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   Bestatin enhanced the antitumor effects of mitomycin C, 5-fluorouracil and cis-dichlorodi-
ammineplatinum against a syngeneic solid tumor of colon adenocarcinoma 26 in BALB/c mice. 
The enhancement was dependent on administration schedule. Bestatin administration after 
treatment with the cytotoxic agents was more effective than that made before the treatment.

    Bestatin1) , N-[(2S,3R)-3-amino-2-hydroxy-4-phenylbutanoyl]-L-leucine, has low toxicity2), inhibits 

aminopeptidases3), binds to cell surfaces4,5), enhances immune responses6~8) and exhibits antitumor ef-

fect against mouse tumors7,9~11). The effect of bestatin on the immune responses of mice and human has 

been studied in more detail12~16) We here report the results obtained after examination of the effect 

of bestatin in enhancing the antitumor effects of cytotoxic agents such as mitomycin C, 5-fluorouracil 

and cis-dichlorodiammineplatinum. 

                             Materials and Methods 

   Female BALB/c mice of 9 to 10 weeks old were purchased from Charles River Japan Inc. They 
were kept in a Sanki Kogeisha Isolack and cages, feed and other items were sterilized before use. The 
following agents were dissolved and sterilized by passing through a Millipore filter: bestatin (Nippon 
Kayaku Co., Ltd.), mitomycin C (MMC; Kyowa Hakko Kogyo Co., Ltd.), 5-fluorouracil (5-FU; Kyowa 
Hakko Kogyo Co., Ltd.) and cis-dichlorodiammineplatinum (CDDP; Nippon Kayaku Co., Ltd.). 
   Colon adenocarcinoma 26 originally provided by Dr. TSUKAGOSHI of Cancer Chemotherapy Center, 
Japanese Foundation for Cancer Research, has been maintained by successive subcutaneous transplanta-
tion to BALB/c mice as described in the protocol of NCI, USA17). Hanks' balanced salt solution 

(0.1 ml) containing 1 x 105 viable colon adenocarcinoma 26 cells was subcutaneously injected to the 
lateral region of mouse abdomen. Each cytotoxic agent was intravenously administered once a day on 
the 7th and 8th days after injection of the tumor cells. On the 8th day tumor growth could be seen with 
the naked eye. Bestatin was orally administered (5 mg/kg) on days 1~6 or 9~14. 
   The efficacy of bestatin was evaluated by comparing the survival of bestatin-administered mice with 

that of non-administered mice. The antitumor effect of cytotoxic agents was similarly evaluated from 
survival of treated and non-treated mice. The results were expressed by % of T to C (T/C). T and C 
are mean survival days of bestatin or cytotoxic agent-treated mice and those of non-treated mice, re-
spectively. In these evaluations the maximum life prolongation period was fixed at 70 days which was 
about 3 times longer than the survival of the non-treated mice. 

                                    Results 

   Effective doses of the cytotoxic agents were determined in a preliminary study, and the following
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Fig. 1. Survival rate of colon adenocarcinoma 26-transplanted BALE/c mice treated with bestatin and 
   mitomycin C. 

      1, Saline or bestatin alone; 2, MMC (1.25 mg/kg) iv on day 7 and 8; 3, MMC and bestatin (5 mg/ 
   kg) po from days 1 to 6; 4, MMC and bestatin po from days 9 to 14.

Time after transplantation (days)

Fig. 2. Survival rate of colon adenocarcinoma 26-transplanted BALB/c mice treated with bestatin and 
   5-fluorouracil. 

      1, Saline or bestatin alone; 2, 5-FU (30 mg/kg) iv on day 7 and 8; 3, 5-FU and bestatin (5 mg/kg) 

   po from days 1 to 6; 4, 5-FU and bestatin po from days 9 to 14.

Time after transplantation (days)

Fig. 3. Survival rate of colon adenocarcinoma 26-transplanted BALB/c mice treated with bestatin and 
   cis-dichlorodiammineplatinum. 
      1, Saline or bestatin alone; 2, CDDP (1 mg/kg) iv on day 7 and 8; 3, CDDP and bestatin (5 

   mg/kg) po from days 1 to 6; 4, CDDP and bestatin po from days 9 to 14.

