- -~~~~~~~~~~~~~~~~~~ - - .~~~~~~ - _ - - - — - - --~~



cell preparations were free of bacterial contamination as determined by lack of

growth In thioglycollate broth.

Groups of C57BL/6 or B6CBFI mice were engrafted sc accordi ng to ex-

perimental needs either with i03, io~, 5 x l0~ or 2 x 1O5 viable 3LL cells.

Control groups of both mouse strains were injected sc with RPMI-1640 or 2

x 10~ 3LL cells given 2000 rads 60Co at 600 rads/minute. When examined at

necropsy, no tumor growth was observed In any of the mice engrafted with irra-

diated tumor cells at any of the time intervals.

Colony forming unit-spleen (CFU-s) assay. The CFU-s assay3’ was used

to determine the number of stem cells found in the spleen of normal and tumor

cell engrafted mice. This test was performed by the iv injection of groups of

6—8 irradiated mice each with 2 x i0~ spleen cells derived from tumor cell in-

jected mice or control treated animals. Endogenous spleen colony formation

was obviated by giving B6CBF1 mice 1000 rads and C57BL/6 mice 900 rads of

radiation at 40 rads/minute. Irradiated mice were engrafted with syn-

geneic spleen cells within 4 hours of irradiation. The spleens were removed 8

days later , fi xed In Bouin ’s solution for 2-4 hours and the surface colonies

counted independently by three individuals. The average number of cok,nies per

spleen was determined from the three counts. The number of CFU-s per 106

nucleated spleen cells was determined by multiplying the average num)’er of

nodules per spleen by the appropriate factor and then preparing a grand mean

from the adjusted values for each treatment group.

Colony forming unit-culture (CFU-c) assay. The CFU-c assay was used

to assay for granulocyte-macrophage progenitor cell population changes in the

spleens of mice injected with tumor cells or mice treated as controls. Briefly,

the technique consisted of a two-layer agar system using a firm 0. 5 percent nu-

trient agar underlayer containing colony stimulating activity (CSA) and an over-

layer of 0.3 percent nutrient agar containing 106 spleen cells per culture plate.

Extracts from the placentae and uteri of pregnant mice (PMUE) were used as

the source of CSA.5 The maximum CSA was observed with a 3. 3 percent

7
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concentration (v/v) of PMUE in culture medium plus agar. Approximately 100-

200 colonies/ 106 spleen cells derived from normal mice of either strain were

measured at thi s PMUE concentration. Three replicate plates were incubated

at 37°C in 5 percent CO2. Plates containing cells derived from the spleen were

counted for colonies (>50 cells) and clusters (< 50 cells) after 10 days of
incubation.

Mitogenic stimulation. The nonspecifi c thymus (T) and bone marrow (B)

derived lymphocyte responses of spleen cells were determined to see if spleni c

• enlargement in tumor cell injected mice was associated with changes in stimu-

lation responses to mitogens. T-lymphocyte function was estimated by culture

in the presence of 2. 5 ~g purified phytohemagglutinin (PHA-P , Wellcome Re-

agents Division, Research Triangle Park, North Carolina). B-lymphocyte func-

tion was ascertained by culture in the presence of 10 ~.tg Salmonella typhosa 0901

lipopolysaccharide (LPS, Dlfco, Dctroit , Michi gan). The quantities of mitogens

employed in the splenic cultures were not toxic as determined in dilution assays
varying in quantity from 0.5 to 10 ~sg of PHA and from I to 20 ~tg of LPS. One-
milliliter cultures containing 2 x 106 cells in RPMJ- 1640 medium were supple-

mented with 200 units of penicillin plus 200 ~~ streptomycin and 5 percent nor-

mal human serum (NHS) inactivated for 30 minutes at 56°C. All cell cultures

were Incubated in 5 percent CO2, at 37°C and harvested at 72 hours. All spleen

cultures were done In duplicate. One microcurie of tritiated thymidine (3H-TdR)

with a specifi c activity of 2. 0 Ci/mmole (New England Nuclear , Boston , Massa-

chusetts) was added to the cell cultures 18-20 hours before harvesting. Uni n-

corporated isotope was removed by two washes in 0.9 percent m e  and the
cells were precipitated with 5 percent trichioroacetic acid, solubilized in NCS

(Amersham/Searle Corporation, Chicago, Illinois) and counted for 1 minute in

10 ml of Spectrofluor (Amersham/Searle Corporation) cocktail. The data pre-

sented in the Tables are the counts per minute (CPM) of DNA-incorporated
3H-TdR minus the CPM of the background. The background CPM is defined as

the incorporation of 3H-TdR into cell cultures not stimulated with mitogens.

8
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Mic roscopy. Light microscopy was done on portions of the spleens of

normal or tumor cell engrafted mice to correlate histologic alterations with

those observations made in the cell assays. Histologi c techniques employed

were standard methods; staining was done on 5-pm thick sections with hema-

toxylin and eosin.

In the CFU -s assay , spleen colonies were identified as either erythrocytic ,

granulocytic or megakaryocytic. Splenic nodules were classified as mixed when

an equal proportion of erythrocytic and granulocytic elements was present or

when three or more megakaryocytes were found in a single section of either a

granulocytic or erythrocytic nodule.

