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Abstract:
Folate-targeted dyes have been used for the detection of tumor tissue and isolated

cancer cells in both the animal tumor models as well as in human cancer patients. Folate
receptors (FR) are abundantly present on several cancerous cell types but they are found
less in normal human cells'. There are several imaging agents that can be linked with
folic acid and used for the detection of tumor®>. These imaging agents could be protein
toxins, chemotherapeutic agents, gene therapy vectors, oligonucleotides, radioimaging
agents, magnetic resonance imaging contrast agents and liposomes with entrapped drugs,
radiotherapeutic agents and/or immunotherapeutic agents®. This research showed that
targeting one of these agents, the fluorescent dye, Dylight 488, produced more specific

and sensitive imaging of malignant cells for diagnostics purpose of cancer detection”.

In the present research, we synthesized folate-conjugate dye, Folate-
DyLight'™488, using simple methods and minimal efforts. The research involved
purification of synthesized Folate-Conjugate, Folate-DyLight™'488 by HPLC followed
by the analysis of purified Folate-DyLight™488. The purified Folate-DyLight"'488 was
first analyzed using UV/VIS micro-plate reader as well as LC-DAD and finally with the
LCMS. Mass Spectroscopy eventually confirmed the dye. Ultimately, the dye was

lyophilized and used for the cancer cell detection by fluorescent microscope.



Introduction:

Folate and its role:
Folate belongs to the vitamin B group and generally termed as folic acid. It is

involved the one carbon transfer reaction, which helps for DNA synthesis and replication,
cell division and it also plays an important role in methylation®”. Two types of folate
binding proteins are present on the cell; one with low affinity binder, reduced folate
carrier (RFC), responsible for the most of folate transport across the cell membrane and
the other is high affinity binder, folate receptor (FR), which mediate folate uptake by
endocytosis® ®°. Folate receptor mediated endocytosis is a simple strategy to transport

folate dye because of the over expression of the folate receptor on cancer cells® *°.

Folate receptor pathway:

Two different systems are exists for the transportation of folates™":

i) Membrane bound Folate Receptor (FR-a and FR-B) — linked to cell surface via a
glycosylphosphatydilinositol (GPI) anchor 20, which transport the folates by receptor

mediated endocytosis™* ™.

ii) Reduced Folate Carrier (RFC) — Transport of folate was done by anion exchange into
the cytoplasm. Unlike FR, RFC transport folates by binding it and carrying folate into the
cell**Y,
Folate-conjugate dye - DyLight"™488:

For the screening of cancer cells we have used DyLight™488, which has a greater
photostability than other commercial fluorescent dyes available in 488-range dyes. Also it

has a pH insensitivity ranging from 4-9 and available at a lower cost. DyLight™488 is



available as labeling agent, used in fluorescent microscopy, and as a conjugates of
secondary antibodies in western blotting and ELISA.
Mouse L1219 Leukemia model:

The first screening model used at national cancer institute (NCI) was in vivo Lo
and P3gg murine leukemia. From 1955 until 1975, the mouse L1210 model has been used as
a model for the treatment and detection of blood cancers. Moreover, the human leukemia
has also been useful for prediction of the drugs that are effective against such diseases.
However, this model is sometimes proved poor a predictor for cancers because of the

difference in physiological activity of mouse and human tumor.

Materials and Instrumentation:

Materials:
DyLight™488 Maleimide (Thermo scientific, Lot# LC1294236), Folate Cysteine,

Dimethylsulfoxide (DMSO, from Sigma-Aldrich, Batch# 11696DK), 99%
Diisopropylethylamine- [(CH3),CH].NC,Hs (DIPEA, from Sigma-Aldrich, Batch#
33396AK, MW:129.24 gm/mol), Sodium bicarbonate (buffer), Lizi0 Mouse leukemia
cells, RPMI medium 1640 (GIBCO, Lot# 714204), Folic acid, Phosphate buffer saline
(PBS)
Instruments:

HPLC (Hewlett Packard series 1050) with installed Zorbax column (3.5 pum, 4.6x
150mm) and Cig column (5um, 10x 250 mm), Agilent LC-MSD trap 1100 series with
Agilent Eclipse XDB-C;g column, Epoch Biotek microplate spectrophotometer, Water

Jacketed Incubator (Fisher Scientific, Model 3326), Mini Centrifuge (Fisher Scientific),



Refrigerated condensation Trap RT100, Cole Parmer (Model 84000-00), epi-fluorescence

microscope.

