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METABOLISM OF CPT-11 BY A RABBIT CARBOXYLESTERASE
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Fig. 2. A, Western analysis of truncated CEs expressed in Cos7 cells. Whole-cell
extracts derived from Cos7 cells after transient transfection with the indicated plasmids
were subjected to immunoblotting using an anti-HA antibody (HA) or anti-B-tubulin
antibody. B, Western analysis of immunoprecipitations of cell culture media from Cos7
cells after transient transfection with the same plasmids. The membrane was probed with
an anti-HA-HRP-conjugated antibody and exposed to film for 20 s or 5 min.

in the culture medium as determined by Western and immunoprecipi-
tation analyses (Fig. 2B) or enzyme activity assays (Table 2).
Deletion of the Six COOH-terminal Amino Acids of the Rabbit
and Human CE. To determine whether the COOH-terminal amino
acids were responsible for sequestering the CEs within the ER and
preventing secretion from the cell, we removed the nucleotides en-
coding these residues and added an artificial termination codon to the
tagged CE cDNAs by PCR. This procedure truncated both proteins by
six amino acids, deleting the TEHIEL residues. After confirmation of
construct integrity by DNA sequencing, the cDNAs were ligated into
pClneo to create pPCIHUMHAC and pCIRABHAC (see Table 1 and
Fig. 1). Each plasmid was transfected into Cos7, and after 48 h, cells
were subjected to Western analysis and immunohistochemistry, and
CE activities were determined. The cell culture medium was also
assayed for enzyme activity and analyzed by Western analysis. Table
2 indicates the CE activity of cell extracts and cell culture medium,
and Fig. 2A demonstrates the presence of the tagged COOH-termi-
nally truncated proteins in cell sonicates. Enzyme activity was also

present in the culture medium (Table 2), and truncated HA-tagged
protein was detected in aliquots of the same medium by immunopre-
cipitation (Fig. 2B). Inmunohistochemistry of the COOH-terminally
truncated proteins confirmed their localization to the ER (Figs. 3 and
4), demonstrating a similar fine network-like staining pattern to the
full-length tagged CEs. To confirm that the protein was being actively
secreted from transfected Cos7 cells, we removed the medium and
replaced it with serum-free culture medium. After 4 h, aliquots of this
medium were removed for CE activity assays. Approximately 6- and
9-fold more CE activity was detected in serum-free medium harvested
from Cos7 cells expressing either pPCIHUMHAC or pCIRABHAC,
respectively (Table 2), than in medium harvested from cells trans-
fected with cDNAs encoding either full-length or NH,-terminally
truncated proteins. Additionally, both the rabbit and human HA-
tagged COOH-terminally truncated proteins could be detected by
immunoprecipitation from the culture medium (Fig. 2B).

Brefeldin Treatment of Cos7 Cells Expressing COOH-termi-
nally Truncated CEs. To confirm that extracellular secretion of the
COOH-terminally truncated rabbit and human CEs was occurring via the
ER, we exposed transiently transfected Cos7 cells to 10 pg/ml brefeldin
in serum-free medium for 4 h. Brefeldin is a fungal-derived antibiotic that
causes reversible loss of the ER in mammalian cells (25, 26). After
brefeldin treatment, cell sonicates contained significantly greater CE
activity (Table 2) than did untreated Cos7 pCIRABHAC cells, concom-
itant with reduced levels of CE activity in the culture media. Immuno-
fluorescence staining of brefeldin-treated cells demonstrated a punctate
staining pattern consistent with a disruption of ER integrity (Fig. SA), and
immunoprecipitation and Western analysis of culture media confirmed
the lower levels of secreted CE (Fig. 5B).

Deletion of Both the NH,-terminal and COOH-terminal Do-
mains. cDNAs encoding CEs lacking both the 18-residue NH,-terminal
signal peptide and the 6 COOH-terminal amino acids were constructed
by PCR and ligated into pClneo to create pPCIRABHANC and pCIHUM-
HANC (see Table 1 and Fig. 1). After transfection into Cos7 cells, cell
sonicates were assayed for CE activity, and tagged proteins were ana-
lyzed by Westem analysis. In addition, the presence of CE enzyme in cell
culture medium was determined by both activity assays and immunopre-
cipitation. Fig. 2A demonstrates the expression of proteins of the expected
size in Cos7 cell extracts, indicating that the proteins were stable. How-
ever, no CE enzyme activity could be detected in identical extracts or in
the cell culture medium (Table 2). Immunohistochemistry of cells trans-
fected with pPCIRABHANC or pCIHUMHANC demonstrated a diffuse
staining pattern similar to that of cells transfected with pPCIRABHAN and
pCIHUMHAN (Figs. 3 and 4).

Table 2 CE activity in cell extracts and culture media of transiently transfected
Cos7 cells
CE activity was determined spectrophotometrically by monitoring the conversion of
0-NPA to nitrophenol at 420 nm.