Electron micrographs were prepared on a few tumors and spleens of

tumor-bearing mice to look for the presence of virus-like particles. These

tissues were fixed first in 2. 5 percent glutaraldehyde. The specimens were

trimmed to the appropriate size and additionally fixed in 2 percent osmium te-

troxide at 4°C for 2 hours. Dehydration was accomplished by serial passage

through increasing concentrations of ethanol . The material was embedded in

Epon , cut with a diamond knife , stained with uranyl acetate and lead citrate and

examined with a Siemena 1A electron microscope. Tissue preparations were

not digested to remove glycogen particles .

Statistical methods. The experiments were designed and carried out as a

three factor with two replicates array on each of the measured variates . The

analyses for all variates were done on tissue from the same groups of animals

so that comparisons and correlations between the quantities could be made under

identical conditions.

The main effects of time, dose and strain on CFU-s , CFU-c , CPM-PHA ,

CPM-LPS and spleen weight were examined using an analysis of variance29

computed with the multivarlat e analysis of variance (MA NOVA) program.6 The

combined effects of pairs of factors (interaction) were tested to determine, for

example , whether the tumor cell doses affected the two strains of mice similarly.

9
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The analysis of variance was used since it (I) has the advantage of pooling all of

the replicates to maximize the degrees of freedom in the “error ” term and (2)

permits the interactions to be tested.

The arithmetic of the analyses and the sign ificance tests was c~omputed

using the square root transformation since the data followed the Poisson distri-

bution in which the variances were proportional to the magnitude of the responses.

Thi s transformation stabilized the variances and made the data amenable to the

analysis of variance technique.

All main effects of time , tumor cell dose, mouse strain and replicate and

the two-factor interactions were tested for significance by pooling the hi gher

order interactions to form the error term. When either dose or time was found

significant for any variate , indi vidual comparis ns were ma de using the Student-

Newman-Keuls test. 29 Thus , it was possible to test for differences in spleen

cell responses derived from tumor cell injected mice with those responses ob-

lam ed from mice not given tumor cells or from mice given irradiated tumor

cells.
t The signifi cance level used throughout was c~ = . 01. This probability level

was used for making comparisons between main effects , interactions and individ-

ual responses.

R ESULTS

Tumor—cell titration. In order to determine the tumor cell doses to be

used in thi s investigation , a 3LL cell dose-tumor growth and mortality study was

done over a 60-day observation period with both C57BL/6 and B6CBF1 mice (Ta-

ble 1). Resistance to 3LL tumor growth was seen in B6CBF 1 mice. Thus , as

compared to B6CBF 1 mice (1) the numbers of C57BL/6 mice developing tumors

were greater , (2) the mean times to the first palpation of tumors were shorter

and (3) the mean survival times of animals dying with tumors were shorter. The

times of first tumor palpation ranged from 5-21 days and times of death from the

10
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Table 1. Tumor Incidence and Mortality In C57BL/6 and B6CBF1 Mice
Engrafted With Various Quantities of 3LL Carcinoma Cells

Ho,,. . 5tr. ~n I
Engraft.d~ ______________ _____________ __________ _______________ a6c~~1

~1So. 3LL eslis ?Lne (jay.) ot rime (da ys) of
an grafted int o $a. with t ,aor ~, fi r st ti~~Q: M.S.T.+S.E. No. with tumor~) first tumI ~r $.S.T.4S.E.

pile, no. •ngraf ted’ pa lpation ’ ( days) 4 no. sngraf ted’ palpation ’ (da ys) 4

1 a 10~ 2/20 11.0 • 0 24.0 • 1.6 0/20 — —
1 a t0~ 1/20 16.8 • 1.1 21.1 • 1.7 4/20 19.5 + 1.5 22.0 + 1.0

S 10~ 15/20 8.7 • 0.9 27.0 • 3.1 10/20 12.8 ± 0.5 33.4 + 6.5

2 a tO~ 15/15 7.1 • 0.7 20.5 + 2.4 19/20 6.9 4 0.9 28.0 + 4.3

2 a 10~ 0/20 — 0/20 — —
irradiated 5

0 0/10 — — 0/1.0 — —

*11 mice were engrafted cc with lewis Lung carcinoma cells derived from tumors 10 days Cf ter
implantation passage numbers 4 and 12 in CS7BL/6 g mice. Mice were palpated for tumors three
tines weekly starting 5 days after engraftment and continuing for 3 weeks thereafter .

2 Al l  tumors appeared between day s S and 21. Experimental mice were observed for tumors for 60
• days while control treated mice were ecamined for tumors for 30 days.

Mean time in days + standard error.

M.S.T. 4 0.8. — Mean survival time + standard error of mice dying with tumors.

Cells were given 2000 rads 60 Co at 600 reds/minute.

tumor ranged from 14-49 days. These measurements differed according to

mouse strain and tumor cell load and are reflected in Table 1 by the mean val-

ues. Mice treated as controls and given either RPMI-1640 or 2 x 10~ irradi-

ated 3LL cells did not develop tumors within the 60-day observation time. At

the time of Injection Into mice, 80-90 percent of the irradiated tumor cells ex-

cluded 0.2 percent t rypan blue dye.

