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SUMMARY
Antisense oligodeoxynucleatides (ODNs) conjugated to a suitable bifunctional chelating agent
and labelied with 2 suitable radionuclide could become useful in the diagnosis and
differentiation of cancers. Radiolabelled natural DNA with phosphodiester (PO) backbone is a
candidate for use in imaging, while phosphorothioate (PS) ODNs already are proving their
efficacy in antisense therapy. In this study, two PO and two PS ODNs have been conjugated
with the NoSO chelator MAG2 in a procedure designed to make a N3S tetraligand which forms
stable complexes with technetium-95m. Depending on the S-protecting group used and
reaction conditions employed, labelling yields of more than 90 % can routinely be obtained.
The ®™Tc-MAG2-ODNs are stable in solution, even in the presence of a 30-fold excess of
cysteine. However, at higher concentrations of cysteine and in foetal calf serum they are not
stable. In vivo in mice, the PO ssenT . MAG2-ODNs are degraded more than 50 % in 3 min,

while the PS analogues remain intact. The PS and PO P70 MAG2Z-ODNs are distributed in a

* Author for correspondence. Address: c/o Isopharma AS, P.O. Box 65, 2007 Kjeller, Norway.
Telephone: + 47 63806324. Telefax: + 47 63800210. E-mail: ole hjelstuen@isopharma.no

CCC 0362-4803/99/080737-24817.50 Received 22 Decemnber 1998
Copyright @1999 John Wiley & Sons, Ltd. Revised 2 February 1999
Accepted 3 February 1999



738 O.K. Hjelstuen, B.C. By, B. Cleynhens et al.

similar fashion in normal mice, except for a higher liver retention of the PO *™Tc-MAG2-

ODNs at 60 min,

Key words: Mercaptoacetyldiglycine, technetium-99m, phosphodiester, phosphorothioate,

oligadeoxynucleotides, biodistribution.

INTRODUCTION
Antisense oligodeoxynucleotides (ODNs) complementary to oncogenes and labelled with a
radionuclide could be usefil tracer agents in diagnosis of severe pathologies such as cancers.
ODNs have previously been labelled with ''In and ®™Tc by the use of DTPA (1),
hydrazinonicotinic acid (Hynic) (2} and mercaptoacetyltriglycine (MAG3) (3,4) as bifunctional
chelating agents (BCA) for use in single photon emission computerised tomography (SPECT).
Recently, a normal ODN and ODNs with backbone or ribose modifications were labelled with
"“F and the biodistribution in baboons monitored by positron emission tomography (PET) (5).
With phosphorothioate (PS) backbones, the ODNs become more stable towards enzymatic
degradation and ODNs of this type are currently in several clinical studies for antisense therapy
{6). Up to this moment, the issues of cell uptake of ODNs and in vivo target recognition
remain to be solved before radiolabelled ODNs can prove their clinical efficacy (7). In this
process, the development of new BCA-ODN conjugates for labelling with *™Tc and other
imageable radionuclides is of utmost importance.
Mercaptoacetyldiglycine (MAG?2) is an N,SO tetraligand that can be converted to a NS
mercaptotriamide  tetraligand with strong *™Tc binding properties when the N-
hydroxysuccinimide (NHS) ester of S-protected MAG2 is conjugated to the free amino
termingl of an amincalkyl derivatised ODN as shown in Fig.1. In this way, the conjugate
between the "™ Tc binding tetraligand and the ODN is one glycine residue shorter than if
MAGS3 is used as the BCA.
In previous studies we conjugated phosphodiester (PO) ODNs with S-benzoyl-MAG3,

labelled the conjugates with *"Tc and demonstrated intact RNA hybridisation capacity of the
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Figure 1. Conjugation of S-benzoyl-MAG2-N-hydroxysuccinimide ester to the 3'-
aminohexyl modified oligodeoxynucieotide GX-1

#mTe-MAG3-ODNs (4.8). The aims of this study were to comparatively investigate the
efficiency of labelling of S-benzoyl(Bz)-MAG2-ODN and S-benzyl(Bn)-MAG2-ODN
conjugates of two PO ODNs and two PS ODNs and to study the stability and biodistribution
of the resulting *™Tc-MAG2-ODN complexes. We also investigated the possibility of
obtaining *™T¢-MAG2-ODNs without the need for a final purification step, which was found
necessary in the case of the ®™Tc-MAG3-ODNs reported previously. The influence of
shortening the conjugation linker with one glycine residue on the hybridisation capacity of the

radiolabelled ODN will be reported in a separate paper.

