





STABILITY OF VINCRISTINE COMPLEXES
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Chart 1. Isolation of [*H]VCR-cytosol complexes formed in HxRh18 tumors.
Cytosol (100,000 x g supermnatant) in Buffer A (2°) and containing protein
(5.6 mg/ml) was incubated with [*H]VCR (198 nm) for 15 min at 37° to steady
state. One mi of the mixture was eluted with Buffer A under gravity from a G-25
Sephadex (1.4 X 5 cm) gel filtration column. Fractions (0.5 ml) (0.5 min) were
collected, and and protein content were determined. @, protein (mg/
mi); O, protein-bound [*H]VCR (dpm); O, [‘H]VCR alone (dpm). The fiattened protein
peak is indicative of pooling of Fractions 6 to 8.
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Chart2. G-25 Sephadex filtration of [*H]VCR-cytosol mixtures in ileum. Cytosol

(100,000 x g supernatant) containing protein (10.8 mg/mi) was incubated for 15
min at 37° with [*H]VCR (78 nm) prior to gel filtration of a 1-mi sample. @, protein
(mg/mi); O, protein-bound [*H]VCR (dpm); O, [*H]VCR alone (dpm). The flattened
protein peak indicates the pooling of Fractions 6 to 8.

and 75.0%, respectively; for muscle, kidney, and liver, these
were lower, ranging from 43.9 to 53.2% for the studies pre-
sented. Retention of [*H]VCR alone was 1.9%. Complexes
formed from neoplastic and brain tissues were stable for at least
2h examined. In liver and kidney, however, [*H]VCR-cytosol
complexes were unstable, with t,, values of 36 and 38 min,
respectively. The complex formed in muscle cytosol also de-
clined, with a ty, of 150 min, the rate of loss being less than that
observed for liver and kidney. It was of note that the stability of
complexes in these tissues was also reflected in their filtration
efficiencies through DE-81 discs. Complexes formed with lung,
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Chart 3. Stability of [*H]VCR-protein complexes in neoplastic and normal tis-
sues. Cytosols (1.2 ml) prepared in Buffer A were incubated (37°, 15 min) with
[PH]VCR at a concentration of 185 to 271 nm. After isolation of protein-bound drug
by ge! filtration, complexes were incubated at 37°, and 60- to 80-ul aliquots were
fitered on DE-81 discs to determine the stability of each complex. Assays were
repeated at 30-min intervais over a 2-h period with 3 or 4 determinations at each
time point for each tissue. Results are the mean; bars, SD. @, HxRh18 tumors; O,
brain; W, liver; O, kidney; A, skeletal muscie. Cytosols derived from blood and ileum
ggr%formmplexesmatcwdbe-solatedbygelﬁnratxonaﬂermoubahonwm

JVCR

bone marrow, and spleen were also unstable, demonstrating t,
values during the first h of 36, 36, and 21 min, respectively (data
not shown).

Because the stability of [*°H]VCR-protein complexes formed in
different tissues varied so considerably, it was of interest to
determine whether cytosols from these tissues could destabilize
“stable complex” formed in HxRh18 cytosol. Protein-bound [*H]-
VCR was isolated from tumor cytosol and incubated in the
presence of cytosols derived from nonneoplastic tissues (Chart
4). In the presence of cytosol derived from skeletal muscle, brain,
bone marrow, spleen, and blood, the HxRh18-[*H]JVCR complex
was stable. However, when incubated with cytosols derived
from ileum and kidney (which formed unstable complexes), the
ty, values for the HxRh18-[*H]VCR complex were 25 and 32 min,
respectively. Liver cytosol also caused dissociation of tumor
complex (tw, = 132 min). Lung tissue, which formed an unstable
complex with [*H]VCR, also had an effect on the HxRh18-[*H]-
VCR complex (tv, = 236 min).

The half times for retention of [*H]VCR in vivo and for the
dissociation of protein-bound [°H]VCR complexes are shown in
Table 1. In liver, kidney, and skeletal muscle, where [*H]VCR-
cytosol complexes could be isolated, the latter demonstrated
shorter t,, values than the initial half-times observed for elimina-
tion of [*H]VCR from these tissues in vivo; however, in both
studies, the ty, values were in the order of skeletal muscie >
kidney > liver. [*H]VCR bound in HxRh18 tumors was stable
both in vitro and in vivo. The stability of complexes formed in
cytosols was therefore similar to the retention of [*H]VCR by
tissues in vivo. Kidney and ileal cytosols were capabile of reducing
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Chart4. Stability of [*H]VCR-cytosol complex derived from HxRh18 tumors in
the presence of cytosol prepared from normal tissues. [*H]VCR-HxRh18 compiex
prepared in cytosols and isolated by gel filtration was incubated at 37° in the
absence (@) or presence of cytosols derived from brain (O), liver (M), kidney (),
skeletal muscle (A), blood (A), and ileum (V). The amount of [PH]VCR-HxRh18
compilex remaining was determined at 30-min intervals over a 2-h period using the
DE-81 filter disc assay. Resuits represent the mean of 3 or 4 determinations for
each time point; bars, SD.

