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The goal of this research project is to obtain and characterize DNA aptamers as a novel ligand
against primary cultured mouse tumor endothelial cells (mTECs), and applied it to identify novel
biomarkers as well as to develop a novel aptamer-modified drug delivery system (DDS) to target
tumor vasculature. Tumor growth that is dependent on angiogenesis was first reported by
Folkman in 1971. Preventing or inhibiting angiogenesis, which is associated with the increased
vascularity necessary for tumor progression and metastasis, is a challenging issue in combating
cancer. The rationale for targeting tumor endothelial cells in this current project is based on the
following assumptions: Tumor blood vessels provide nutrients and oxygen, and remove waste
from tumor tissue, resulting in tumor progression. So, a single tumor endothelial cell can support
many tumor cells. Tumor blood vessels have been shown to differ from their normal counterparts
in that they show leakiness, the thickness of the basement membrane is uneven. This suggests
that tumor endothelial cells may well express surface markers that are different from those found
in normal cells. Thus, targeting tumor endothelial cells might be a much more effective strategy
than targeting actual tumor cells themselves. Numerous advantages offer to choice novel DNA
aptamer ligand to screen for targeting to mTECs, such as aptamers are ssDNA, ssRNA or
peptide molecules, are very easy to reproduce, are generally nontoxic, have a low molecular
weight (8-15 kDa) and their binding to targets is very specific and selective.

In this study first, in an attempt to develop a novel DNA aptamer ligand targeting to
mTECs, a 12 round in vitro cell-based SELEX (Systemic Evolution of Ligands by EXponential
Enrichment) method was established successfully. Negative selection was performed along with
positive selection using normal endothelial cells (Skin-ECs) and renal tumor cell lines OS-RC-2
at 11 and 12 round selections. After a successful selection, followed to clone and sequence to
obtain 48 novel DNA aptamers candidates. Among 48 DNA aptamer candidates, AraHH001 to
specifically bind, with a high affinity, to mTECs in the nano-molar range but did not bind to normal
skin endothelial cells (skin-EC) even not to bind to tumor cells. The selected DNA aptamer
AraHHO001 was also found to bind to cultured human tumor endothelial cells (hTEC), isolated
from a clinical patient with a renal carcinoma as well as other different origin of mTECs .The
newly developed aptamer AraHH001 showed significant anti-angiogenesis activity by inhibiting in
vitro tube formation of mMTECs on matrigel. interestingly, a Confocal Laser Scanning Microscopy
(CLSM) examination of in vitro cellular uptake showed that an AraHH001 was taken up by
mTECs and was co-localized in acidic compartments in mTECs by labeling with lysotracker
Red®. Therefore, the development of a specific novel DNA aptamer AraHH001 that binds to
mTECs, which is reported here for the first time, holds great promise as a targeted molecular
probe that appear to play a major role in angiogenesis, and for the identification of a blomarker
and for the development of a targeted new drug delivery system.

Second, since an AraHHO001 selectively binds to different origin of primary cultured tumor
endothelial cells, a strategy that followed Aptamer-facilitated Biomarker Discovery was applied to
identify the molecular target of an AraHH001. Biotin-tagged AraHH001 was incubated with cell
lysates of mTECs and aptamer-proteins were then conjugated with streptavidin magnetic beads.
Finally, recovered bound proteins which were separated by SDS-PAGE with silver staining and
identified molecular target of an AraHH001 named Troponin T by PMF analysis.lts presence was
confirmed by a gel shift assay, measuring mRNA, protein levels, and immune staining of
AraHHO001 with Troponin T. Troponin T, a molecular target of an AraHH001 report here that
express on mTECs, is novel findings. It is considering very promising and interesting diagnostic
tool in the development of anti-angiogenic therapy by targeting tumor vasculature. Same method
was applied to another potential novel aptamer candidate AraHHO036 to recognize a molecular
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target heat shock protein (HSP 70) from mTECs, and confirmed by expression of HSP70 on
mTECs and Hela cell lines. HSP 70 is a very potential chaperon group protein that posses
tumerogenic effects, and resistance during chemotherapy in different cancer types. Therefore,
novel aptamer AraHH036 is promising to develop a ligand based drug delivery system by
targeting HSP 70 to get anti-cancer effects.