MATERIALS AND METHODS
Synthesis
General
Thin-layer chromatography was carried out using precoated TLC plates (Alugram® SIL
G/UV254, Macherey-Nagel, Diiren, Germany). For purification by column chromatography,
silicagel (MN Kieselgel 60, 70-230 mesh ASTM, Macherey-Nagel) was used. 'H- and “C-
NMR spectra were recorded in DMSO-ds on a Gemini 200 MHz spectrometer (Varian, Palo

Alto, CA). Chemical shifts are reported in ppm relative to TMS B=0).
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Synthesis of S-benzoylmercaptoacetic acid and succinimidyl-S-benzoylthioglycolate was
performed as described by Schneider et al {9). S-benzoylmercaptoacetyldiglycine was

synthesised as described by, Brandau et al (10).
S-Benzoyl mercaptoacetyldiglycine-N-hydroxysuccinimide ester

A solution of S-benzoyl mercaptoacetyldiglycine (7.34 g; 23 mmol) and N-hydroxysuccinimide
(NHS) (2.65 g, 23 mmol) in CH;CN (100 ml ) was heated to reflux and solid
dicyclohexylcarbodiimide (DCC) (5.15 g; 25 mrol) was added in portions. The mixture was
stirred overnight at room temperature. The precipitate was filtered off and washed twice with
warm CH;CN. The filtrate was evaporated and the residue stirred with THF (100 mi}. The
precipitate was filtered off, washed with hot THF (100 ml) and finally recrystallised from ethyl
acetate to yield 2.65 g (28.5 %) of white solid.
'"H-NMR  § 2.81 (s, 4H, COCHCH-CQ), 3.81 (d, *J=58Hz, 2H, CH,NHCQ), 3.90 (s, 2H,
SCH,CO), 4.29 (d, °J=5.8Hz, 2H, CH,NHCO), 7.55 {t, 2H, 3-H,,, 5"-Hy), 7.70
(t, 1H, 4"-Hy,), 7.95 (d, 2H, 2"-H ., 6'-Hy,), 8.60 (t, °J=5.8Hz, 2H, NHCOQ).
BCNMR § 2551 (COCHCH,CO), 3253 (SCH,CO), 3829 (CH,NHCO), 42.24
(CH:NHCO), 127.10 (m-Ca;), 128.38 (0-Ca), 134.30 (p-Cas), 136.15 (i-Ca),

166.53 (CONH), 167.50 (CONH), 169.72 (COS), 170.23 (COCH;CH,CO0), 191
(CO0).

N-hydroxysuccinimidyl-S-benzylthioglycolate

S-Benzylthieglycolic acid (18.224 g, 100 mmol) and N-hydroxysuccinimide (11.5 g; 100
mmol) were dissolved in 200 mt THF. The reaction mixture was cooled to 0-5 °C and a
solution of DCC (22.33 g, 110 mmol) in 100 ml THF was added dropwise over a period of 30
min. The reaction mixture was stirred at 0°C for 1 h and then for 16 h at room temperature.
The precipitate formed was filtered off and the filter cake was washed with boiling THF
(2x100 ml). The filtrates were combined and evaporated to yield a colourless oil. After

crystallisation from hexane/diethylether a white crystalline product was obtained (19.33 g;

69.3%).
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S-benzylmercaptoacetyldiglycine

N-hydroxysuccinimidyl-S-benzylthioglycolate (19.33 g; 69.2 mmol) was dissolved in 150 ml
acetonitrile at 50°C and diglycine (9.142 g; 69.2 mmol) dissolved in a mixture of NaOH I N
(70 ml) and water (70 ml) was added. The reaction mixture was stirred at room temperature
overnight and then acetonitrile was removed by evaporation. The resulting aqueous solution
was washed with diethylether (2x250 ml) and adjusted to pH 2 by the addition of hydrochloric
acid 6 N. The resulting precipitate was filtered off, washed with water and dried under reduced

pressure. Yield: 14.5 g (71%).
S-Benzylmercaptoacetyldiglycine-N-hydroxysuccinimide ester

