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Anticancer activity of N- (phenylacetyl) doxorubicin combined
with folate-targeted PGA

ZHANG Qi, XIANG Guang-ya* , LONG Na, LIN lJia-liang, ZENG Fan-bo
(School o f Phamacy, Tongj Medical College o f Huazhong University o f Science and Technology, Wuhan 430030, China)

Abstract: Aim To demonstrate the specific killing of folate receptor ( FR) -positive tum or cells can
be achieved by folate-targeted penicillin-G amidase ( PGA) combined with its prodmg substrate N-
( phenylacetyl) doxombicin ( DOXP). Methods Folic acid was covalently linked to PGA and folate
content value was detem ined by quantitative UV spectrophotometry. The ability of folate conjugated PGA
to hydrolyze DOXP was measured by RP-HPLC. Visual demonstration of uptake by FR( +) HeLa and
SKOV3 cells was detected by using FITC labeled folate-PGA and a fluorscence microscopy. The
cytotoxicity of DOXP towards the cells in the presence or absence of folate-PGA was assayed by using MTT
method. Results The folate-PGA has a specific activity of 29.8 U+ mg ' ( protein). FR selectivity was
confimed by fluorescence microscopy. The combination of DOXP prodrmug with folate-PGA generated
higher cytotoxicity towards the FR( +) cells than free doxombicin. The IC,, was 0.72 Hmole L'
HeLa cells and 0.75 Mmols L'
reduced greatly with the addition of free folic acid. Conclusion Folate conjugattd PGA did not

for

for SKOV3 cells, mspectively. Further, the enhanced cytotoxicity

significantly comprom ise PGA catalytic activity and enabled binding prodmg-activating enzyme PGA to
folate receptor expressing cells, and increased the sensitivity of the cells to doxombicin followed by
adm inistration of its prodmug substrate.
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Figure 1 Chromatography of the folate-PGA conjugate
(A) and mechanical mixture ( B) on a sephadex G-25
column eluted with PBS buffer ( pH 7. 4)
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Figure2 Absorbance spectum of folate-PGA
conjugate ( A) and mechanical m ixture ( B)

, (1 mmols L")
A549 ,
3~4 -PGA
[ FR( +) ]

HeLa SKOV3

100 ]

80 -

4 Parent enzyme

60 m Conjugate enzyme

40

Doxorubicin peak area
(% initial)

20

1 1
0 20 40 60 80 100 120
¢/ min

Figure3 Enzymatic hydrolysis of 100 Hg* mL"'
DOXP by 50 Mg mL' PGA
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Table1 Cytotoxic effect of DOXP on HeLa, SKOV3
cells[ FR( +) ] and A549 cells[ FR( - ) ]

ICy, /Hmols L~

Sample

Hela SKOV3 A549
DOX 2.26 £0.29 2.45 +0.31 4.37 £0.25
DOXP 2.37£0.21 2.32£0.13 2.04 0.11
DOXP + PGA 2.12%0.28 1.99 £0.61 2.36 £0.37
DOXP + Folate-PGA 0.72 £0.24 0.75 £0.11 2.34 +0.35
DOXP + Folate-PGA + 1.92 £0.59 2.02 £0.17 -

Folic acid

Cells were treated with 0.28 Hge mL™' PGA or folate-PGA,
folate-PGA plus 1 mmol* L' folic acid for2 h at37 ‘C and
exposed to the produg DOXP. Subsequent cell growth was
measured by staining with MTT after a further72 h. In control
experiments, DOX and DOXP were directly incubated with
the cells in the absence of enzyme pretreatment Values
shown represent the x £s of data from three experiment
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Figure4 Fluorescent microscopy images of HeLa and SKOV3 cells incubated for4 h at37 C with PGA ( A),

folate-PGA ( B) and folate-PGA + 1 mmol® L'
and B. The concentrations of PGA were 20 Hg* mL™'
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