Method and Analysis:

Synthesis of Folate-DyLight™ 488
Initially 1 mg of DyLight 488 (stored at -20° C), and 2 mg of folate cysteine were

weighed and mixed together. Then 200ul of dimethylsulfoxide (DMSO), a polar aprotic
solvent, was added to dissolve the solid mixture. Finally, 2 ul of Diisopropylethylamne
(DIPEA), an organic reagent, was added and the mixture was left to stir overnight. The
sample mixture was analyzed through HPLC using Zorbax column and purification was

done with column Cgs.

For LCMS, Eclipse XDB-C18 column was used. The sample was run in negative

mode with methanol and water as mobile phase.

Sample info: 10 ul of purified Folate-DyLight™488 (200 ppm)
Flow rate: 0.5 ml/min

Scan range: 600-1000 m/z

Method: waltLCDADMS.m
L1210 mouse leukemia cell development and observation:

L1210 mouse leukemia cells were grown and folate deficient RPMI (supplement
with 10% fetal bovine serum and 1% streptomycin-penicillin) media to the level of
500,000 — 1 million cells per ml. The cells were incubated in the presence of 100 nmolar

of folate-Dylight 488 with and without the presence of excess folic acid that will be 1000



fold excess. The incubation was done for 30 mins at the temperature of 37°C and samples
were read on fluorescence microscope with fluorescence filters. 10-15 ul of cell

suspension was mounted on glass slides for observation.



Binding of purified Folate DyLight 488 with incubated L1210 mouse Leukemia cells
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Result and Discussion:

Analysis and purification of folate conjugated dye 488 by HPLC:
The analysis of Folate-Dylight 488 was done using HPLC. Sodium bicarbonate

buffer (10 mM) and acetonitrile were used as a mobile phase solvent, flow rate was 1
ml/min and total run time was 60 mins. 10 ul of 5-fold sample was injected at the
wavelength of 280 nm and initially the peak was seen at 16.85 min, which was DMSO.
Then the other peak was seen at 23.25 min, which was the combination of our folate dye
and folate cysteine. Purification of conjugated dye was then accomplished using
preparative column to purify the suspected folate conjugate. We knew that our sample
was eluted between 23.00 min and 25.00 min. At that time, the fraction was collected for
LC-MS analysis.
Analysis of pure compound by LC-MS:

In LC-MS, we started with injection of purified conjugate sample (30 uL or 200
ppm) in positive ion mode, but we could not get any resultant peak after 1100 m/z. As a
result, we tried in negative ion mode. In negative ion mode methanol and water were
used as a mobile phase and we obtained a peak at 3.11 mins. The chromatogram in the
figure 6 shows a sharp peak of purified folate-Dylight 488. For more confirmation, DAD
absorption spectrum was obtained which confirm the peak at 3.11 mins in chromatogram.
DAD spectrum has scan range of 200-800 nm and Figure 7 Shows the DAD absorption

spectrum.

Mass spectrometry finally confirms the product by showing a peak at 447.0 m/z.
Since Folate-conjugated Dylight 488 has molecular weight of 1343.0, the molecular ion

peak was most likely a multi-charged species. Using the known molecular weight, we

11



calculated that we obtained a triply charged ion peak at 447.0 (m/3z, M-3H"). We can
confirm the molecular ion peak (1343.0 m/z) by multiplying triply charged ion peak (at
447.0 m/z) times three and adding 3 H atoms (3). This value was near the integer mass
match. From the above analysis we confirm that Folate-Dylight 488 was present and

ready for cancer cell detection.