CE enzyme activity

Media + Media —
Cell extract serum (48 h) serum (4 h)
Sample (umol/min/mg) (umolV/min/ml) (umol/min/ml)
Cos7 + pClneo 6804 383*1.7 ND*
Cos7 + pCIHUMHA 3473 + 20.2 362+ 19 3902
Cos7 + pCIHUMHAN 65*03 33.7x28 44 *0.1
Cos7 + pCIHUMHAC 4535+ 18.8 109.8 + 3.6° 252+ 12°
Cos7 + pCIHUMHANC 5704 375+ 13 4618
Cos7 + pCIHUMHAC + Bref° 825.1 + 68.4 ND 13.0 + 0.6°
Cos7 + pCIRABHA 7853 x 15.8 374*18 4102
Cos7 + pCIRABHAN 7.7x0.2 327x1.1 48 0.1
Cos7 + pCIRABHAC 918.3 + 26.8 188.1 = 4.5° 39.3 +24°
Cos7 + pCIRABHANC 68 *04 379 %15 4803
Cos7 + pCIRABHAC + Bref 1885 * 44.6 ND 168 = 1.0°

“ ND, not determined.
b p < 0.001 using ANOVA.
€ Bref, brefeldin treatment, 10 ug/ml for 4 h.

3629

Downloaded from cancerres.aacrjournals.org on March 7, 2021. © 1998 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

METABOLISM OF CPT-11 BY A RABBIT CARBOXYLESTERASE

Phase DNA Anti - HA

Negative
Control

Fig. 3. Fluorescence detection of truncated epitope-tagged rabbit CEs expressed in Cos7 cells. Phase-contrast photomicrographs and fluorescence images of the same cell stained
with the anti-HA antibody (HA) to detect CEs and Hoechst 33342 (DNA) are shown. Negative controls are similar cells stained with an isotype-matched primary antibody.
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Fig. 4. Inmunofluorescence photomicrograph of
Cos7 cells after transfection with the indicated plas-

mids encoding epitope-tagged human CEs.
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Fig. 5. A, immunochemical localization of the COOH-terminally truncated human CEs in
Cos7 cells after treatment with 10 pg/ml brefeldin for 4 h. B, immunoprecipitation of cell
culture media harvested from Cos7 cells expressing the COOH-terminally truncated rabbit and
human CEs (pCIRABHAC and pCIHUMHAC) after treatment with brefeldin (+B).

Effect of Protein Truncation on CTP-11-mediated Cytotoxicity.
Because the human alveolar macrophage CE does not metabolize
CPT-11,* the effect of the NH,- and COOH-terminal deletions on
CPT-11-mediated cytotoxicity was determined by transfecting Cos7
cells with the various rabbit mutant cDNAs. After transfection with
plasmids pCIRABHA, pCIRABHAN, pCIRABHAC, or pCIR-
ABHANC, HA-tagged proteins were detectable in cell extracts by
Western analysis (Fig. 2A); additionally, CE activity was present in
pCIRABHA and pCIRABHAC cells (Table 2). The ICs, values of
Cos7 cells transfected with the various plasmids to CPT-11 are
indicated in Table 3. As can be seen, the IC,, values for Cos7 cells
transfected with pCIRABFL (the full-length untagged rabbit liver CE)
or pCIRABHA or pCIRABHAC are approximately 3-20-fold lower
than those of cells electroporated with pClneo, pCIRABHAN, or
pCIRABHANC. These data corroborate the pattern of CE enzyme
activities in these cell extracts as determined by the metabolism of
o-NPA (Table 2). No sensitization was seen in cells expressing the
human alveolar macrophage CE (pCIHUMCAR).

4 M. K. Danks and P. M. Potter, Comparison of the efficiency of CPT-11 activation by
a rabbit and a human carboxylesterase for use in enzyme/prodrug therapy, manuscript in
preparation.

HAC HANC

Because the efficacy of transfection and hence protein expression
can vary in transient assays with Cos7 cells, we ligated the tagged
rabbit cDNA into pIRESneo to generate pIRESRABHA and trans-
fected Rh30 cells. As expected, cells expressing either the full-length
(pIRESRABFL) or the tagged (pPIRESRABHA) rabbit CE were sen-
sitized to CPT-11 (Table 4). These data confirm that the tagged
enzyme metabolizes CPT-11 to SN-38 in situ.

