A novel “proteomics-based” approach to identifying new anti-cancer agents using a new 2D liquid protein
separation & mapping method: Analysis of the total protein expression of untreated and
Peninsularinone-treated HCT-116 human colon adenocarcinoma cells.
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Introduction: Knowledge of how standard anticancer drugs exert their effects has aided in the
development of new classes of drugs demonstrating improved tolerance and efficacy. This
knowledge has also provided a scientific basis for combination chemotherapy and multi-modal
therapy. However, a number of the more promising agents identified by this “rational-based”,
target-oriented drug screening approach are found to have no in vivo activity. To improve on
this, a more promising approach may be to search active drug candidates for “protein target-
oriented” therapy by starting with a drug with proven in vivo activity (i.e. therapeutic efficacy)
rather than the other way around. Here we can look at the molecular mechanism of a known
active drug on a proliferating tumor cell line and investigate the changes in the protein
expression, and thus evaluate the importance (and relevance) of these changes to specific
cellular pathways using a proteomics-based approach.

In this poster we demonstrate this proteomics-based approach by comparing the protein
expression of a drug-treated HCT-116 human colon adenocarcinoma cancer cell line versus
this same untreated cell line using a newly developed 2D all-liquid phase protein mapping
technique; ProteoSep®. The drug under study is Peninsularone, a novel anti-cancer drug
obtained from the Drug Discovery Program of Henry Ford Health System. The ProteoSep
method used involves 2D fractionation and mapping of the total protein expression based on
protein pl and hydrophobicity for the whole cell lysates obtained. The ProteoSep method has
the distinct advantage over all other 2D gel or LC techniques in that MS analysis can be
performed on the intact expressed proteins for highly accurate mass determination for use in
evaluating post-translational modification. In addition, accurate ID's can be obtained and
compared to the intact protein masses using high resolution peptide mapping MS/MS
techniques.

The important advantages of the ProteoSep technique:

> Isolation and purification of intact proteins.

- Liquid (gel-free) pl fractions

- Direct information on post-translational modifications

- Protein fractions can be isolated & analyzed by Western blot,
ELISA, Edman sequencing, etc., as well as MALDI peptide
mapping analysis, SELDI, or LC/MS/MS.

Works with most biological matrices (sera, tissue, cell lysates, etc.).

Highly reproducible protein maps for easy comparison of samples.

Direct interface with MS possible.

MW values accurate to 150 ppm using ESI-TOF MS.
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Figure 1. 2D ProteoVue™ “lane and band” map detailing the total protein expression for an
untreated HCT-116 whole cell lysate.

—
| pr—
[o—

Figure 2. 2D ProteoVue “lane and band” map detailing the total protein expression for a
Peninsularinone-treated HCT-116 whole cell lysate. The HCT-116 cell sample, in log-phase
growth, was treated with a dose of 0.1ug/ml and exposed for 24 hours (responsible for a
clonogenic cell survival of 0.01). Large differences in the protein expression are expected at
the high dose of Peninsularinone used.

Results: Two pl lanes [pH 5.9-5.7 and pH 6.5-6.7 of the drug-treated and untreated HCT-116
cells] were analyzed and protein intact MW values measured by ESI-TOF MS. Several of the
more abundant proteins were also identified by peptide mapping and database searching using
MALDI-TOF MS. A number of important cancer-related proteins were found in these
fractions, namely; Hsp-27, Nucleoside diphosphate kinase, Triosephophate isomerase,
Alpha enolase and Annexin Il. The use of ESI-TOF to determine the intact MW is particularly
important in identification of these proteins since the peptide mapping and database searching
may result in several possible matches; however, the MW value excludes several of the other
possible matches. In the case of other protein bands, the peptide mapping, the MW value, and
limited MS/MS data did not provide a reasonable match against the database. These proteins
may not be in the database or further detailed sequencing work is required to identify these
proteins.

This work was funded in part through the National Institutes of Health under grant #RO1
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Other protein bands have been identified that appear to be strongly down-regulated [or up-
regulated] following drug treatment. More specifically, in the pH 5.9-5.7 fraction, the proteins
Annexin |, heterogeneous nuclear ribonucleoprotein H and cold shock domain protein A are
strongly up-regulated in the untreated colon cancer sample versus the drug-treated sample. In
the pH 6.87-6.67 fraction, histone and RIG protein are strongly up-regulated in the untreated
sample versus the drug-treated sample. Further work is presently underway to use this method
to study these samples as a function of drug concentration and time to discern more about
Peninsularinone’s mechanism of action at the molecular level.

Conclusion: A multidimensional chromatographic 2D liquid-phase method for separation of
proteins from whole cell lysates has been developed. The method provides a 2D map of the
protein content of each cell line based upon pl versus hydrophobicity. The high reproducibility of
the 2D maps allow for inter-lysate comparisons using differential mapping analysis of the protein
bands displayed with a two-color quantitative representation. Using this differential display
method, a comparison between drug-treated and untreated colon cancer cells showed distinct
changes in protein expression as a function of drug treatment. This method provides a means of
collecting relatively isolated and purified proteins in the liquid phase for mass spectrometric
analysis. The liquid phase proteins can be used to obtain the MW value by ESI-TOF MS while
peptide mapping can be performed via MALDI-TOF MS. The use of an accurate intact MW,
together with the peptide map, can provide identification of the proteins using database
searching methods.

Figure 3a-b details the 2D differential display maps produced using DeltaVue™ software
comparing two specific pl lanes for the untreated control (red bands) and Penisularinone-
treated (green bands) HCT-116 cells. The relative intensities of the shades of green or red are
quantitatively related to the amount of protein detected by UV absorption. The center lane
displays the difference in protein expression between proteins. A band with an increased level
of expression relative to the Peninsularinone-treated sample shows up in shades of green in the
center map while proteins expressed at a increased level in the untreated cell sample relative to
the Peninsularone-treated sample will show up in shades of red. In the case where there is no
change of expression, the differential map shows up in white.
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Table 2. MS data com paring drug treated vs_ untreated HCT-116 cell ines
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The 2D liquid maps shown in Figures 1 & 2 display protein bands based upon hydrophobicity,
which does not correspond directly to MW. The ESI-TOF MS provides a MW value associated
with each of the intact proteins accurate to 150 ppm. In addition, the protein bands can be
collected and digested producing a peptide map by MALDI-TOF MS for identification of the
proteins present using web-based database searching. These results are tabulated in Tables 1
& 2.
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