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Abstract Either folic or folinic acid enhanced the anti-essential for lymphocyte functions such as maturation. In
metastatic activity of recombinant murine interferdn interferon-stimulated lymphocytes, DNA synthesis and the
(rMulFNP) toward highly metastatic colon carcinoma 2@ell cycle occur. Interferons induce extrathymic GDR

(Co 26Lu). Folinic acid administered with rMulfB\mark- lymphocyte production in athymic nude mice [8]. Folic
edly increased asialoGMCD4+ and asialoGMiCD8* acid is required for maintaining nucleotide precursor pools
T cell production in the peritoneal cavity but not in thend DNA synthesis. 5,10-Methylenetetrahydrofolate is pro-
thymus and spleen. Peritoneal cells expressed killing actduced from folic acid and a cofactor needed to produce the
ity toward Co 26Lu cells in vitro. In athymic nude mice, thective one-carbon unit for purines and pyrimidines. Folinic
above combination produced many asialoGRD4+ and acid (leucovorin), an external source of 5,10-methylenete-
few asialoGM1CD8t T cells in the peritoneal cavity, buttrahydrofolate, strongly stimulates progenitor cells circulat-
did not decrease lung metastatic colonies. Asiéig in peripheral blood even after chemotherapy [5]. Folic
loGM1+CD4+ T cells would thus appear to have no oand folinic acids may promote the synthesis of DNA in
only very weak killing activity toward these tumor cellsinterferon-stimulated lymphocytes. In this study, the effects
The antimetastatic activity of folinic acid with rMulHN of folic and folinic acids on the induction of lymphocyte
was significantly decreased with anti-asialoGM1 and anfiroduction and antitumor activity of rMulHN were
CD8 antibodies. Inactivated CB&nd asialoGM1 cells examined, using the highly metastatic potential colon
cease to have killing activity toward Co 26Lu cells asarcinoma 26 established at this laboratory.

shown by Winn’s assay. AsialoGMCD8* cell production
was markedly induced in the peritoneal cavity by treatment
with rMulFNQB and folinic acid. AsialoGM1CD8+ T cells
may be inhibiting lung metastasis of Co 26Lu. Folinic aci
and interferon are used in combination therapy witklice

5-.fluo_rouraC|I for blochemlcal modulation. Folinic aCIdBALB/C athymic nude and euthymic BALB/c mice, 5 weeks old, were
with interferon, as adjuvant therapy, may promote th@tained from Charles River Japan (Atsugi, Japan) and maintained

induction of CD8 T cell production with consequentunder specific-pathogen-free conditions at this laboratory. All experi-
prevention of metastasis. ments were initiated when the mice became 6 weeks old.

glaterials and methods

. . . - Tumor
Key words Colon carcinoma 26 Antimetastatic activity

. ini id . ; + Highly metastatic colon carcinoma 26 (Co 26Lug 10 cells/mouse),
Interferon- Folinic acid- AsialoGMICD8* T cells which was established by the authors [4], was implanted s.c. into the

right hind thigh of the mice.

Introduction Antibodies
. . - : nti-asialoGM1 rabbit serum was purchased from Wako Pure Chemi-
Interferons are glycoproteins with strong antiviral, Irnm"{(?alls (Osaka, Japan). Fluorescein-isothiocyanate (FITC)- or phycoery-

nomodulatory and antiproliferative effects [2] and ar@yrin-conjugated antibodies, anti-CD4 (RM.4-5), anti-CD8a (53.6.72)
and TcRip (H57-597), were obtained from PharMingen (San Diego,
Calif.).
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Tokyo. Folic acid was purchased from Sigma, Mo. rMufFN were suspended in diluted anti-CD8 antibody (1:50) or anti-asialoGM1
(1x10 IU/mouse), and folic (50 mg/kg) and folinic acids (50 orantibody (1:25) and allowed to stand at@ for 60 min. The cells were
100 mg/kg) were administered i.p. daily from days 10 to 27, five timghen washed twice, suspended in complement-containing medium (a
a week. Diluted anti-asialoGM1 antibody (1:8) or anti-CD8 antibodglilution of rabbit and guinea-pig complements, 1:15 and 1:10 respec-
(1:4) was injected i.p. (0.2 ml/mouse) on days 14 and 17 to mitwely) and incubated for 40 min at 3. The peritoneal cells were
administered rMulFI§ and folinic acid. then washed twice. Co 26Lu cells were adjusted tdl® cells/ml.