Third, to establish an aptamer-modified new drug delivery system, Thiol modified
AraHHO001 aptamer-distearoylphosphoethanolamine-polyethylene-glycol-2000 conjugate (Apt-
PEG-DSPE) was synthesized successfully, and applied it to prepare aptamer-modified PEG
liposomes (Apt-PEG-LP) by a lipid hydration method, where aptamer was decorated outer
surface of PEG-spacer. Apt-PEG-LP was significantly up-taken by mTECs and the cellular up-
take was observed quantitatively and qualitatively by spectrofiuorometer and CLSM respectively.
Since aptamers can be chemically modified to enhance their stability in biological fluids, because
of their small size; they can easily and rapidly diffuse into tissues and organs and thus permit
faster targeting in drug delivery.

In conclusion, Cell-based SELEX method with improvised form has been established to
develop a panel of novel DNA aptamer candidates. AraHH001, a novel DNA aptamer candidate,
selectively binds to mTEC that has been recognizes a novel molecular target Troponin T. The
technique for picking up molecular target of aptamer was established in very simple and
improvised form and can be applicable for other celi types. This AraHH001 aptamer modified
new drug delivery system has been established. In this study another novel DNA aptamer
AraHHO036 identified that recognizes the promising binding partner named heat shock protein
(HSP 70).
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VEEE, HOMIREENE TS DDS OB TRT V574 75— vF4 7 ICBT AMENBRAIZTD
T3, LHL. BEOEZAEIZRIILZFI372<, B2V FORENEEN TV,

ARIZ. ZOXIABRKRIZHZDDS DU H L REARICHEWT, EENENEERZENLS T3 DNA
T I —%BHRL.DDSDENUH L RELTHW H O BEEERTAZEEZHNELEHDOTH S,

EEIEENENEMEREZENSE LT Cell-SELEX 21T, 121 7 VD¥L 7 30Xk, BELE
NEMRRIZHRET 2 DNA S T75)—%%B7/-, FACSIZXD. S 75U —DBEIThbhTnwsZ L
PEEIN, TOSATSV—%—01 20, 48D DNA BFZ2E, Ths ORFZBEYN
IR L, EELENEMRITRESTS DNA 779~ — AraHHO01 2FELE. ZOF7 T¥<7—
OFEMERIT 43 oM THY., EAEENMRTHS., BHEEEMM OS-RC-II, EHIMENEMR
Skin-EC [T L TIHEELAAVWI EE2HERELE, EBICIDT7 7T —REMNSGFITREU-0E, iR
HABRDAFND Z &2 #ER —F—EEMNENSEBERICIORLE, ZNSOFEMS AraHH001
BUHRELTEMDTHEET ZTREENREINZ. T2, ZOT7 77— 2BENERNKARICERS
HAEREERERET D2 EMNASHTRS . TN ERT T —BEETHEEMEHEEREICE
RATEANRENRDZ I EERTHDTH D,

BT, FHIX AraHHO01 7 79— DEMDI FEBRE L. EFFUERT /I —2AN3EE
MENEERNDT 74 =57 4 —BEBIZH < SDS-PAGE T D7 T¥R—ITHRBTHY N IE:R
B TOXNVERERTFRIRATIL ATV T4 V7RI KOBFL T, BRSO 78T R
ZUTEREEN-, £, BBMOR-D T YNNI B E AraHHO01 7 7 ¥ < —D#E&% EMSA I
K DHFNR, AraHH001 7 /¥ < —2 FORZ THBE T2 I ERLE. 512, BEFMENEHRIC
BLWTHrORZ D THARBELTVLENE S %, mRNA ORBEB XU FACS iIcL DX, BELEN
BT 2 52 E mRNA Bl TWAZ &, bORZY THEAVMBEEOENEHRICERTS S
EERLE, S5 FOHBYRIZBVLTSH, FORZ Y THHEMOEIZERL TLWARFIERZN
oo TOEIIZmRNABIUY O NAZEL AT, MR, Ao aoR=> TORRANAELTNS
ZEEBHOMIL, PORZTHRFHFLNWI—H—RTFELTHERTESZ 2R

I 51 AraHHO001 7 77 v —%#8H L HEREIE, VRV —L2EHL., BEREOLTENEMARN NS
AT a ERREEID TTIR—REMIRY—LERBEL TERIIRDAAXBRNR LTS
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