To a solution of S-benzylmercaptoacetyldiglycine (592 g; 20 mmol) and N-
hydroxysuccinimide (2.3 g; 20 mmol} in 100 ml acetonitrile/dimethylformamide (9:1) was
added DCC (4.53g, 22 mmol). The reaction mixture was stired overnight, the
dicyclohexylurea formed was filtered off and the filtrate was evaporated under reduced
pressure. Acetonitrile (50 ml ) was added to the dry residue and again the precipitate was
filtered off. The filtrate was evaporated and the residue was stirred with THF (50 ml) during
72 h. The white precipitate was filtered off, washed with THF (100 ml) and dried under
reduced pressure at 60°C. Yield: 3.22 g (41%)
IH-NMR 3 2.8 (s, 4H, COCH,CH,CO), 3.1 (ds, 2H, SCH,;CO), 3.8 (s, 2H, ArCH, d, 2H,
NHCH;CO), 4.3 (d, 2H, CH,NHCO), 7.3 (s, SH, ArH}, 8.35 (t, 1H, CO-NH), 8.6
(t, 1H, CONH).
Oligodeoxynucleotides
GX-1 is a 20-nucleotide (20-nt) antisense oligodeoxynucleotide with proven access to a site on
exon 2 of the mRNA of the CAPL oncogene (11). The sequence of GX-1 is 5-GGA AGG
TGG ACA CCA TCA CA-3’. CTRL2 is a scrambled control ODN that contains the same 20
nucleotides as GX-1, but in a random order. The sequence of CTRL2 is 5’-AGT GAC CGA
CTA GGC ACC AA-3". Phosphodiester GX-1 and CTRL2 with an aminohexyl linker on the
3'-end were synthesised by Eurogentec (QOugree, Belgium). The corresponding

phosphorothioate GX-1 and CTRL2 were synthesised by Oligon AS (Oslo, Norway).
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In order to study the labelling process and possible in vitro/in vivo instability, a 15-nt and a 10-
nt ODN with phosphodiester backbones were synthesised by Eurogentec. These shorter ODNs
correspond to respectively the first 15 and 10 deoxynucleotides of GX-1 and were made with a
3’-aminohexyl linker as the other ODNs,

Conjugation of S-Bn/Bz-MAG2-N-hydroxysuccinimide ester with PO and PS ODNs
Lyophilised ODNs in a quantity range of 20-50 nmol were dissolved in 100 pl 0.05 M
phosphate buffer (PB) pH 7.5. The solutions were heated in a boiling water bath for 2 min and
snap cooled in ice water. A solution of 400 pg S-benzoyl (or S-benzyl-)
mercaptoacetyldiglycine-N-hydroxysuccinimide ester in DMF was added under vortex mixing.
The conjugation reaction was allowed to proceed at ambient temperature for at least 2 hours.
In several cases, the reaction rixture was left for longer periods of time, in one experiment up
to 1.5 weeks.

After conjugation, the S-benzoyl-MAG2-ODNs were purified by high performance liquid
chromatography (HPLC). Isolated peaks were evaporated to dryness under reduced pressure
and the residue was stored or used as such for labelling with ®™Tc.

HPLC conditions: Hewlett Packard system 1050 {autoinjector, on-line degassing, gradient
pump, column oven, variable wavelength detector set at 254 nm). Column. SynChropack RP-P
C18 6.5 um column, 4.6 mm x 250 mm (SynChrom Inc., Lafayette, In). Mobile phases at a
flow rate of | ml/min: linear gradient mixtures of 0.025 M PB pH 5.85 (A), distilled water (B)
and methanol (C). Gradient: 0°:100% A, 15:80% A/20% C, 20°:50% A/50% C, 20.1":50%
B/50% C, 257:10% B/90% C, 28°:10% B/90% C, 30":100% B.