Spleni c enlargement and histology. Splenic enlargement of the mice that

died from the tumor cell titration study was noted at necropsy. This phenom-

enon was investigated as a function of strain of mice, time and tumor cell dose

in additional groups of mice as Is recorded in Table 2. Two strains of mice

were employed since the tumor cell titration study supported the idea that

B6CBF1 mice were somewhat more resistant than C57BL/6 mice to the 3LL

carcinoma. Groups of these mice were injected with tumor cells, then sacri-

ficed and examined 3, 7 and 14 days after engraftnient to avoid morbidity from

11 A 
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Table 2. Splenic Weights From Two Replicates of C57BL/6 and B6CBF1 Mice
as a Function of Tumor Cell Thse  and Time After Engraftment 1

1Nuzsb.r of 3LL calls injected s.c. into mice Average spleni~ Average splenic weight
Days after — weight (rg) (mg ) per day per rep1icnt~

ngraftment with irradiated per day after
3LL tumor cells 0 2x105 1x104 5xi0~ 2x105 engraftment 1 2

77.5 ± 96.4 ± 91.9 ± 89.5 91.7 
~ 

89.4 ± 96.0 ± 82.8 ~

3 2 .6  5 . 4  2 . 1  6 .6  6 . 5  2 . 5  3 .1  2 . 5

(4) (4)  (4 )  (4)  (4)  (20)  ( l O j  (10)

80.1 ~ 106.0 ± 97.6 
~ 
101.0 114.1 

~ 
99.7 ± 101.8 ± 91.1 =

7 6.1 9.9 4 .9  5 .2  10.9 4 .0  5.5 4.9

(4 )  (4 )  ( 4 )  ( 4 )  ( 4 )  (20 )  ( 10) (10)

74.8 
~ 

173.2 ± 96.9 ± 150.8 235.1 
~ 

146.1 ± 145.0 ± ~~~~~ ~
14 5 .5  19.7 4 .8  14.5 6 .0  13.9 19 .8  20 .5

(4 )  (4 )  (4 )  (4 )  ( 4 )  ( 20 )  ( 10) ( 10)

17 .4 + 125.2 + 95 .5 ± 113.8 146.9 ± 116.3 ± 107.2 +
werage splenic — —

ieight (mg) per 2.7 12.4 2.3 9.4 19.4 7.7 3.6
.wnor—celt dose

(12) (12) (12) (12) (12) 
________________ • 

(30) (33)

1 Each number is a grand mean comprised of the average of the number of mean values listed in the
+ the standard error. Each individual mean value was based on neas1renents T’.~de or, the

splee~s of 3-5 mice. Portions of these spleen. were used to obtain the data presereed iii Dables
3—7.

- 
-~ excessive tumor growth and microbial complications. The tumor cell doses

were intentionally chosen such that mice would receive either (1) a tumor cell

load (2 x i05, 3LL cells) that produced tumors in nearly all injected mice or (2)

Intermediate tumor cell loads (1 x ~~~ and 5 x io~ , 3LL cells) that resulted in

growth characteristics that differed in the two mouse strains. Mice injected

either with 2 x i0~ irradiated 3LL cells or RPMT-1640 were used as controls.

The data presented in Table 2 are the average spleen weights from equal

numbers of C57BL/6 and B6CBF 1 mice treated as previously described. Spleni c

enlargement was seen in all mice injected with 3LL carcinoma cells . The de-

gree of enlargement was dependent upon the number of tumor cells injected in-

• to mice , the condition of the tumor cells (irradiated or nonirradiated) and the

time elapsed between engraftment and spleen weight measurement. Splenic
weights were significantly (p< . 01) greater at the 14-day time period than those

12



weights measured on day 3 and 7. The dependence of splenic enlargement upon

initial tumor cell load was strongly manifested by day 14. At tha t time the av-

erage spleen weights of all groups of mice injected with nonirradiated cells were

sIgnificantly different from each other (p< . 01).

The average spleen weight s of mice injected with tumor cells were signif-
-: Icantly different (p< . 01) in the two replicates reported in Table 2. There is no

explanation for this observation as factors such as animal husbandry, age, sex,
tumor cell preparation , etc. were similar. It should also be stated that the
spleni c weights depended upon the quantity of tumor cells engrafted into the mice
and not upon the time of first palpation or size of the tumors.

Spleni c enlargements in the two mouse strains were not significantly dif-
ferent (data array not presented) . However, in most instances the spleens of
B6CBF 1 mice were heavier than those of C57BL/6 mice.

Bright light and electron microscopic tissue examinations were done to
provide a possible explanation for sp lenic enlargement . Spleni c enlargement
was not associated with metastasis to the spleen because no lesions were seen
in over 100 tissue samples. Although increases in splenic cell numbers were
observed, these were not quantified because half of each spleen was used to pre-

pare the cell suspensions used in the tests presented elsewhere in this report.
The hypercellularity was predomi nantly a reticuloendothelialcytosis whose most
numerous elements were macrophages. Thi s was the most consistent finding in
the spleens of all mice and was most notable in the B6CBFI ani mals. Hyper-
plasia of the retlculoendothelial system increased over that of controls both as
a function of tumor cell load and time after engraftment . Lymphoi d hyperplasia
was found only in C57BL/6 mice engrafted with 2 x 1O5 nomrradiated 3LL cells.