Time after transplantation (days)
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doses were used in the present study; 1.25 mg/kg for MMC, 30 mg/kg for 5-FU and 1 mg/kg for CDDP. 

The doses of MMC and 5-FU were each optimum dose and the CDDP dose was suboptimum one. As 

reported previously bestatin given at 1.5 to 15 mg/kg enhanced immune responses6,7,18). Bestatin was 

given here at 5 mg/kg. 

   Values of T/C obtained by treatment with each cytotoxic agent alone were 131 for MMC, 130 for 

5-FU and 116 for CDDP (Figs. 1, 2 and 3). No prolongation of survival of mice was observed for the 

group which received bestatin alone (data not shown). In the case of a combined treatment with MMC 
and bestatin, administration of bestatin on days 1 - 6 prior to MMC administration on the 7th and 8th 

days gave a T/C value of 153 (Fig. 1). In contrast, bestatin administration on days 9~14 after MMC 

administration brought about a remarkable prolongation of survival, giving a T/C value of 183. In 

addition, no tumor was detected in one of the 10 mice of the group. 

   In another combined treatment using 5-FU together with bestatin, a T/C value of 156 was obtained 

when bestatin was pre-administered on days 1~6, while T/C value was 171 when bestatin was post-

administered on days 9~14 (Fig. 2). Furthermore, no tumor could be detected in 3 of the 10 mice in 

the group where bestatin was post-administered. 

   In a combination of CDDP with bestatin, pre-administration of bestatin on days 1~6 resulted in a 

T/C value of 145 and post-administration on days 9~14 a T/C value of 163 (Fig. 3). Two of the 10 

bestatin-pre-administered mice and 3 of the 10 bestatin-post-administered mice were tumor-free. CDDP 

given here was at a suboptimum dose of 1 mg/kg as described above. CDDP optimum dose was 4 mg/ 

kg. When CDDP was administered at the optimum dose, CDDP alone gave a T/C value of 192. Pre-

and post-administration of bestatin in combination with CDDP gave T/C values of 216 and 210, re-

spectively and these T/C values were not significantly more than that (192) obtained with CDDP alone. 

Conclusively, bestatin was effective at the suboptimum dose rather than the optimum dose in the com-

bined treatment with CDDP. The dose range of CDDP for exhibition of antitumor activity was 

relatively close to that of toxicity and care must be taken for avoiding the toxicity in application of 

CDDP19,20). Taking the above results into consideration the combination of CDDP with bestatin may 

be a procedure to more safely apply CDDP because bestatin had much less toxicity than CDDP2). 

                                   Discussion 

   As previously reported9), when a small number of cells (1 x 104) of colon adenocarcinoma 26 was 
subcutaneously transplanted in mice, bestatin inhibited the growth of the tumor and augmented cell-
mediated antitumor responses. However, bestatin did not inhibit the growth at all when a larger number 
of the tumor cells (l x 105) was transplanted. Thus, we here examined the effect of bestatin in its com-
bined treatment with a clinically useful antitumor agent against colon adenocarcinoma 26 transplanted 
in mice by 1 x 105 cells. As detailed above, bestatin was more efficacious in the combined treatment 
when administered after administration of an antitumor agent rather than before. These results suggest 
that bestatin shows a positive effect on the small number of remaining tumor cells after most of tumor 
cells are previously killed by action of pre-administered antitumor agents. 
   Bestatin restored the lowered immune responses of tumor-bearing mice12). Bestatin also increased 

cfu-c (colony forming unit culture) of the bone marrow stem cells. Particularly, enhancement of re-
covery of the bone marrow functions of tumor-bearing mice was brought about by bestatin administra-
tion even when chemotherapy had been applied to the mice"'. Taking these facts into consideration, 
bestatin may be considered to exhibit combination efficacy against colon adenocarcinoma 26 by restoring 
bone marrow function and exhibiting host-mediated antitumor activity.
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