The S-benzyl-MAG2-ODNs were purified on a Sep-Pak C18 Light mini-column (Waters,
Milford, Massachusetts) according to the following procedure: preconditioning of the column
with successively 10 ml 96% (V/V) ethanol and § ml 0.05 M PB pH 7.5, after application of
the conjugation reaction mixture {110 ul), the column was eluted with successively 1 ml 0.05
M PB pH 7.5, 1 mi distilled water and 1 ml CH;CN. The acetonitrile eluate was evaporated to

dryness under reduced pressure to obtain a residue of the $-benzyl-MAG2-ODN.
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Labelling with technetium-99m

The $-Bz/Bn-MAG2-ODNs obtained from HPLC or Sep-Pak purification were dissolved in
100 pl 1 M carbonate buffer (CB) pH 8.5 or 9.3, and subsequently 5 mg potassium sodium
tartrate, 100 pg SnCl.H,O dissolved in 50 pl 0.05 N HCl and 1 ml 0.1-1 GBq sodium
pertechnetate eluate ((FETEC, Isopharma AS, Norway) were added. The mixture was heated
in a boiling water bath for 10 min. After cooling to ambient temperature, the radiochemical
purity was determined by reversed phase HPLC (as described above for purification of the S-
benzoyl-MAG2-ODN conjugate). For determination of specific activity, the oligonucleotide
concentration was determined using a GeneQuant spectrophotometer (Pharmacia Biotech,
Cambridge, England) measuring absorbance at 260 nm. The radicactivity in the sample was
determined in a VDC 404 ionization chamber (Veenstra Instruments, Joure, The Netherlands).
Stability of "™ Tc-labelled MAG2-ODNs in solution

After labelling, the reaction mixtures were stored at room temperature and samples withdrawn
for HPLC analysis at fixed time points up to 24 hours. After 30 min and 3 hours, each *"Te¢-
MAG2-ODN was analysed using Sep-Pak C18 Plus columns and the radioactivity in each
elution fraction was counted using a Packard TopCount gamma counter (Packard Instrument
Company, Meriden, CT). Each Sep-Pak columin was conditioned with 5 ml ethanol foliowed
by 2.5 ml 0.1 M Tris buffer pH 8; then 6 pl sample (diluted to 60 pl in distilled water) was
applied and the column eluted with 5 mi distilled water followed by 2 ml CH;CN. The activity
eluting in the acetonitrile fraction was considered to be due to intact #mTe-MAG2-ODN (see
below).

Stability of ™™ Tc labelled MAG2-ODNs to excess cysteine

The stability of the *™Tc-MAG2-ODN complexes to cysteine challenge was studied at two
cysteine concentrations. A 300- and 30-fold excess of L-cysteine over S-Bn/Bz-MAG2-ODN
was added to each reaction mixture and the stability of the ®Tc labelled conjugate studied by
HPLC analysis at fixed time points over the next 3 hours. A control sample without L-cysteine

was analysed in conjunction with the last time point.
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Stability of ”™Tc-labelied MAG2-ODNs in serum

To determine the stability of the ®™Tc labelled MAG2-ODNs towards transchelation, each
#™Tc-MAG2-ODN (100 pl) labelling reaction mixture was mixed with 400 ut heat-inactivated
foetal calf serum (FCS) and the mixture incubated for 3 hours at 23°C. At 5, 15 and 60 min,
samples were analysed by HPLC after elution from a Sep-Pak C18 Plus column (5 ml ethanol,
2.5 ml 9.1 M Tris. HCI buffer pH 8, 60 pl sample, 5 mi distilled water, 2.5 ml CH;CN). At 30
min and 3 hours, the stability was studied by Sep-Pak C18 Plus elution alone. Four elution
fractions from the mini-column were analysed for radioactivity: (1} the 5 ml of water, (2) the
first 0.5 ml CH;CN, (3) the next 0.7 ml CH:CN and (4) the final 1.3 ml of CH;CN. The total
radioactivity of each fraction and the remaining activity on the mini-column was counted using
a 2-in. Nal(TI) scintillation detector connected to a multichannel analyser (Canberra Series 20,
Meriden, CT).

