
phosphatidylserine detection) and then treated with rhodamine
(Rho)-labeled (38) D-K6L9 showed colocalization of the red rhodamine
and the green Annexin V-FITC fluorescence at 37jC (yielding yellow
fluorescence; Fig. 5B). D-K6L9 was exclusively associated with the
phosphatidylserine on the cell membrane (Fig. 5C) because there
was no intracellular signal, indicating no detectable peptide
internalization either into the cytosol or into the nucleus of the cell.
Similar results were obtained for 22RV1 prostate carcinoma andMB-
231 breast cancer cells (data not shown). Note that labeling the
peptide with either NBD or Rho did not affect its antitumor activity.

D-K6L9 triggers necrosis via membrane depolarization. We
treated CL1 (or 22RV1) prostate carcinoma cells (Fig. 6A) or 3T3
fibroblasts (Fig. 6B) with D-K6L9 or with the proapoptotic
doxorubicin drug, followed by staining with FITC-Annexin V and
propidium iodide. FITC-Annexin V binds exclusively to phospha-
tidylserine, which is exposed on the outer leaflet of the plasma
membrane of cells in the initial stages of apoptosis, whereas
propidium iodide preferentially stains the nucleus of necrotic cells
with impaired membranes. Figure 6A (right) shows that treatment
of prostate carcinoma cells with D-K6L9 induced necrosis (both
Annexin V and propidium iodide positive). In contrast, doxorubicin
induced only an apoptotic effect against the same cells (Annexin V
positive, propidium iodide negative; data not shown). A similar

apoptotic effect was observed with doxorubicin against the 3T3
fibroblasts (Annexin V positive, propidium iodide negative; Fig. 6B,
right). Note that untreated prostate carcinoma cells (Fig. 6A, left)
were richer in membrane-exposed phosphatidylserine as compared
with untreated normal fibroblast cells (Fig. 6B, left).
To examine whether the necrotic effect results from the

disruption of the cytoplasmic membrane, we used diS-C3-5
staining, which only stains cells with polarized cytoplasmic
membranes. As shown in Fig. 6C , treatment with D-K6L9 (right)
caused a shift in the fluorescence profile to more red (dead cells)
and less blue (depolarized membranes), showing that the cancer
cell death as a result of D-K6L9 treatment was due to membrane
depolarization. In contrast, the control 12-amino-acid analogue
(13) was inactive in this experiment (Fig. 6D, left). These results
were obtained for CL1 prostate carcinoma, 22RV1 prostate
carcinoma, and MB-231 breast cancer cells (shown only for CL1).
All together, these data suggest that D-K6L9 induces necrosis by
damaging the cytoplasmic membrane of these cancer cells.

Discussion

We showed for the first time that a short membrane-active
peptide carries two functions: it recognizes and lyses cancer cells of

Figure 3. In vivo fluorescence imaging detecting the inhibition of
orthotopic human breast RFP-MDA-MB-231 tumor growth in
SCID/NCr female mice during i.v. treatment with 5 mg/kg of D-K6L9
(total of nine injections, thrice a week). A, tumor growth curve
during treatment with D-K6L9 (.) or vehicle control (o). B, average
fluorescence area (FSD) in the RFP-MB-231 tumor regions as a
function of time after the start of treatment with D-K6L9. n = 10
animals. P = 0.001, t test. Bars, SD. Arrow, first injection of
peptide (A and B). C, in vivo whole-body fluorescence imaging of
mice bearing human breast RFP-MB-231 tumors in D-K6L9-treated
(bottom ) and untreated (top ) mice. Bar, 2 cm. D, in vivo
whole-body stereomicroscope fluorescence imaging of
micrometastases in the lymph nodes in mice bearing human
breast RFP-MB-231 tumor xenografts untreated (top ) and treated
with D-K6L9 (bottom ). C and D, pictures at day 45 after
implantation. Bar, 1 cm.
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