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The synthetic lethal interaction was observed in most cell lines
tested (35 of 43 lines; table S1, selected lines shown in Fig. 1B, with
corresponding metformin titrations in fig. S1A), representing a
broad range of histotypes. Notably, some cell lines are nonrespon-
sive to the treatment (Fig. 1C), indicating that the effect is not due
to indiscriminate toxicity generated by the drug combination but
is selective.

The efficacy of the metformin-syrosingopine combination was
tested on ex vivo primary leukemic cells. These cells have limited pro-
liferation and survival in vitro but, nonetheless, provide an opportu-
nity to test drug efficacy on clinically derived material (22, 23).
Peripheral blasts were obtained from 15 leukemia patients [14 acute
myeloid leukemia (AML) and 1 chronic myeloid leukemia (CML) pa-
tients] undergoing blast crisis. Individual patient-derived primary
cells showed a wide range of sensitivity to metformin (fig. S2, A and
B). Titration of syrosingopine in the presence of 5 mM metformin in
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12 samples showed synergistic cell killing in all cases (Fig. 1D and fig.
S3A). Blast cells from 3 patients were metformin-sensitive compared
to the previous 12 patients (fig. S2B), but in one case (AML8124), it
was still possible to perform a cotitration with syrosingopine at a lower
metformin concentration (2.5 mM). This also turned out to be respon-
sive to the drug combination (fig. S3A). Thus, all primary leukemic
cells tested (13 of 13) responded to syrosingopine-metformin treat-
ment. Peripheral blood cells from healthy blood donors were in-
sensitive to metformin and to syrosingopine-metformin treatment
(Fig. 1D and fig. S3B). Two nontransformed cell lines generated from
primary human skin fibroblasts, Fib3 and Fib4, were also nonrespon-
sive to the drug combination, suggesting that the effect is specific to
transformed cells (fig. S3C).

The mode of cell death occurred via induction of apoptosis, as
measured by annexin V staining, an early apoptotic marker, with first
indications of cell death observed by 20 hours after treatment (Fig. 1E).
Fig. 1. Synthetic lethality between syrosingopine and metformin. (A) Proliferation assay of murine 6.5 cells titrated with increasing amounts of syrosingopine (S)
alone and in the presence of 4 mM metformin (S+M). (B and C) Similar titration in various human cancer cell lines: HL60 (promyelocytic leukemia), OPM2 (multiple
myeloma), and HT1080 (fibrosarcoma). (D) Titration of ex vivo human leukemic blasts (AML7991) and similar titration with peripheral blood cells (PBC1) from a healthy
donor. (E) Annexin V staining for apoptotic cells was performed on HL60 cells after 20 hours of treatment with syrosingopine (Syro; 5 mM), metformin (Met; 5 mM), or in
combination. Viable cells are in the lower left quadrant, and early apoptotic and late apoptotic cells are in the lower right and upper right quadrants, respectively.
Bottom: Phase-contrast microscopy of the same cells. Ctrl, control. (F) Fluorescence-activated cell sorting (FACS) profile of annexin V–stained CML7359 leukemic blast
cells treated for 60 hours with syrosingopine (5 mM), metformin (5 mM), and in combination (S+M). The cells were also treated with staurosporine (Stauro; 1 mM) as a
positive control (Con) for apoptosis.
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