Stability of *™Tc-labelled MAG2-ODNs in blood

The stability of ®Tc-MAG2-GX-1 with PO or PS backbones in vivo in blood was studied in
mice. An activity of 37 MBq of each radiolabelled conjugate (0.3-2.5 nmol} in a volume of
100 pl, was injected intravenously in each of three mice via a tail vein. The animals were
sacrificed at 5, 15 and 60 min post injection and blood sampled in polypropylene tubes
containing 50 pl heparin solution (5000 IE/ml). The blood samples were separated and
analysed on Sep-Pak C18 Plus mini-columns and using HPLC. The mini-columns were first
conditioned with 5 ml ethanol, followed by 5 ml 1 M CB pH 8.5 and then up to 500 pl of the
blood sample was applied. Each column was subsequently eluted with 5 ml distilled water and
then 2.5 ml CH3CN, which was collected in three fractions (0.7 ml, 0.5 ml and 1.3 ml). The
radioactive content in each fraction was quantified as described above.

Biodistribution in mice

After approval by the National Committee for Experiments on Animals, the bicdistribution of
the ®"Tc-MAG2-GX-1 and ™ Tc-MAG2-CTRL2Z with PO as well as PS backbones was

studied in normal white mice (Hsd:KRF, body mass 20-25 g). A dose of 370 kBq (3-25 pmol)
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of each of the conjugates was injected via a tail vein in each of eight mice. Four animals in
each group were sacrificed after 5 min and the rest at 60 min post injection. Organs were
dissected and the radioactivity in each organ counted in a 3-in. Nal(TT) well crystal sample
changer (Wallac Oy, Turku, Finland). The activity in each organ was expressed as percentage
of injected activity, equal to the sum of net counts in all organs. To obtain data for excretion in
the urine, the floor paper in the individual cages was removed and counted along with the
urinary bladder. Blood values were calculated on the assumption that blood volume is 7 % of
total animal body mass. Corrections were made for background radiation and physical decay

during counting.

RESULTS
Conjugation yield
S-Benzyl-MAG?2 could be conjugated to all the 20-nt ODNSs at pH 7.5, as judged by the ability
to label the ODNs with ®™Tc after conjugation in contrast to the unconjugated ODNs.
However, we were not able to distinguish by HPLC the conjugate from the main ODN peak
eluting at 19-20 min in HPLC either before or after purification on the mini-column. It cannot
be ruled out that possibly the quantity of the conjugate was too low to be detected by the
variable wavelength detector. Therefore, the conjugation yield has not been quantified.
The conjugates of S-benzoyl-MAG2 with the ODNs appeared as a separate peak eluting at
99 0-22.6 min in the HPLC. The conjugation yield could therefore be determined on the
assumption that the S-benzoyl-MAG2 moiety does not contribute considerably to the
absorption of the conjugate at 254 nm. The conjugation yield for afl four 20-nt ODNs is
presented in table 1. No differences in conjugation yield were obtained for reaction times
ranging from 2 hours to 1.5 weeks (results not shown).
The 15-nt ODN conjugate to $-Bz-MAG?2 eluted 1.3 min after the pure ODN peak (at 19.6
and 18.3 min, respectively). The conjugation yield was 12 %.
The 10-nt ODN conjugate to $-Bz-MAG2 eluted 1 min after the unconjugated ODN peak {at

18.5 and 17.8 min, respectively). The conjugation yield was 9 %.
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Table 1. Conjugation yield of S-benzoyl-MAG2-ODN after conjugation for 24 hours as

percentage (and range) of total quantity ODN present in the reaction mixture (n = 3}

ODN : PO-GX-1 _ POCTRL2 = PS-GX-1  PS-CTREZ

Conjugation yield 339 5.4 35,6 254
(33.1-34.6) (4.2-6.9) (33.9-37.5) {21.5-29.3)

Labelling with technetium-99m

The S-BzZBn-MAG2-ODN conjugates were labelled with *"Tc as described above to give
#"Tc-MAG2-ODN complexes eluting at 21-22 min in the HPLC system. The final
radiolabelled complex of each ODN was the same, irrespective of the nature of the S-
protective group of the starting material, i.e. benzyl or benzoyl. The labelling yields obtained
with 8-Bn-MAG2-ODNs using purification with a mini-column, ranged from 70 to 84 % at 30
min post labelling. The only two impurities were *™Tc-MAG2 and ™ Tc-tartrate, eluting at
14.8 an.d 3.5 min, respectively. Since the S-Bn-MAG2-ODN conjugate could not be
distinguished from the pure QDN, it is important to note that attempts to label the
unconjugated ODN in the absence of S-Br/Bz-MAG2-NHS, gave only *™Tc in colloidal form,
a result in good accordance with previous reports (2, 4).