Lymphocytosis was never seen in B6CBF 1 mice. Myeloid hypercellularity was
observed In both mouse strains. The most prominent myeloid activity was a
megakaryocytosis that reached its apex 7 days after engraftment with tumor
cells. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



Cellular proliferation in the spleens of mice engrafted with SLL cells did

not seem to be associated with any unusual viral replication. C-type virus par-

ticles were not found either in representative spleen samples from control

treated mice or from splenic or tumor tissue derived from mice engrafted with

3LL cells. Glycogen-like particles were observed in normal quantities In all

cell types of all tissues, but glycogen digestion was not done to unequivocally

substantiate the nature of thi s material.

Splemc myeloproliferative cells. Splenic myeloid proliferation was ob-

served in mice engrafted with 3LL cells as was previously mentioned. The

CFU-s assay was used to quantify the concentration of stem cells while the

CFU-c assay was used to determine the concentration of granulocyte-macrophage

progenitor cells. The data presented in Table 3 are the average number of

CFU-s per io6 spleen cells obtained from two replicates of B6CBF1 mice and

Table 3. Number of Splenic Colonies (CFU-s) Formed Per io6 Spleen Cells
From C57BL/6 and B6CBF 1 Mice From Combined Replicates as a
Function of Tumor Cell Dose and Time After Engraftment~

Number of 3).). cells injected s.c. in to mice Average n,~~~er Avega;e n~mber of Cpu-s
Days after — — .~~U S  per 106 sple.i er 10 spleen cells per st r ai

ngr aftment with irradiated cells per dsy of
31.). tumor cells 0 2xl0~ lx104 5xl0~ 2xl0~ engr sftment C57B 1/ 6 S6CBF1

3 25±42 32+2 22+2 30+3 27+3 27+1 27+4 27+1

( 3) (3 )  (3)  (3)  (3) (15) (5)  (10)

7 28+4 50+4 41+7 41+3 42+6 40+3 33+4 44+3

( 3) (3 )  (3) (3)  (3)  (15) (5)  (10)

14 32+2 29+4 37±2 43+5 38+5 36+2 28+2 39±2

( 3) (3 )  (3)  (3)  (3 )  (15) (5) (10)

Average n~m~ er 
—

co t)— . par j~ 6 28±2 38+4 33+3 38+3 36+3 29+1 37+2
spleen cells
per dose of (9) (9) (9) (9) (9) (15) (33)
ngrsf ted t tamr

cells

1 ms technique of deter mining th. numbe r of CPU—s per 106 spleen cells ii described in tbe Nst,ri sls and Nethcds .

2 Each number is a greed mean cumpr ised of the avera ge of the nun.der of mean values listed in the ( ) 
~ 

the
standard sr ror. Each individua l mean vslue was constructed f rum three estimates of 6—5 mou,e spleen .. The
cells for these essays were obtained f roe portio ns of the spleen. used to obtain the data presented in
Tab Les 2 .  4—7.
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one test done with C57BL/6 mice. With a few exceptions, it is observed that the
CFU-s concentration in spleen cells obtained from mice injected with 3LL cells
Is greater than controls. Thi s increase In concentration was signifi cant (p< . 01)
and appears to be dependent upon the initial tumor cell load, time of assay after
tumor cell Implantation and the strain of mouse injected with tumor cells. The
concentration of CFU-s per io6 spleen cells, with one exception, tended to be
the greatest on day 7 after engraftment with 3LL cells. The splenl c concentra-
tion of CFU-s was greater (p< . 01) in B6CBF1 than in C57BL/6 mice after in-
jec tion with 3LL cells. However , the percentage increases over control treated
C57BL/6 (22 ± 4 CFU-s/ 106) and B6CBF1 (31 * 4 CFU-s/106) mice were similar ,
as the CFU-s concentration increased 10-15 percent in each strain after trans-
plantation with 3LL cells.

Spleen colony histologic identification was done only on B6CBF1 mouse
spleens. Approximately three spleens per time interval per replicate per tumor

• cell dose (90 spleens with about 400 colonies) were examined. About 1 percent
of the colonies were diagnosed as being of mixed granulocytic-erythrocytj c com-
position. A ratio of three erythrocytic colonies for every granulocytic colony
was found for both control treated and tumor cell injected mice.