The longest ) and shortesth) diameters of the primary tumor Mixed lymphocytes and tumor cells were implanted s.c. in the mice.
were determined twice a week by caliper, and the volume wasimor weight was determined 14 days after tumor impantation.
calculated using the formulaak?/2 (mn®). All surviving animals
were killed on day 28. The lungs were removed, rinsed in 0.9%ata analysis

NaCl solution containing heparin and fixed for 1 or more days ilﬂh | fd btained at | in duoli d
acetone to determine the number of macroscopic lung metastases, '€ results were averages of data obtained at least in duplicate under
identical conditions. The Turkey-Kramer HSD test was carried out to

determine statistical significance of differences in tumor volume or

. . weight. The number of the lung metastases was evaluated by the
Lymphocytes and fluorescence-activated cell sorting (FACS) analysifann-whitneyU-test.

Lymphocytes were collected from the peritoneal cavity following daily
i.p. injections of rMulFNB (1x105 IU/mouse) and/or folinic acid
(50 mg/kg) for 6 days (five mice per group). The mice were sacrificé&es"“s

12 h after the final injection. An 8-ml sample of 0.9% saline solution . . . ) .
was injected ip. and, after gentle lavaging, the peritoneal caviffects of folic and folinic acids on the antimetastatic
contents of five mice were pooled, washed to remove cell debractivity of rMUlFNB in s.c. implanted Co 26Lu
suspended in 5 ml RPMI-1640 medium (10% Fetal bovine serum,

Immuno-Biological Laboratories, Fujioka, Japan) and stored on ice f :
flow-Cytometry assay, Rt a primary tumor volume of 100 méror more (day 14),

Immunofluorescent staining was conducted as described previo8NCroscopic metastasis in the lungs was noted in all
[8]. Briefly, the lymphocytes were allowed to react with anti-asiaanlmals. Many macroscopic lung metastatic nodules could
loGM1 antibody and, after being washed, with the second antibodye seen in all mice on day 25 in the untreated control and in

FITC-conjugated goat anti-[rabbit 1g(G+L)] at°€ for 30 min. This ; ; ini ; -
was followed by staining with anti-CD4-conjugated phycoerythrir‘%he groups treated with folic and folinic acid. Lung meta

(PE-anti-CD4) or PE-anti-CD8. For the other two-color staining§,t_atiC n_Odl:”? formgtion in rMuIFBI -tr(?ateq mice .W'as
FITC-anti-CD4 and PE-anti-Tai were useci. After being washed Slightly inhibited. With rMulFN3 plus folic acid or folinic
three times with RPMI-1640 medium, the stained cells were subjectadid (Table 1) metastases in the lungs markedly decreased
to two-color analysis by FACScan (Becton, Dickinson, Mountain We"bompared with the untreated contrd®<0.01) and treat-
Calif.). ment with rMulFN3  alone P<0.05); though rMulFIg

and folinic acid in combination significantly inhibited
Winn's assay tumor growth, this was not the case with rMulBNplus

folic acid. rMulFNB and folinic acid together at a high
The peritoneal cells in tumor-bearing BALB/c mice were harvestedose (100 mg/kg) showed a greater antimetastatic effect

12 h after the last injection of rMulHBl and folinic acid (six i ini i
injections). The unfractionated peritoneal cells were washed thrthan did rMulFN3 and folinic acid at a low dose (50 mg/

times in RPMI-1640 medium containing 10% Fetal bovine serum. ) in combmathn (Tab|e3)' . .
obtain nonadhering peritoneal cells, the unfractionated peritoneal cells In tumor-bearing athymic nude mice (BALB/c origin)
were incubated in a collagen-type-1-coated dish (Iwaki Glass, Tokygiven rMulFNB with folinic acid, tumor growth and the

for 1 h at 37°C. Cells remaining in the supernatant following thenmbers of lung metastatic nodules were the same as in the

second incubation were designated as nonadhering peritoneal cells.
pretreatment of peritoneal cells with anti-CD8 antibody and Low-To}-ﬁﬁ)lrreated control group (data not shown).

M rabbit complement (Cedarlane Laboratories Ltd.) or anti-asialoGM1 Folinic _aCid did not e_nhf_ince the cytotoxicity of
antibody and Low-Tox-M guinea-pig complement, the peritoneal celtMUlFNB in Co 26Lu cells in vitro (data not shown).

