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Fostriecin (), is a novel phosphate monoester produced by Essential acidic group interacting with dinuclear metal
. . . . center that mimics the substrate phosphate
Streptomyces puéraceus that displays antitumor activity (Figure Cattcal electm hile W bond o conserved Arg214
1)2 It entered NCI-sponsored clinical trials, but the studies were P

discontinued before dose-limiting toxicities or therapeutic plasma H')O3PO
levels were reached when concerns regarding storage stability -

surfaced Although early studies demonstrated tHatinhibits Thr subor Hvdronnobic tai b "'; role
topoisomerase Il (16 = 40uM),*its potency and cell cycle effects Mo mimic - snfbstmrgtg b'nﬁd?r%g site "
were inconsistent with this target of action. Recertlyas shown Proximal OH that mimics SuhslmlBThr _OH or
to inhibit the mitotic entry checkpoint through much more potent displaces active site bound water nucleophile
inhibition of protein phosphatase 2A (PP2AMoreover,1 was p12-p13 loop /~ fosriecin alkylation site (C269)
found to be the most selective PP inhibitor disclosed to date (PP2A/ BP2AQ N[VVTIFSAPNYCYRCGNQARTMEL] DDTLK-283
PP4 vs PP1 selectivity 10%).5-7 Consequently] or a more stable PPt TIVLIVWSAPNYCYRCGNVARILEL] DEHLO-280
. . . . . . . PP& K [LVTVWSAPNYCY‘RCGNIASIWF] KDVNT-279

derivative represents an ideal candidate with which to establish the

- . . . PP2Bo S[LITIFSAPNYLDVYNNEAAVLEY] ENNVM-35%
utility of this novel mechanism of action. PP7  K[VVIIFSASNYYEEGSNRGAYTKL] CSGTT-445

At the time that fostriecin’s therapeutic effects were emerging, PES R [CVIVFSAPNYCDOMGNKASYTHL] QGSDL-462
only its two-dimensional structure was knowhThus, we estab- FPlo.  Q[LVILFSAPNYSGEFDNAGAMMSY] DETLM-290
lished its stereochemistyand thereafter reported its first total microcystin alkylation site (C273)

synthesig? In a subsequent review of fostriecinye compared its Figure 1. Fostriecin and key elements of its PP activity.

structure with the pharmacophétéor nonselective PP1 inhibition 1 agiates prepared en routetand 14 or generated in efforts to
and modeled its binding to PP2A enlisting a homology m8&del  .hronicle the chemical behavior af(Scheme 1).

derived from PP1 X-ray structurés!* Conserved features of this The partial structuré5lacking the lactone was found to be 200-
pharmacophore presentlrinclude (1) a phosphate that binds the - fo|d |ess active tharl against PP2A and exhibited an analogous
active site metal ions, (2) a methyl group proximal to this acidic 130-fold loss in cytotoxic activity, but it was found to be only ca.
group proposed to mimic the substrate phosphothreonine methyl2_fold less active tha against PP1/PP5, Table 1. The saturated
group, and (3) an extended hydrophobic segment thought to mimic|actone 7 exhibited an identical 200-fold decrease in PP2A
the substrate hydrophobic residues (Figure 1). Fostriecin’s mostinhibition, indicating that this selective loss in activity may be
significant feature that does not correspond to the pharmacophoreattributed exclusively to the removal of the conjugated double bond.
is its unsaturated lactone. Our modeled fostrie@®P2A complex Greater 18-10* reductions in PP2A inhibition were observed with
placed theg12—313 loop C269 thiol within 2.5 A of the unsaturated  12—14, where a lactone cleavage provided neutral derivatives (ester
lactone-carbon (C3) at a trajectory poised for conjugate addition. or alcohol), whereas the free acifls-11, like 6, were even less
Thus, the unsaturated lactone emerged as a candidate source adctive (16—10° reduction).