The data presented in Table 4 are the average number of CFU-c per 106

spleen cells obtained from unequal groups of C57BL/6 and B6CBF1 mice. The
CFtJ-c concentrat ion of spleen cells obtained from mice injected with 3LL cells
was increased over that observed for spleen cells from mice not given 3LL cells.
Successively higher 3LL tumor cell inocula resulted in progressively increased
numbers of CFU-c at each time interval tested. There was a tendency for the
CFTJ-c concentrations of spleen cells obtained from mice injected with the two
highest doses of tumor cells to Increase over tIme. The concentration of CFU-c

• in the spleens of B6CBF1 mice tended to be greater than that found in C57BL/6
mice. Cluster formation was found in culture plates seeded with cells obtained

- •  

from mice 2 weeks after injection with either of the highest number of tumor
cells. Cluster formation results from the limited proliferation of differentiated

15
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Table 4. Number of Soft Agar Colonies (CFU-c) Formed Per io6 Spleen Cells
From C57BL/6 and B6CBF 1 Mice From Combined Replicates as a
Function of Tumor Cell Dose and Time After Engraftment~

Days a ft s t  INumbe r of 3)1. cells injectid e.c . into sios Avera ge ni~~~.r Average n.~~~er of CPU—c
f~~’~ nt w I t h  f CPU—c per io6 splee Der 106 spl~~ n cells per etral

3~~. e~.or  cci La irrac ~~ ted calls p.r day of
_______________ 0 

__________ laiD Sx10~~~~~ 2~ 10~ engraft ..nt C5781/6 
______________

2 4 . 3 2 61+33 ~~±1 40+0 83±26 50+10 36±8 61+17

(2)  (2 )  (2) (1) (2) (9) (4) (5)

0+9 ~~±3l 31+13 60±32 51.40 51+12 61+15 00.26

(3)  (3) (3) (3) (3) (15) (5) (5)

~~ 
100±15 24+6 76±13 102+17 65+10 52±16 48±14

14
(4) (4) (4) (4) (4) (20) (5) (5)

~vcrage lumier
C~~ -c per 1O’~ 0.3 80±14 29±5 67.13 91.15 59+9 55+9
p leen cel ls per

Lowe of .ngra fte d (9) (9) (9) (9) (9) (19) (25)
~ciot cells ___________ _______ __________________ ___________ ______________

1.2 Footnote s fro. Table 3 apply to the data presented in Table 4.

Uncountabl. numbers of clusters were found at this cell does and tIme Sntsrval .

precursor cells. The cellular morphology of all colonies was of mononuclear ,

monocyte-macrophage type cells. No granulocytes were observed in any col-
onies at any stage of growth.

Splenic cell responses to mitogens. Hyperplasia of the splenic myeloid
cell compartment with some expansion of the lymphoi d cell system was seen in

mice injected with 3LL cells. Thus, It was hypothesized that increased splenic
cell proliferation would result In the increased incorporation of 3H-TdR In mito-
gen unstimulated cells as well as alterations in Isotope uptake of lymphocytes

stimulated either with PHA or LPS. Analyses for (1) naturally proliferating

cells (2) T-lymphocytes and (3) B-lymphocytes were done on spleen cell sam-

pies at the same time to test this hypothesis.

Presented in Table 5 are the average CPM of unstimulated spleen cell

cultures derived from equal numbers of C57BL/6 and B6CBF1 mice treated as

previously described. The average 311-TdR incorporation into the spleen cells

of all mice injected with 3LL cells was signi fi cantly Increased over that Isotope

16
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Table 5. Counts Per Minute (CPM) of Unsti mulated Spleen Cell Cultures From
Two Replicates of C57BL/6 and B6CBF1 Mice as a Function of Tumor
Cell Dose and Time After Engraftment 1

~~ ys af tur -_______ N~~~e r of ~LL cells ini.cted s .c .  into etc. Average CpN — 
Average CPH per

c~ra!teer .t with )rradie 1.d p r  day of 5,pUcate n.~~~.r
i1.  t umor cells 0 2xlO l.l0~ Sxl0~ 2s10~ .ngr aftaent 

1 2
16.546± 30 .619. 24 , 710+ 21, 718+ 23 ,937+ 23.506+ 22 ,133+ 24 ,879~

3 4 354 2 7 774 2.162 2 .153 7 .002 2.335 3.409 3.313

(4) (4) (4) (4) (4) (20) (10) (10)