oL

Table 1
Half-times (tw) of [*H]VCR in vivo and of [*HVCR-cytosol complexes (min)
In vivo® In vitro®
ty, of [‘H}‘
VCR-HxRh18
complex in
twof [°H}-  the presence
VCR-cytosol  of normal tis-
Tissue tw® e complexes  sue Cytosols
HxRh18 14400 ND° Stable ND
Plasma 22 0.97 ND ND
Blood ND ND f Stable
lieum 100 0.96 f 25
Liver 74 0.96 36 132
Kidney 96 0.94 38 32
Skeletal muscle 576 1.00 150 Stable
Brain ND ND Stable Stable

® Tumor-bearing mice were given injections i.p. with [*HJVCR at a dose level of
3 mg/kg (data derived from Ref. 8).

5The stability of [*H]VCR-cytosol complexes was determined over a period of
2h.

¢ Initial ty, values were determined during the first 1 h for plasma, 2 to 4 h for
ileum, liver, and kidney, and over 48 h in skeletal muscle.

92 = correlation coefficient.

° ND, not determined.

! Complexes could not be isolated by gel fittration.

the stability of HxRh18-[°H]VCR complexes. This complex was
also unstable in the presence of liver cytosol, although the ty,
was longer. It was of interest that [*H]VCR was also rapidly
eliminated from ileal tissue in vivo.

The stability of protein-bound [*H]VCR in HxRh18 tumor cy-
tosols was examined in the presence of extracts from kidney
and ileum that had been heated to 100° for 3 min (Table 2). In
both instances, complexes were completely stable.

These results suggested that the [°H]JVCR-cytosol complex

derived from HxRh18 tumors may be induced to dissociate by a
soluble, heat-labile factor from ileum and kidney but not from
brain and muscle tissues. Consequently, the ability of these
tissue cytosols to degrade purified '*I-tubulin was examined.
Autoradiographs derived from the dried gels after overlaying with
photographic film are shown in Figs. 1 and 2. **I-Tubulin incu-
bated alone at 37° was stable. In the presence of brain and
skeletal muscle preparations, '?*I-tubulin was also stable. How-
ever, when the radiolabeled substrate was incubated with ileal
cytosol, there was a rapid degradation of the protein, effective
within the first 10 min. Low-molecular weight degradation prod-
ucts could be detected. These observations correlated with the
stability of HxRh18-[*H]VCR complexes in the presence of brain,
muscle, and ileal cytosols. After incubation of '?%|-tubulin with
kidney cytosol, however, no change in the molecular weight of
the substrate was detected, which was of interest, since kidney
preparations had been found to cause instability of the HxRh18-
[PH]VCR complex.

The ability of kidney cytosols to cause dissociation of protein-
bound [*H]VCR in HxRh18 cytosols due to metabolism of the
drug was examined (Chart 5). However, after 2 h of incubation
of cytosol with [PH]VCR at 37°, 85% of the drug remained in the
form of the parent compound. Degradation or dissociation of the
HxRh18-*"H]VCR complex could therefore not be explained on
the basis of drug metabolism.

DISCUSSION

in the mouse, pharmacokinetics of VCR have been character-
ized by rapid association of drug in normal tissues where tissue
levels greatly exceeded plasma levels (8). However, unlike neo-
plastic tissue, VCR was rapidly eliminated from normal tissues,
a factor that appeared not to be a consequence of drug metab-
olism. We (8) and others (11) have suggested that the basis for
therapeutic selectivity may be a consequence of selective reten-
tion of Vinca alkaloids in neoplastic tissues. However, the bio-
chemical basis for the differential retention in normal and neo-
plastic tissues remains to be elucidated. It is this aspect, the
failure of normal tissues to retain VCR, that we have addressed
in the current investigation.