Table 1 Effects of recombinant murine interfergh(rMulFNp) and folic or folinic acid on lung metastatic nodules of Co 26Lu. Drugs were
administered i.p. daily from day 10 (five times a week). Tumor volumes were determined on day 24; lung metastases were counted on day 2

Treatment No. of Tumor volume, No. of lung metastatic
mice meant SE (mn3) nodules/mouse median (range)
Folic acid
Untreated control 13 1127163 48 (13-80)
rMulFN (1x106 1U) 9 1315+206 29* (15-49)
Folic acid (50 mg/kg) 9 1176199 435 (25-84)
rMulFN + folic acid 10 938t 145 15.5%% *x* (12-35)
Folinic acid
Untreated control 9 1562131 44.5 (18-70)
rMulFNR (1x106 1U) 10 1559+ 143 22.5 (2-78)
Folinic acid (50 mg/kg) 10 1381151 37 (8-84)
rMulFNp + folinic acid 11 982t 153+ *** 12%* ( 0-50)

* P <0.05 compared with untreated control
** P <0.01 compared with untreated control
** P <0.05 compared with rMulFNl
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Table 2 Effects of rMulFN3 and folinic acid on asialoGM1CD4+ four mice were collected 12 h following the final injection. Values are
and asialoGM1CD8+ cell subpopulations in the peritoneal cavity ofmeans of two experiments. Rabbit and rat controls, which were stained
BALB/c mice. LV folinic acid (leucovorin), GM1 asialoGM1. by secondary fluorescein-isothiocyanate(FITC)-labeled goat anti-(rab-
rMuUlFNB (1x105 IU/mouse) and/or folinic acid (50 mg/kg) werebit Ig) antibodies and FITC-labeled anti-(rat Ig) antibodies respec-
administered i.p. daily from day 10 for 6 days. Peritoneal cells fromively, were less than 3%

Subsets Composition (%)

Tumor-bearing mice Nontumor-bearing mice

None rMulFN3 LV rMulFN B+LV rMulFN rMulFNB+LV
GM1+CD4+ 2.7 40.7 21.6 54.9 17.6 10.9
GM1+CD4- 3.8 38.7 41.8 30.7 42.3 33.8
GM1-CD4+ 19.5 2.9 35 31 3.0 14
GM1-CD4- 74.0 17.7 33.1 11.3 37.1 53.9
GM1+CD8* 3.3 15.0 8.9 29.8 7.7 4.6
GM1+CD8- 4.2 61.7 39.6 47.4 44.4 39.1
GM1-CD8* 13.9 0.6 0.6 0.9 0.6 0.5
GM1-CD8- 78.6 22.7 50.9 21.9 47.3 55.8

Table 3 Effects of anti-asialoGM1 and anti-CD8 antibodies on thep. daily on days 10-27 (five times a week). Anti-asialoGM1 (1:8,
formation of metastases by Co 26Lu cells treated with rMFd 0.2 ml) and anti-CD8 (1:4, 0.2 ml) antibodies were administered i.p.
folinic acid. Co 26Lu cells (¥10 cells) were injected s.c. on day 0.on days 14 and 17. Lung metastases were counted on day 25
rMulFNP (1x10° IU) and folinic acid (100 mg/kg) were administered

Group Treatment No. of No. of lung metastatic nodules/mouse
mice median (range)

1 Untreated control 14 37 ( 5- 65)

2 Anti-asialoGM1 antibody 13 35 (15-129)

3 Anti-CD8 antibody 13 46 (16—-126)

4 Anti-asialoGM1 antibody + anti CD8 antibody 6 56 (25— 73)

5 rMulFNB (1x106 IU) 10 19%1 (10— 46)

6 Folinic acid + rMulFN3 10 5.5%2 (1- 41)

7 Folinic acid + rMulFN3 + anti-asialoGM1 antibody 10 10.5* (13- 24

8 Folinic acid + rMulFN3 + anti-CD8 antibody 10 25 (14— 39)

9 Folinic acid + rMulFNB + anti-asialoGM1 antibody + anti-CD8 antibody 8 2535* (7- 42)

*1 P <0.05 compared with group 1 *4 P <0.01 andP <0.001 compared with groups 6 and 3 respectively

*2 P <0.001 and® <0.01 compared with groups 1 and 5 respectivel§> P <0.01 compared with groups 6 and 4
*3 P <0.001 and® <0.01 compared with groups 1 and 2 respectively

Induction of asialoGMiCD4+ and asialoGMACD8t T cell group receiving folinic acid alone (data not shown), and

production in the peritoneal cavity of athymic nude or few asialoGM1CD8* T cells were present.