4 , 726± 14. 508± 
~~~~~ 

15 .251± 13 .607+ 11.510+ 6 .785+ 16.235~

7 839 2. 941 3. 151 6 ,694 2 .900 1.825 998 2.847

(4)  ( 4) (4)  (4)  (4) (20) (10) (10)

5.03 1± 18. 710± 10.402+ 30 ,350+ 33.164+ 19.531+ 15.228+ 23.834

14 1,435 4,842 4.006 7.254 4 , 590 3. 150 3 , 164 5.270

(4) (4) (4)  (4) (4) (20) (10) (10)

—— 

8,768. 21.279+ 14.856± 22,440+ 23,506+ 14, 715± 21.649
.~v c r s4 e  CT’M

t - .j ra fted 2 , 181 3 ,645 2 .686 3. 571 3, 597 1, 923 2 ,315
t~—~ r—ce ll dog.

(12) (12) (12) (12) (12) (30) (30 )

1 tec1.nc que of cell culturing is deecribed in the Material. and Me thods .

2 Each n umbe r is a grand mean comprised of th~ average of the n umber of mean veluss listed in the ( ) 
~ 

the
st~..’ldard error . Each individua l mean valu e was construct ed fro, duplicate call cultures made frcs portiams
cC th. spleen, used to obtain th . data present ed in Table. 2 , 3, 4 6 and 7.

uptake measured for spleen cells taken from mice not injected with tumor cells.

Overall , the uptake of isotope was dependent upon the factors of time, dose of

tumor cells and replication. Generally, the isotopic uptake of mitogen unstim-

ulated cells reached (1) a nadir 7 days after the mice were injected with 3LL

cells and (2) Its hi ghest level at day 14 in mice injected with the two greatest

numbers of nonirradiated 3LL cells. The reason for the large differences in

isotope uptake between the two replicates on days 7 and 14 is not known.

The data presented in Table 5 support the contention that spleen cells from
mice injected with 3LL cells contain a significant component of replicating cells
capable of incorporating 3H-TdR without the addition of a mitogen. Consequently,
the uptake of Isotope due to mitogenic stimulation was corrected by subtracting

the appropriate “background” obtained from unstimulated cell cultures. The data

17 
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presented in Table 6 then are the corrected CPM of spleen cells incorporating
3H-TdR after P}IA stimulation. Overall , the PHA response of spleni c lympho-

cytes obtained from C57BL/6 and B6CBF1 mice injected with 3LL cells was less

than that of spleni c lymphocytes obtained from control treated mice. The uptake

of 3H-TdR by splenic lymphocytes was progressively decreased as the number of

3LL tumor cells injected into the mice was increased. The length of time

spleens were in a 3LL cell injected mouse had no significant effect upon the in-

corporation of 3H-TdR in PHA-stimulated T-lymphocytes. C57BL 16 mouse

splenic lymphocytes had a significsnt l y (p< . 01) reduced uptake of 3H-TdR after

PHA stimulation as compared to that ascertai ned for cells obtained from B6CBF1

mice.

The B-lymphocyte component of spleens obtained from mice injected with

3LL cells was Investigated simultaneously with that of the previously mentioned

T-lymphocyt e responses. The data presented in Table 7 as corrected CPM

Table 6. Counts Per Minute (CPM) of PHA-Stimulated Spleen Cell Cultures
From Combined Replicates of C57BL/6 and B6CBF1 Mice as a
Function of Tumor Cell Dose and Time After Engraftment1

‘)- ~ -2.,~r cI 3~.L cells in lnzted s.c. into mice f7 — verage cp,i per +tra ln
c .t o r  Average CPM
~t with Ir :ad~ ate4 per day oi

~LL r - , c r  cl) . ,  ) 2xl~~ ~~~~~ _5~~)34 2 x l05 L engrafurer .t 57B1/6 86C8F1

.34 .47 6+ 
~~~~~~~~ 

303. 1 37± 322. 721± 245 , 751+ 356 .099. 3 13 .85 5+ 399,323.

3 4i ,i~~~ 36 ,876 73, 725 55 ,923 65,637 32.038 34, 365 52,50 3

(4) (4) (4) (4) (4) I (20) (10) (10)

~ 94,3 2 3± 440 ,059± 404 .937+ 413 .655± 360,184+ 422 .632+ 77 .813± 467 , 451+

7 60.719 56 ,737 36,348 27 ,397 65,905 22 .972 32,604 26,808

(4) (4) (4) (4) (4) (20) (10) (10)

~
45 , 074± 38b .848± 480.648+ 401,993± 241 ,761± 404 ,64 4± 

~~~~~~~~ 
453,751+

14 38 ,335  59 , 294 50 , 107 44,977 39.614 29 .078 43.591 33 , 673

(4) (4) (4) (4) (4) 20) (10) (10)

-1—-- -. _ _ _  _ _ _

p12 , 924+ 401,089± 396 .241+ 
~~~~~~~~~ 

292 .S65f 49.068± 439,541+
Averag e CPN

per er .gr afted 26,360 28, 427 36,564 28,02 3 34 ,688 21. 282 22 . 530
tcrcr—c.ll doea I

(12) (12) (12) (12) (12) (30) (30)

Footnote. 1 m d  2 from Table 5 apply to th. data pre sented in Table 6.

18
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Table 7. Counts Per Minute (CPM) of LPS-Stimulated Spleen Cell Cultures
From Combined Replicates of C57BL/6 and B6CBF1 Mice as a
Function of Tumor Cell Dose and Time After Engraftment’
_~~ Jcober of 334. cell. ifliected s .c .  into mice — 

~v,r.9e cc et ra ir ,
Days af ter  Avera ge CPu

n gr afvairnt w~~t-~ Ir rad ia1ed per day of C573l/6 MQP13 33. tumor ce l l s  ~~~~~ 2x10 1x104 
— - 

Sz1O~ 2x10 •n9raftme nt __________ ________

153 . 220 .  51,64 1± 56.625. 56 ,179+ 42 ,661+ 52, 063+ 48,492. 55,634+

3 8, 712 2 8,088 7 ,534 6,014 12,089 3,655 4, 516 5.759

(4) (4) (4) (4)  (1) (20) (10) (10)

43 , 843, 55 . 336+ 50, 691+ 
~~~~~~ 

16 ,497+ 47 ,862+ 34,760+ 
~~~~~~

7 8, 855 11,98 3 17 ,332 12 ,256 13, 524 5,307 5, 232 7,307

(4) (4) (4) (4) (4) (20) (10) (10)

40, 73) .  u6 , 187+ 59 ,832± 69 , 703+ 43.376± 55.968± ~“~± 64, 186+

14 12 ,248 20 ,545 11, 750 23 , 541 10, 432 7 ,122 10,277 9, 670

( 4 )  (4)  (4)  ( 4) (4)  (20) ( 3 0 )  (10)