With S-Bz-MAG2-ODNs, labelling yields above 90 % were repeatedly reached at 30 min post

_ labelling {table 2). The main impurity was **"Tc-MAG2 in all preparations.

Labelling of the $-Bz-MAG2 conjugate of the 15-nt ODN gave 86.2 % of a “™Tc-MAG2-
ODN peak eluting at 20.6 min. The main impurity was ™ Tc-MAGZ. Labelling of the
conjugate of the 10-nt ODN gave a labelling yield of only 29.1 % #mTe-MAG2-ODN eluting
at 20.3 min, while the *™Tc-MAG?2 peak amounted to 58 %. The low labelling yield is possibly
due to contamination with $-Bz-MAG? in the fraction collected from the HPLC. The $-Bz-
MAG?2 peak in the purification of the reaction mixtures of these conjugation experiments

shows pronounced tailing and probably contaminates the peak collected at 18.5 min.
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Table 2. Labelling yields for the *Tc-MAG2-ODNs obtained from S-benzoyl-MAG2-ODNs

(average of 3 experiments)

__Substance _ Labelling yield, % (range) -
#mTe-MAG2-GX-1 (PO) 93.2 (90.4-96.9)
#mTe-MAG2-CTRLZ (PO) 94.3 (92.4-95.1)
#mTe-MAG2-GX-1 (PS) 91.4 (89.5-94.7)
#mTc-MAG2-CTRL2 (PS) 957 (94.2-97.2)

Stability

The stability of the *™Tc-labelled 20-nt ODNs with PO and P8 backbones was studied in the
reaction mixture, i.e. a predominantly aqueous solution. A tendency for an increase in
radiochemical purity was seen with three out of four substances (fig 2). The relative amounts
of the fourth substance (PO *™T¢-MAG2-CTRL2) remained unchanged during the time
course of the study. The increase is probably due to transchelation from the main impurity,
99mTc.MAG2, as the proportion of this substance decreased in accordance with the ™ Te-

MAG?2-ODN increase.

100 - 3
. —=— PO GX-1
—— PO CTRL2
004 ' — —— PS GX-1
——PS CTRL2

80+

Radiochemical purity
(%)

70 T T 1
0 10 20 30

Time (hrs)

Figure 2. Stability of four #9m T MAG2-ODN5 in agueous solution. All values are means of 2

or more results, except for PO CTRL2 at 24 hours. Ranges of observations are indicated.
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Cysteine challenge has frequently been applied to technetium-99m labelled compounds in order
to study the chelation strength of the molecule and to get an indication of the likely stability of
the complex in vivo (12, 13). The stability of the 20-nt *™Tc-MAG2-ODNs to challenge from
a 30- and 300-fold excess of L-cysteine was studied over a period of 3 hours after addition of
the challenger. All complexes were stable in the presence of a 30-fold excess of cysteine (table
3). In fact, cysteine at this concentration did not interfere with the increase in radiochemical
purity observed in aqueous solution. However, all *"Tc-MAG2-ODNs showed instability to a
300-fold excess of cysteine. Particularly the phosphorothioates expressed pronounced

instability.

Table 3. Radiochemical purity (%) of *"Tc-MAG2-ODNs after 3 hours with and without
challenge of a 30- and 300-fold excess of L-cysieine

ODN Without cysteine 30:1 Cysteine:ODN  300:]1 Cysteine:ODN
GX-1(PO) 953 > 99 9.5

CTRL2 (PO) 94.0 92.0 68.9

GX-1 (PS) 98.3 98.3 <1

CTRL2 (PS) > 99 > 099 <1

After incubation in foetal calf serum, the stability of the “™Tc-MAG2-ODNs was first assessed
by elution through a mini-column at 30 min and 3 hours after mixing with the serum. In the
first 5 ml of water, contaminants like *™Tc0," and *"Tc-MAG2 were eluted along with the
serum proteins. The next 2.5 ml CH;CN contained the *™T¢-labelled ODNs regardless of PO
or PS backbone, as determined in a separate experiment (data not shown). Fig. 3 shows that
the percentage of the activity eluting with the CH,CN-fractions was relatively constant,
starting at more than 99 % and staying well above 80 % for all "™Tc-MAG2-ODNs even after
3 hours. Both of the PO *™T¢-MAG2-ODNSs are less stable than the corresponding PS *™Te-

MAG2-ODNs.