BALB/c mice following i.p. rMulFN3 and folinic acid There were significantly more peritoneal cells in BALB/

injection ¢ mice treated with rMulFR and folinic acid together
than in the untreated control mice and those receiving

Most peritoneal cells following treatment with rMulBN folinic acid treatment R<0.01) or rMulFN3 (P <0.05)

were lymphocytes (more than 95%). A few macrophagémeant SE; untreated control: (220.2)x106 cells/

and neutrophils were present. The combination of rIM@BFNmMouse; folinic acid: (2.5:0.4)x106 cells/mouse;

and folinic acid markedly increased the number of largMulFNB: (4.9x0.9)x106 cells/mouse; rMulFi8 and

granular lymphocytes in the peritoneal cavity compared folinic acid: (7.2 1.3)x 106 cells/mouse]. In the peritoneal

the case with folinic acid alone. The peritoneal cells weravity cells, all forms of CD4and a few asialoGMACD8*

analyzed by FACS to determine the numbers of asieells were present.

loGM1+CD4+ and asialoGMACD8+ T cells. Lymphocytes  AsialoGM1*CD4+ and asialoGM1CD8* T cells

in the peritoneal cavity of athymic nude mice treated witincreased on treatment with rMulBNrMulFNB  with

rMulFNB were mainly asialoGMACD4+ TcRap* T cells folinic acid considerably induced asialoGMID4* and

(35% of all peritoneal cells), and a few asialoGMID8* asialoGM*CD8* T cell formation (Table 2). No marked

T cells. When rMulFN8 and folinic acid were administeredincrease in asialoGMLTD4+ or asialoGMXCD8* T cell

i.p. to Co-26Lu-bearing athymic nude mice, many mongroduction could be detected in the thymus or spleen

asialoGM*CD4+ T cells (44%) were produced in thefollowing treatment witn rMulFN® and folinic acid (data

peritoneal cavity than in the untreated control or in theot shown).
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Table 4 Growth of Co 26Lu cells attached to peritoneal cells treate@ffects of anti-asialoGM1 and anti-CD8 antibodies on the
with anti-CD8 or anti-asialoGM1 antibody and complement. IMUFN ayvtent of luna metasta followina rMulBN

and folinic acid were administered to Co 26Lu-bearing BALB/c micg def I.O. u g'd te a? SetS ollo 9 ulg

on days 7—-13. The mice were killed 12 h after last treatment to obtgH1d TOliNIC acid treatmen

peritoneal cells RC). Tumor cells were taken from untreated control

mice. The numbers of peritoneal cells and tumor cells werelDor rMulFNP with folinic acid in combination markedly in-

30x10° and 1x10F cells respectively. Tumor cells after combiningcreased antimetastatic activity. This activity was signifi-

with lymphocytes were implanted s.c. in new mice and the tumo - i
were excised on day 14 and weighed rabbit complementgC Eantly reduced by treatments with anti-asialoGM1 and/or

guinea-pig complement anti—CDBIantibodies (Table 3). AsialoGMl—po;itive and/or
CD8-positive cells would thus appear essential and effec-
Expt. Group  Treatment Treatment  tjye for inhibition of lung metastasis.
weight (g)
meanst SE
(n=4)
| 1 Co 26Lu cells 0.42+0.07 Winn's assay
(1x10 cells/mouse)
2 Co 26Lu cells + PC (1:10) 0.180.03"  Subcutaneously implanted Co 26Lu cellsx(® cells)
3 Co 26Lu cells + PC (1:10) +1C 0.150.052  greyy well in syngeneic BALB/c mice. An admixture of
4 Co 26Lu cells + PC (1:10) 0.31+0.02% Co 261 I d L oeri | cells f beari
+ anti-CD8 antibody + rC 0 u cells and total peritoneal cells from tumor-bearing
5 Co 26Lu cells + PC (1:30) 0.890.00%2 BALB/c mice treated with rMulFI8 and folinic acid at
6 Co 26Lu cells + PC (1:30) 0.39+0.04* 10:1 or 30:1 (peritoneal cells:tumor cells) significantly
+ anti-CD8 antibody + rC prevented tumor growth, as did nonadhering peritoneal
Il 7 Co 26Lu cells (16 cells/mouse)  0.520.09 cells. The results of adding unfractionated peritoneal cells
8 Co 26Lu cells + PC (1:10) 0.240.09 (10x 105 or 30x 106 cells), treated with anti-CD8 and anti-
9 Co 26Lu cells + PC (1:10) + gC 0.310.11 asialoGM1 antibodies and complement prior to being
10 Co 26Lu cells + PC (1:10) 0.51+0.11 ved with th s (%106 cell h )
+ anti-asialoGM1 antibody + gC mixed with the tumor cells ( cells), are shown in