42.267± 57, 712+ 55 , 713± 44 ,952± 44,178± 43, 667+ 60,262+
?.vera ge ~~‘P1

per e r a f t + 4  5 . 488 7 , 800 6, 806 8,887 6 ,329 4,152 4, 365

~~~~~~~ -~ c1l 

j ( 12) (12) (12 )  (12) (12) (30) (30)

1 , 2  Footnote s 1 and 2 fr om Table 5 apply to the data presente d in Table 7.

support the contention that there is an increased B-lymphocyte response In mice

Injected with 3LL cells. The incorporations of 3H-TdR by LPS stimulated B-

lymphocytes derived from mice injected with different amount s of 3LL cells

were not significantly different from mice not injected with tumor cells. While

not statistically different it is of interest that the highest tumor cell dose resulted

in the smallest increase in 3H-TdR incorporation into LPS stimulated splemc

lymphocytes. There was, however, a significant difference (p< . 01) in LPS

stimulated lymphocyte incorporation of 3H-TdR between the two mouse strains.

That is , as In the case of the T-lymphocyte response, spleen cell cultures made

from B6CBF 1 mice incorporated more isotope than cultures made from C57BL/6

mice.
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DISCUSSION

The significant findings of this work include (1) the differential tumor

growth responses in mice engrafted with 3LL carcinoma cells, (2) hyperplasia

of splenic myeloid and reticuloendothelial elements resulting in splenomegaly,

(3) splenomegaly associated with greater concentrations of CFU-s and CFU-c

and (4) splenomegaly associated with a decreased response to PHA and a mar-

ginally increased response to LPS. In addition, all of the cell assay systems

employed to delineat e the 3LL-induced splenomegaly were dependent , to some

extent , upon (1) the initial dose of tumor cells , (2) time after engraftment when

the spleen cells were used for the assays, (3) strain of mouse injected with 3LL

cells and (41 experimental replication.

The differential tumor growth responses and splenomegaly responses in

C57BL/6 and B6CBF 1 mice were unexpected findings. A tempting explanation

for these observations , supported by our histologic findings of increased num-

bers of splenic macrophages in B6CBF1 mice, is that the 3LL cells provoked a

nonspecifi c host resistance to tumor growth. This explanation for resistance to

tumor growth is supported by the observations that (1) while spleni c macrophages

were increased in 3LL cell-injected C57BL/6 mice, their numbers were greater

in B6CBFI mIce, (2) large numbers of macrophages in the tumor area are pos-

itively correlated with a good prognosis after surgical extirpation4 and (3) agents

that stimulate macrophage reactivity may be useful as immunologic adjuvants.20

Splenomegaly in animals bearing transplantable nonhematogenous derived

tumors has been explained by several investigators as the result of microbial

complIcations. 2 ,8 ThIs conclusion is not supported by our observations since

(1) unusual viral activity was not observed, (2) cultures of spleen cells never re-

sulted in detectable bacterial growth, (3) ulceration of tumors was not seen dur-

ing the time period Investigated in this report , (4) injection of mice with sterile

irradiated 3LL cells resulted in splenomegaly and (5) splenomegaly was observed

in mice reared under axenic conditions and grafted with sterile preparations of a

transplantable myoepithelioma.12 
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It was not possible to estimate the total content of CFU-s and CFU-c in
the spleens of mice injected with 3LL cells because a portion of each spleen was
used for histologic evaluation. Nevertheless, increases in CFU-s and CFU-c
concent rations within the spleen of 3LL cell-injected mice were observed. A
number of factors operating either independently or together may account for the
increased CFU-s and CFU-c concentrations in the spleen. These include in-
creases due either to (1) stimulatory factors released by the 3LL cells, (2) re-
sponses to antigenic stimulation provided either by tumor cell debri s or possible
tumor specifi c anti gens (TSA) or (3) the migration or mobilization of such cells
from other hematopoietic tissues such as the bone marrow to the spleen. A
fourth tenable hypothesis is that the fraction (f) of CFU-s seeding in the spleen
of the irradiated assay mouse was altered.27’28 This hypothesis merits inve s-
tigation , since a number of substances known to perturb the total CFU-s com-
partment result in variations in the fraction of CFU-s capable of -seeding the
spleens of irradiated assay mice.2’ It is of interest to note that if thi s fraction
is lower for spleen cells derived from mice injected with 3LL cells than it is
for mice not injected with 3LL cells , the values presented in Table 3 are under-
estimates of the splenic CFU-s concentration. The fraction of CFU-c capable
of seeding on agar plates is assumed to be “100 percent” as such cells are not
able to be recultured.

An erythrocytic-granulocytic (EG) ratio of three was found for colonies
obtained from the cells of spleen derived from either control treated or 3LL
cell-injected mice. This ratio is commonly found in many mouse strains where
bone marrow cells are the source of the CFU-s.35 When normal spleen cells
are the source of the CFU-s , an EG ratio two to ten times greater than that for
marrow cells is observed.34 Because of similar EG ratios found for spleen
cells derived from either control treated or 3LL cell—injected mice, It is not
possible to state unequivocally that migration of CFU-s occurred from the mar-
row to the spleen.

21
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Hematocytopoletic alterations produced by certain tumor-related sub-