DISCUSSION

This study presents the novel observations that the NH,-terminal
amino acids target a rabbit liver CE and a human alveolar macrophage
CE to the ER, and that the COOH-terminal residues prevent secretion
from the cell. Removal of the 18 hydrophobic NH,-terminal residues
also resulted in loss of enzyme activity as monitored by the metabo-
lism of o-NPA and CPT-11-mediated cytotoxicity, even though the
protein was detected by Western analysis of cell extracts. Because, no
CE activity was detected in cells expressing the NH,-terminally
truncated proteins, we presume that enzyme processing within the ER
is essential for catalytic activity. Additionally, because the COOH-
terminally truncated secreted proteins were active, association with a
lipid bilayer is not a requirement for a functional enzyme, but possibly
posttranslation modification, such as the addition of oligosaccharides
or the formation of disulfide bonds by isomerases, is required.
Whereas the exact purpose of modification is unclear, it is probably
involved in protein folding. Because inhibitors of glycosylation such
as tunicamycin do not interfere with transport to the Golgi apparatus
or ER, it is unlikely that the addition of these carbohydrate moieties
is required for protein transport through these organelles (27). Addi-
tionally, proteins can still be actively secreted from cells by exocytosis
in the presence of these inhibitors (28). Our data suggest that modi-
fication by the ER is required to generate active CEs, regardless of
whether the enzyme is retained in the cell or secreted.

Removal of the six COOH-terminal amino acids, TEHIEL, resulted in
secretion of the protein from cells (Fig. 2B and Table 2). Because FCS
contains detectable amounts of CE activity, as indicated by the assays of
serum-containing medium (Table 2), we replaced the medium with a
minimal volume of serum-free DMEM. After 4 h, CE activity assays
confirmed the presence of active enzyme in the media, approximately
6-9-fold greater than that of the samples analyzed from cells transfected

Table 3 ICs, values of transiently transfected Cos7 cells after treatment with CPT-11
Cells were exposed to CPT-11 for 2 h, 48 h after transfection. After 3 days, a time

equivalent to three cell doublings, the cell number was determined. ICy, values were

calculated from sigmoidal dose response curves using the Graphpad Prism program.

Plasmid ICso (M)
pCinco 20 = 09
pCIRABFL 095
PCIRABHA 6.0
pCIRABHAN 28
pCIRABHAC 24
pCIRABHANC 21
pCIHUMCAR 60
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Table 4 ICs, values of transfected Rh30 cells after treatment with CPT-11

Cells were exposed to CPT-11 for 2 h, and the cell number was determined 3 days
later. The ICsq values were calculated from sigmoidal dose response curves using the
Graphpad Prism program.

Plasmid 1Cso (M)
pIRESneo 41.7x7.1
pIRESRABFL 1.19 £ 0.55
pIRESRABHA 1.05 = 0.22

with the full-length cDNAs. This suggests that these proteins conform to
the empirical rules suggested by Munro and Pelham (29), who hypoth-
esized that the electrostatic charge and/or structure of the COOH-terminal
amino acid residues caused proteins to be retained in the ER. Although
the exact mechanism of this retention is unclear, it is apparent that these
amino acids prevent secretion.

Brefeldin treatment of cells transiently transfected with pCIRAB-
HAC or pCIHUMHAC resulted in the loss of integrity of the ER and
the accumulation of the tagged enzymes in discrete vesicles (Fig. 5).
Interestingly, levels of CE activity in the extracts of cells treated with
brefeldin increased, presumably due to the prevention of secretion of
the enzyme. Simultaneously, levels of CE in the cell culture media
were reduced. The prevention of secretion of the CEs by brefeldin
treatment did not result in the inactivation of the protein in the cells,
suggesting that the glycosylation and/or disulfide bond formation (and
hence intracellular activation of the CE) can occur in the Golgi
apparatus. Previous reports have indicated that the activity of CEs
may be dependent on the glycosylation of the protein (30). Our data
are in agreement with these studies, indicating that if the rabbit liver
and human alveolar macrophage CEs are not targeted to the ER by the
NH,-terminal signal peptide, then the proteins are inactive. Because
the addition of carbohydrate residues occurs within the Golgi and ER,
we presume that glycosylation and/or disulfide bond formation is
essential for the correct processing and folding of the mature protein.
In contrast, removal of the COOH-terminal residues does not affect
enzyme activity but allows secretion of the proteins from the cell.

In summary, removal of the NH,-terminal signal peptide resulted in
the formation of catalytically inactive proteins, whereas removal of the
six COOH-terminal residues resulted in the secretion of active rabbit and
human CEs. Because the rabbit CE can convert CPT-11 to SN-38 (10),
the potential application of the secreted enzyme for an enhanced by-
stander effect with CPT-11 is under investigation. For cells expressing an
intracellular CE, CPT-11 activation is dependent on diffusion of the drug
across the cell membrane for conversion to SN-38. However, with a
secreted CE, CPT-11 activation should occur in the extracellular fluid,
and the SN-38 generated should readily diffuse into the surrounding cells,
resulting in cytotoxicity even in cells that cannot activate CPT-11. We are
currently assessing the efficacy of both the ER-localized and secreted
rabbit liver CE to produce a bystander effect in combination with CPT-11
in both cells in culture and xenografts. Additionally, we are generating
baculovirus expressing COOH-terminally truncated CEs to allow rapid
isolation and purification of large amounts of these enzymes for structural
studies.
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