- . Table 4. When CD8 and asialoGM1 populations were

e E 28'82 ggmpg:gg mﬂ g;gﬂpi eliminated from unfractionated peritoneal cells, there

“3 P <0.01 comgared with groug 3 ceased to be any activity toward tumor cells, as also

*4 P <0.01 compared with group 5 noted when CD8and asialoGM1 populations were elimi-
nated from nonadhering peritoneal cells (Table 5).

Table 5 Growth of Co 26Lu cells attached to nonadhering peritoneal_ i

cells treated with anti-CD8 or anti-asialoGM1 antibody and compl&®iscussion

ment. rMulFN3 and folinic acid were administered to Co 26Lu-bearing ) ) )

BALB/c mice on days 7—13. The mice were killed 12 h after the lasthe production and circulation of lymphocytes, both related
treatment to obtain peritoneal cellB@). The numbers of peritoneal to homeostasis of the host, are regulated by interferons and

cells and tumor cells were XA or 30x10° and 1x10° cells oiher cytokines. The thymus is the primary site for lym-
respectively. Tumor cells combined with lymphocytes were implante

s.c. in new mice and the tumors were excised on day 14 and weighBOCYte maturation. With aging, the thymus decreases in
rC rabbit complementgC guinea-pig complement size and cells become less functional. Other sites for

lymphocyte maturation may thus possibly develop as the

Expt. Group  Treatment W;gﬁ”(gm host defense system. Extrathymic CDdr CD8" T cells
meanst SE increase gradually in the spleen of healthy nude mice with
(n=4) aging [6, 7]. AsialoGM1CD8* and asialoGMiCD4+ T cell
| 1 Co 26Lu cells 0421007 for.mation was markedly induceq by rMuIFB\With. fplinic
(1x105 cells/mouse) acid or cytokines and a cytotoxic drug co-administered to
2 Co 26Lu cells + PC (1:10) 0.040.02% Co-26Lu-tumor-bearing BALB/c mice [3, 4]; marked anti-
3 Co 26Lu cells + PC + rC 0.190.05% metastatic activity was noted in all cases. Extrathymic T
4 E%rﬁ?éuD%egit;Lsd?/(}:réO) 0.24+0.11 cells in most cases are Tg& [9] or CD8" T cells as
5 Co 26Lu cells + PC (1:30) 0.60 lymphocyte-activated killer cell subsets [1]. Asia-
6 Co 26Lu cells + PC (1:30) 0.400 [oGM1+CD4+ T cells were markedly increased by rMulBN
+ anti-CD8 antibody + rC in athymic nude mice, but asialoGMID8* cells were not
1 7 Co 26Lu cells 0.51+0.02 [8]. rMuIFN[ with folic or folinic acid caused no signifi-
(1x105 cells/mouse) cant inhibition of metastatic colony formation in Co-26Lu-
g go ggtu Ce”S I Eg 8328 . %-Og-ggz bearing athymic nude mice lacking CD& cells. Asia-
(0} u cells : . .
10 Co 26Lu cells + PG (1-30) 9 0554 0.04% loGM1+CD4* T cells would thus appear to have no or only
+ anti-asialoGM1 antibody + gC very weak killing activity toward these tumor cells, though

O . the cells produced interleukin-2 (IL-2) and Ikds reported

o E 28'8? ggmgz:gg mﬂ g{gﬂgi previously [8]. Antimetastatic activity of rMulFBl and

*3 P <0.01 compared with group 8 or group 9 folinic acid in Co-26Lu-bearing BALB/c mice was pre-
a Results are means of two mice vented by anti-asialoGM1 and/or anti-CD8 antibodies, but
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not completely. In in vitro culture, folinic acid did notAcknowledgements This study was supported in part by a Grant-in-
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