stances have been identified previously. A granulocytosis promoting factor was

Isolated from a transplantable mouse mammary tumor. 9 Colony stimulating fac-

tor (CSF), a substance capable of stimulating CFU-c growth , has been found in

the serum and urine of leukemic individuals.21 Identification of a somewhat

similar substance produced by 3LL tumor cells is a distinct possibility in light

of the data reported here.

Antigenic substances are known to increase the splenic numbers of CFU-s

— and CFU-c.19’26 Debri s from tumor cell destruction or tumor specifi c anti gens

then could provoke increases in these cell types. Recognition of the tumor cell

debri s could also explain the large number of macrophages seen in the spleens

of B6CBF1 mice injected with 3LL cells. In vitro sensitization of C57BL/6

lymphocytes to 3LL cells supports the contention that TSA are present on the

tumor cell membranes.33 In addition , the H_ 2b specificity of the original

C57BL/6 host mouse may be carried on 3LL tumor cell membranes.32 Thus,

the findings of others support the hypothesis that some form of antigenicity may

be responsible for a portion or all of the increased splenic concentrations of

CFIJ-s and CFU-c.

In mice injected with 3LL cells , spontaneous incorporation of 3H-TdR up

to six times that found in control treated animals was observed. It Is tempting

to ascribe these Increases to proliferation of cells within the myeloid cell corn-

partment. This Is supported by our findings of (1) histologic evidence of myeloid

cell proliferation, (2) the increases found in the concentrations of CFU-s and

CFU—c and (3) large numbers of clusters formed from spleen cells of 3LL cell-

injected mice that also had the highest spontaneous incorporation of 311-TdR

(Tables 4 and 5). The contribution of spontaneous isotopi c uptake into lympho-

cytes, proliferation of which could occur In response to tumor-cell associated

antigens, seems minimal &nce our histologic examinations did not reveal am-

plification of this cell compartment .
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Reductions in splenic celi—lymphoid cell responsiveness to PHA is a well-
known observation. The reduced splenic cell responsiveness to PHA observed

with cells obtained from mice injected with 3LL cells may be explained by any

one or all of the following considerations. These are (1) dIlution of the number

of lyrnphoid cells cultured by increased myeloid cell concentrations, (2) the

presence of cells or factors which inhibit T—lymphocyt e responsiveness and (3)

T-cell commitment to other antigens.

The data presented tn this report support the contention that myeloid cell
increases in the spleen cell cultures could result in decreased uptake of 3H-TdR
after PHA stimulation. It should be noted that while cell isotope counts were
corrected for background, which would include uptake in repli cating stem and
progenitor cells , some of these cells would be in a resting state. Increased
concentrations of such cells would then dilute the number of lymphocytes avail-
able to respond to PHA.

The histologic and CFU-c findings reported here of greater numbers and
commitment towards macrophage development support the idea that these cells
may be responsible for the reduced spleni c lymphoid cell uptake of 3H-TdR after
PHA stimulation. Indeed, it was recently reported that thymidine released from
cells degraded by macrophages may be responsible for suppression of 3H-TdR
incorporation after PHA stimulation.14’24 In addition , tumor cells are known
to release immune suppressive factors25 but we did not test for the presence of
such a material in our 3LL cell-injected mice.

Spleen cells, derived from C57BL/6 mice on days 3, 7 and 14 after in-

jection with the various numbers of 3LL cells used in this work , were capable

of inducing graft versus host disease (GVH D). Thus, all B6CBF1 mice irradi-

ated with 1000 rads and given 5 x io6 spleen cells from C57BL/6 mice treated

either as controls or given SLL cells died 8-14 days after transplantatIon. These

data tend to support the argument that in an in vivo assay, the T-lymphocytes
were immunologically capable of responding to transplantation antigens. Full

T-cell commitment to tumor cell associated antigens then does not appear to be
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an attractive explanation for reduced splenic cell responsiveness to PHA. 1 If

commitment to such antigens had developed, mortality from GVH D would have

been delayed past the 8- to 14-day survival times.

The splenic B-lymphocyte response to LPS in mice injected with 3LL cells

was marginally increased over that of control treated mice. This is contrasted

to the greatly enhanced spleni c cell response to LPS observed for mice bearing

methylcholanthrene (MCA) induced fibrosarcomas. 17 Possible explanations for

the differences In our data and that of the latter authors are (1) a different tumor

type was used, (2) the number of tumor cells used was 25-fold greater than that

used in our work and (3) spleen cells were obtained for testing 3-8 weeks after

inoculation with MCA-induced tumor cells.

In conclusion then , engraftment of mice with 3LL carcinoma cells pro-

duces splenomegaly. The splenomegaly is characterized by a reticuloendothelial-

cytosis, increases in the concentration of CFU-s and CFU-c , possible decreases

In lymphocyte responsiveness to PHA and marginal increases in lymphocyte re-

sponsiveness to LPS. These findings may be of value in experiments of a thera-

peutic nature designed to cure mice bearing the 3LL carcinoma.
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