After analysis of compound by LC-MS it was subjected to lyophilisation to
remove excess water from the sample. Then the sample was diluted with 1 mL PBS and
placed in the microplate reader to measure the absorbance at 493 nm. And from the
absorbance (after path length corrected, 1.257), concentration of the sample was
calculated as 1.62x10-4 using the known extinction coefficient of 70 M-1cm-1.Finally,
L1210 mouse leukemia cells stained with the folate-conjugated dye was observed on epi-
fluorescence microscope and the cancer cells were easily detectable with conjugated dye

on it (See Figure 9).

Conclusion:
We have successfully completed the analysis and purification of folate Dylight

488 by reverse phase HPLC. LC-MS confirms the presence of folate conjugate dye by
showing absorption spectrum and the triply charged (m/3z, M-3H+) ion peak in negative
ion mode. The molecular ion was also monitored in positive ion mode but not seen at
1343 m/z. Finally, we demonstrated the binding of conjugated dye to L1210 mouse
leukemia cells and confirmed the specificity by a control pre-incubated with excess free

folic acid (See Figure 9).

12



Acknowledgement:

I am very thankful of Governors State University for their funding and Dr. Henne

for his personal funding for the project research.

References:

1.

Corona G, Giannini F, Fabris M, Toffoli G, Boiocchi M. Role of folate receptor
and reduced folate carrier in the transport of 5-methyltetrahydrofolic acid in
human ovarian carcinoma cells. Int J Cancer. Jan 5 1998;75(1):125-133.

Henderson EA, Bavetsias V, Theti DS, Wilson SC, Clauss R, Jackman AL.
Targeting the alpha-folate receptor with cyclopenta[g]quinazoline-based
inhibitors of thymidylate synthase. Bioorg Med Chem. Jul 15
2006;14(14):5020-5042.

LuY, Sega E, Leamon CP, Low PS. Folate receptor-targeted immunotherapy of
cancer: mechanism and therapeutic potential. Adv Drug Deliv Rev. Apr 29
2004;56(8):1161-1176.

Low PS, Henne WA, Doorneweerd DD. Discovery and development of folic-
acid-based receptor targeting for imaging and therapy of cancer and
inflammatory diseases. Acc Chem Res. Jan 2008;41(1):120-129.

Gabizon A, Tzemach D, Gorin ], et al. Improved therapeutic activity of folate-
targeted liposomal doxorubicin in folate receptor-expressing tumor models.
Cancer Chemother Pharmacol. May 2010;66(1):43-52.

Theti DS, Jackman AL. The role of alpha-folate receptor-mediated transport
in the antitumor activity of antifolate drugs. Clin Cancer Res. Feb 1
2004;10(3):1080-1089.

Kelemen LE. The role of folate receptor alpha in cancer development,
progression and treatment: cause, consequence or innocent bystander? Int |
Cancer. Jul 15 2006;119(2):243-250.

Kawano K, Maitani Y. Effects of polyethylene glycol spacer length and ligand
density on folate receptor targeting of liposomal Doxorubicin in vitro. J Drug
Deliv. 2011;2011:160967.

Barz M, Canal F, Koynov K, Zentel R, Vicent M]. Synthesis and in vitro
evaluation of defined HPMA folate conjugates: influence of aggregation on
folate receptor (FR) mediated cellular uptake. Biomacromolecules. Sep 13
2010;11(9):2274-2282.

13



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gibbs DD, Theti DS, Wood N, et al. BGC 945, a novel tumor-selective
thymidylate synthase inhibitor targeted to alpha-folate receptor-
overexpressing tumors. Cancer Res. Dec 15 2005;65(24):11721-11728.

Chancy CD, Kekuda R, Huang W, et al. Expression and differential
polarization of the reduced-folate transporter-1 and the folate receptor alpha
in mammalian retinal pigment epithelium. ] Biol Chem. Jul 7
2000;275(27):20676-20684.

Tran T, Shatnawi A, Zheng X, Kelley KM, Ratnam M. Enhancement of folate
receptor alpha expression in tumor cells through the glucocorticoid receptor:
a promising means to improved tumor detection and targeting. Cancer Res.
May 15 2005;65(10):4431-4441.