The rapid elimination of [°H]VCR from ileum, kidney, liver, and
also skeletal muscle but not HxRh18 tumors in vivo suggested
the possibility that Vinca complexes in normal tissue cytosols
may not be formed or, if formed, they may be unstable. Indeed,
no complex could be isolated in ileal cytosols by gel filtration.
The half-times for dissociation of complexes formed in cytosols
derived from skeletal muscle, liver, and kidney correlated with
the order of ty, values for elimination of [P(H]VCR in these tissues
in vivo, although the values derived in cytosols were of shorter
duration. One possibility may be the utilization of lower concen-
trations of [*H]JVCR in in vitro studies (185 to 271 nm), in
comparison to the intracellular concentrations achieved in vivo
[17 uminileum, 1.5 um in skeletal muscle (Ref. 8)]. Thus, in vivo,
there would be a more rapid rate of reassociation of free [*H]-
VCR, giving a lower apparent rate of net dissociation of complex.
Brain tissue, which has been shown to possess a high affinity
for VCR (15), also formed a stable complex with the drug, as did
HxRh18 tumors.

Based upon in vitro studies, it was found that normal tissues
could be divided into 3 groups: (a) those that formed stable [*H}-
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Table 2
Incubation of cytosols from kidney and ileum after heat treatment with HxRh18-[>H]VCR complex
% of complex remaining”

Tissue cytosol 05h 1h 15h 2h
HxRh18-[*H]VCR complex 97.3+9.0° 1143+ 111 1138+ 136 1263+ 23
Complex + kidney 779+6.38 382+15 9.7+04 79+04
Complex + kidney + heat® 101.6 £ 11.9 922+94 89.1 + 10.4 849+ 8.0
Complex + ileum 399+27 174+ 21 94+05 69+ 1.1
Complex + ileum + heat® ND° 110.7 £ 9.5 ND 110.8 + 10.1

2 Results represent 3 or 4 determinations at each point.

® Mean + SD.

° Normal tissue cytosols were placed in a boiling water bath for 3 min.

9 ND, not determined.
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Fig. 1. Autoradiograph of the dried 12% polyacrylamide gel containing 0.1%
SDS showing '#I-tubulin after incubation at 37° in the absence or presence of
cytosols derived from kidney and skeletal muscle. Lanes 1 to 5, ***|-tubulin alone
at 0, 10, 20, 30, and 60 min; Lanes 6 to 9, ***I-tubulin + kidney at 10, 20, 30, and
60 min; Lanes 10 to 13, '*i-tubulin + skeletal muscle at 10, 20, 30, and 60 min.
Lane 15, molecular weight standards included myosin (M, 200,000), 5-galactosidase
(M. 116,250), phosphorylase B (M, 92,500), bovine serum albumin (M, 66,000),
ovalbumin (M, 45,000), carbonic anhydrase (M, 31,000), soybean trypsin inhibitor
(M, 21,500), and lysozyme (M, 14,400).
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Fig. 2. Autoradiograph from the gel showing **I-tubulin after incubation at 37°
in the absence or in the presence of cytosols derived from ileum and brain. Lanes
1 to 5, '*-tubulin alone at 0, 10, 20, 30, and 60 min; Lanes 6 to 9, ZI-tubulin +
ileum at 10, 20, 30, and 60 min; Lanes 10 to 13, '?}-tubulin + brain at 10, 20, 30,
and 60 min; Lane 15, molecular weight standards as described in the legend to
Fig. 1.

VCR-cytosol complexes and did not affect the stability of the
HxRh18-[*H]VCR complexes (brain); (b) tissues that formed
unstable drug-protein complexes and reduced the stability of the

HxRh18-*H]VCR complex (ileum, kidney, liver, lung); and (c)
those which formed unstable complexes but did not cause
dissociation of the [°H]JVCR-tumor complex (skeletal muscle,
spleen, bone marrow, blood).

Data obtained for Groups a and ¢ suggested that the affinity
of [*H]VCR for intracellular target sites may vary in different
tissues. For brain tissue (15) and HxRh18 tumors,* binding of
[*H]VCR to the high-affinity site has yielded apparent dissociation
constants in the order of 117 to 125 nm. Tenacious retention of
[*H]VCR by HxRh18 tumors has been demonstrated in situ. It is
also of interest that peripheral neurotoxicity is dose-limiting for
[PHIVCR in humans (25). It would be anticipated that binding
constants in skeletal muscle, spleen, and bone marrow would
be lower than these values, due to the formation of less stable
complexes. Binding affinities and, hence, stability of complexes
formed with [*H]VCR may depend upon the expression of tubulin
isoforms in these tissues, which is tissue-specific (26, 27), and
this possibility must be explored.