the PP2A/4 inhibition selectivity and potency. Herein, we reporta  Consistent with the importance of the unsaturated lactone and
series of fostriecin derivatives designed to define the importance its potential alkylation of the PP2A C269 thiol, treatmentiafith

of the unsaturated lactone and confirm that of the phosphate EtSH (3 equiv) under mild conditions (KHGOTHF—H,0, 0°C,
monoester. Their evaluation established a fundamental role for the5 h, 77%) provided or 10 (K,CO;, THF—H,0, 0°C, 4 h, 99%),

unsaturated lactone, and the chemical behavidr igiplicates its Scheme 1> Analogous conjugate addition reactions were observed
participation in a reversible, conjugate addition reaction with an with MeOH as the nucleophile.
active site nucleophile including C269. Thus, the unsaturated lactone of fostriecin increases the PP2A

The derivative2—5, including the known dephosphofostriecin  inhibition roughly 200-fold, which potentially may be attributed
(2)3°and cyclic phosphodiesté® were examined to confirm the ~ to C269 alkylation within the variable PP12—/13 active site

importance of the phosphate, wheréasl5 were prepared to ex-  100p. Supporting this expectation is the observation that PP2A
plore the unsaturated lactone. Of the latter compounds, the saturate269S and C269F mutants are much less sensitive to fostriecin
lactone7, 15 lacking the entire lactone subunit, and diel were (>10-fold)*® This behavior ofl would be analogous to the PP
viewed as the key analogues. The remainder1(3) were inter- active site alkylation by microcystin-LR revealed in a cocrystal

X-ray with PP113 However, the addition of the PP1 C273 thiol to
*The Scripps Research Institute. the N-methyldehydroallani'n.e. residue of microgrystin-LR (V\{hiCh
* University of South Alabama College of Medicine. does not alter the PP inhibition potency) constitutes alkylation of
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Table 1. Protein Phosphatase? and Cytotoxic Activity? (ICso, «M)
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mé OH
compd PP2A PPL PPS L1210  L1210/CI-920
1 0.001¢0.0007) 50410f 70(33) 0.3 35
2 350 #100) >100 >100 20 35
3 2.9 (1.5) >100C >100 15 >50
4 3.2(*1.1) >100 >100 15 35
5 >100 >100 >100 >100 >100
6 73 (9) >100 >100 >25 >25
7 0.21 @&0.05) >100° >100 >50 >50
8 0.5 (*0.4) >100° >100 3 >25
9 >50 >100 >100 >50 >50
10 8.8 (2.5) >100° >100 >25 >25
11 >100 >100 >100 >25 >25
12 1.7 &0.2) >100 >100 >25 >25
13 2.0@28) >100 >100 >25  >25
14 2.1 (0.6) >10Cd 140 @&50¢ >100 >100
15 019002 =100  >100' 40 60

a Assays were conducted with native PP2A (rabbit musElehPP 1, 1°
and rhPP5 catalytic subunifsas detailed® P L1210/CI-920 is a L1210
cell line resistant td by virtue of an impaired folate transporter required
to import1.2° ¢ Also assayed with native PP1 (rabbit muscle) with identical
results®® 4 Enzyme inhibition at 100eM = 40—50%.

a nearby conserved Cys residue found in all PPs (except PP2B/7),

whereas that ofl occurs at C269 unique to PP2A/PP4/PP6
contributing to both its potency and selectivity (Figure 1).

As anticipated, but not yet disclosed, the phosphate proved to
be critical to phosphatase inhibition. Its removal wathesulted in
a 10-fold loss in PP2A inhibition, whereas its conversion to the
phosphodiester§ and 4 resulted in a 18fold loss in activity.
Acetylation of4 providing 57 resulted in a furthee50-fold loss
in PP2A inhibition, suggesting that the C11 alcdRalontributes
significantly to fostriecin’s potency. The studies also reveal that

two easily generated metabolites, dephosphofostrigdiar{d the
hydrolyzed lactoné, experience a ®efold loss in activity, sug-
gesting sites of modification that might enhance the in vivo efficacy.
Interestingly and despite its 200-fold loss in potendp, still
represents a remarkably potent and selective PP2A inhibitor. This
suggests that there are additional feature$ loéyond the unsatu-
rated lactone that contribute to its PP inhibition selectivity and that
15may serve as a lead for further optimization. Studies addressing
such issues and those that exploit the newly recognized origin of
the PP2A potency detailed herein are in progress and will be
reported in due course.
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