Clifton GT, Sears AK, Clive KS, et al. Folate receptor alpha: A storied past and
promising future in immunotherapy. Hum Vaccin. Feb 1 2011;7(2).

Puig-Kroger A, Sierra-Filardi E, Dominguez-Soto A, et al. Folate receptor beta
is expressed by tumor-associated macrophages and constitutes a marker for
M2 anti-inflammatory/regulatory macrophages. Cancer Res. Dec 15
2009;69(24):9395-9403.

van der Heijden JW, Oerlemans R, Dijkmans BA, et al. Folate receptor beta as
a potential delivery route for novel folate antagonists to macrophages in the
synovial tissue of rheumatoid arthritis patients. Arthritis Rheum. Jan
2009;60(1):12-21.

Jackman AL, Theti DS, Gibbs DD. Antifolates targeted specifically to the folate
receptor. Adv Drug Deliv Rev. Apr 29 2004;56(8):1111-1125.

Spinella M], Brigle KE, Sierra EE, Goldman ID. Distinguishing between folate
receptor-alpha-mediated transport and reduced folate carrier-mediated
transport in L1210 leukemia cells. /] Biol Chem. Apr 7 1995;270(14):7842-
7849.

Kalli KR, Oberg AL, Keeney GL, Christianson T], Low PS, Knutson KL,
Hartmann LC Folate receptor alpha as a tumor target in epithelial ovarian
cancer. Gyneco Oncol. 2008 Mar;108(3):619-26. Epub 2008 Jan 28.

http://www.piercenet.com/browse.cfm?fldID=294EFD98-4461-4352-
A046-50B522F52952

http://www.piercenet.com/browse.cfm?fldID=CFD3842B-09F1-91E2-52D6-
B502A03E4B80

14


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kalli%20KR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oberg%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Keeney%20GL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Christianson%20TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Low%20PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Knutson%20KL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hartmann%20LC%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Gynecol%20Oncol.');
http://www.piercenet.com/browse.cfm?fldID=294EFD98-4461-4352-%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20           A046-50B522F52952
http://www.piercenet.com/browse.cfm?fldID=294EFD98-4461-4352-%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20           A046-50B522F52952
http://www.piercenet.com/browse.cfm?fldID=CFD3842B-09F1-91E2-52D6-           B502A03E4B80
http://www.piercenet.com/browse.cfm?fldID=CFD3842B-09F1-91E2-52D6-           B502A03E4B80

List of Figures:

Folate
Conjugate ]

(1))

€y

Membrane
® Invagination

Folate
Receptor

Reduced
Folate Carrier

Nucleus
Tumor Cell

Figure 1: Figure demonstrates the high affinity folate conjugation on folate receptor
(FR)+.
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Figure3: Magnetic stirrer (Cole Parmer)

16



Figure 4: Water Jacketed Incubator for incubation of conjugated dye.
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Figure 6: Chromatogram of Folate-DyLightTM 488. Peak shown at 3.11 mins
indicates the measured absorbance at 280 nm on Agilent LC-MSD trap 1100 sereis.
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Figure 7: DAD absorption spectrum of folate DyLight 488.

20



Mass Spectrum of Folate DyLight 488
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Figure 8: Mass spectrum of folate-DyLightTM 488. The data indicate the triply
charged (m/3z, M-3+) molecular ion peak obtained by Agilent LC-MSD trap
1100 series using XDB C18 column.
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Figure 9: Establishment of FR+ L1210 mouse cancer cells. Cells were grown in
folate deficient media for a total of 6 passages. Using a folate targeted dye (folate
Dylight 488, developed “in Lab”). Cells were stained in absence and presence of an
excess of folic acid competitor (epi-fluorescense panel B and D, respectively).
Together, these data demonstrate both FR mediated uptake and folate targeted
specificity. Panels A and C are the corresponding phase contrast images at 1000x
and 250x magnification, respectively.
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