However, for Group b tissues, instability of the HxRh18-[°*H]-
VCR complex in the presence of normal tissue cytosols sug-
gested that other factors may be involved. Cytosols prepared
from kidney, ileum, and liver (8) did not metabolize the drug,
suggesting that [°H]VCR was not converted to a form which
could readily dissociate from the binding site. The factor in kidney
and ileal cytosols was found to be heat-labile (Table 2), and the
possibility that it may be enzymic was explored further. Rapid
degradation of purified '*|-tubulin, effective within 10 min of
incubation, was demonstrated with cytosols prepared from ileum
but not from brain or skeletal muscle. These findings correlated
with the stability of the HxRh18-[°*H]VCR complex in the pres-
ence of extracts of these tissues. For kidney, however, no shift
in the molecular weight of '*|-tubulin was detected on polyac-
rylamide-SDS gels.

Breakdown of tubulin derived from murine brain tissue after
incubation with ileal cytosols was effected at pH 6.8, and it
suggests that the enzyme may not be of lysosomal origin, where
a pH of 5.0 or less may be required for activity of many of these
enzymes (28). Tubulin has, however, been found to be a good
substrate for a purified CANP (29). Such proteinase(s) have been
demonstrated in the cytosols of whole tissues, are activated by
divalent calcium, and require a pH of around neutral for optimal
activity (20, 28-33). Since these enzymes show substrate spec-
ificity (20, 32, 34) and a wide tissue distribution (30, 31, 33, 35),
their physiological function within the cell is uncertain, although
they have been implicated in the turnover of myofibrils (28),
neurofilament proteins (19), and the intermediate filaments vi-
mentin and desmin (32). It is conceivable that a CANP may be
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involved in the regulation of the tumover of mammalian tubulin,
which is a substrate for the enzyme(s) (29). Specific degradation
products have been identified from the action of CANP on
myofibrils, namely a-actinin and troponin C (28, 29). A “staircase”
of breakdown products has also been observed in the degrada-
tion of vimentin and desmin (32). In our study, intermediates in
the degradation of tubulin by ileal cytosols were not identified,
which may be due to the rapid cleavage observed. Low-molec-
ular weight degradation products have also been identified in the
cleavage of neurofilaments by a purified CANP (20). Alternatively,
this may be due to the use of crude cytosolic preparations, which
may result in the further degradation of tubulin. This has been
demonstrated for a-actinin in studies with myofibrils (28), where
further degradation is due to a factor unrelated to the activity of
the CANP. The activity of the currently unidentified enzymic
factor in ileal preparations may therefore relate to the inability to
isolate Vinca-protein complexes by gel filtration and also to the
rapid elimination of [*H]VCR from this tissue in vivo.

In kidney cytosols, the situation may be more complex. It
would appear that factors other than the direct proteolysis of
tubulin may be involved. Cleavage of only a few amino acids
from '2%|-tubulin by kidney cytosol, changes in the ratio of dimeric
to monomeric tubulin, or alterations in the phosphorylation state
of the molecule could conceivably lead to dissociation of [°H}-
VCR from the tubulin dimer in HxRh18 supernatants. These
events would not be detected by a change in the molecular
weight of '2%I-tubulin examined by polyacrylamide-SDS gel elec-
trophoresis. It is of interest that irreversible loss of tubulin polym-
erization involving calcium-dependent proteolytic action specific
for high-molecular weight microtubule-associated proteins has
been identified (36) and could lead to a change in the ratio of
tubulin dimers:monomers within the tubulin pool. Also, a CANP,
identified in kidney (30), is capable of activating a protein kinase
that phosphorylates histone and protamine. It is conceivable that
a similar situation may exist with tubulin. The effects observed
in kidney, therefore, may be more subtie than events observed
with ileal preparations.

Factors that influence the selective action of VCR in the

CANCER RESEARCH VOL.

treatment of human cancer would appear complex and require
more detailed exploration. However, the stability of protein-
bound [°H]VCR in HxRh18 cytosols but not in many other normal
tissues has correlated with the selective action of [*H]VCR in
human RMS growing as xenografts. The expression of tubulin
isoforms in different tissues may influence drug binding and,
hence, drug retention. Human RMS xenografts and normal tis-
sues that do not influence the stability of HxRh18-[°*H]JVCR
complex, such as brain, skeletal muscle, spleen, and bone mar-
row, may fall into this category. In ileum and kidney, these also
may be important considerations. Alternatively, the stability of
[*H]VCR-tubulin complexes may be mediated by additional fac-
tors that may relate to the regulation of the tumover of tubulin
in vivo.
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