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New aﬁproach of cancer research; mitochondrial respiratory chain inhibitors as a
new therapeutic target.

Nakagawa, Takayuki

4,100,000

CHMp-5b
(MRCIs) MRCIs P CHMp-13a  AMPK
5b AMPK 60/G1
ATP (NAD)
MRCI NAD

The multi-drug screening showed the high sensitivity of a malignant clone of
canine mammary gland tumor (cMGT) cell line, CHMp-5b to mitochondrial respiratory chain inhibitors
(MRCIs). While Metformin, one of the MRCIs, exhibited its anti-tumor effect through AMPK pathway on low
sensitive clonal cell line, CHVWp-13a, it induced GO/G1l cell cycle arrest in AMPK-independent manner on
CHMp-5b. Cellular nicotinamide adenine dinucleotide (NAD) amount was decreased b% metformin which exerted
anti-proliferative effect, though the ATP amount was not changed. These results highlighted potential of
metformin as a novel treatment for cMGT as well as a novel NAD-dependent mechanism.
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Fig. 1. Gene expression analysis. (A) M-A
plot. (B) Gene expression heat map. (C-L)
RT-PCR validation for the selected genes.
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Fig. 2. Matrigel invasion assay. (A)
Captured images. (B) Number of matrigel
invading cells. (C, D) Aldefluor assay.
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Fig. 3.

Overview and result of the inhibitor
screen. (A) Diagram of the procedure. (B)
Results of the inhibitor screen.
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Fig. 4.

Cytotoxic effect of MRCIs. (A) Ccell
morphology. (B-D) Concentration response
curves for each MRCIs.
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Fig. 5.

Effect of MRCIs on cellular ATP production
and AMPK activation. (A-C) Cellular ATP

production. (D-F) Western blots.
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Fig. 6.

Cytotoxic effect of MRCIs in the presence
of the AMPK inhibitor Compound C.
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Fig. 1. In vitro and in vivo effect of
metformin on CMGT) cells. (A, B) Cell
viability assays. (C) Cell morphology. (D)
Concentration response curves. (E) Tumor
growth curves in xenograft models. (F)
Macroscopic appearance. (G) Tumor weight.
(H) Number of metastatic foci.
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Fig. 2. (A) Changes in cellular ATP. (B)
Western blot analysis of AMPK pathway. (C,
D) Effect of co-incubation with the AWPK
inhibitor, Compound C.
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Fig. 3. Effect of a metformin on gene
expression profile. (A) M-A plot. (B) Gene
ontology term-based enrichment analysis.
(C, D) Selected heat maps for DEGs.
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Fig. 4. Effect of a metformin exposure on
cell cycle regulation. (A) Western blot
analysis. (B) Representative result of
flow cytometric cell cycle analysis. (C,
D) Summary of the effect of metformin
treatment on the cell cycle.
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Fig.1. In vitro effect of metformin or
FK866 +/- external NAD. (A, B) Cell
viability. (C) Cell morphology. (D)
Protective effect of NAD.
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Fig.2. Effect of metformin or FK866 +/-
NAD on cell cycle. (A) Cell cycle analysis.
(B) Change in dividing cell population.
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Fig.3. Change in mitochondrial ATP
production.
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Fig.4. Change in cellular NAD(A) and
NADH(B) content by the treatment of NAD,
metformin, FK866 or their combination. (C)
NAD/NADH ratio.
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