Copyright ©1999 John Wiley & Sons, Lid. J. Labelled Cpd, Radiopharm. 42, 737-760 (1999)
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For one PO-ODN (*™T¢-MAG2-CTRL2) and one PS-ODN (P"Tc-MAG2-GX-1), samples
were removed from incubation in FCS at 5, 15 and 60 min, separated on a mini~column and the
fractions subsequently analysed on HPLC. The analyses revealed the radioactive species
eluting with each fraction off the mini-column, and the overall content of intact ®*Tc-MAG2-
ODN could be calculated (fig. 4). The *"Tc-MAG2 contaminant eluted with the aqueous

eluate along with some of the **Tc-MAG2-ODN. In the 0.5 ml and 1.3 mi CH,CN fractions,

Radiochemical purity
(%)

—n— 99mTc-MAG2-PO-GX-1
704 —a—99mTc-MAG2-PO-CTRL2
50- —=— 99mMTe-MAG2-PS-GX-1
—— 89mTe-MAG2-PS-CTRL2
50 T T T 1 T 1
0.0 0.5 1.0 1.5 2.0 25 30
Hours

Figure 3. Radiochemical purity of four 95m 1o _MAG2-ODNs after incubation in foetal calf
serum (n = 2) as measured by separation on a mini-column. Ranges of observations cre

indicated.

pure ®™Tc-MAG2-ODNs were eluted, while in the middle 0.7 ml fraction (and only there), an
unknown impurity appeared. On HPLC, this impurity eluted as a very broad peak 1-4 min prior
to the P™Tc-MAG2-ODN peaks. In the HPLC UV trace, no peak was accompanying the
unknown radioactive impurity. In all experiments, the radioactivity remaining on the column
accounted for less than 0.3 %.

The in vivo stability of one PO-ODN (" Te-MAG2-GX-1) and one PS-ODN "Te-MAG2-

GX-1) in blood was studied in normal white mice. The elution profile of 2 0.5-ml blood sample
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separated on a mini-column is described in table 4. The activity in each fraction was too low to
allow qualitative radio-HPLC analysis of all fractions. Only the 0.5-ml and 0.7-nl CH;CN-
fractions of the 5-min experiments could be analysed by radio-HPLC. The chromatograms of
each of the 0.5-ml CH;CN-fractions from PO and P§ *™T¢c-MAG2-GX-1 are shown in fig. 5.
The PS ®™Tc-MAG2-ODN did not show major signs of degradation, as only the original
*"T¢-MAG2-ODN peak eluting at 21.6 min could be detected. The PO *T¢-MAG2-GX-1,
however, appears only partially intact at 5 min post injection, as a new radioactive peak at 20.3

min appears (43 % and 57 %, respectively).

Radioactivity (%)
100

P Te-MAG2-ODN
Unknown impitrity
5 15 80
»0T¢-MAG2-PO-CTRL2 min

P=Te-MAG2-PS-GX-1
Figure 4. Content of radicactive components in mini-column elution Jractions 5, 15 and 60
min gfter incubation of two *"Te-MA G2-oligodeoxynucleotides (ODNs) in foetal calf serum
at 23°C and quantitative analysis by radio-HPLC.

The elution profiles afier the metabolite experiments are quite similar to the elution profile
observed for the FCS experiments. Also in the FCS-experiments, 10-20 % of the radioactivity
could be found in the 5-ml water fraction. Radio-HPLC of those fractions revealed that, in all
cases, leakage of the intact *™Tc-MAG2-ODNs into the water fraction in the presence of

serum proteins accounted for more than 95 % of this activity.
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Table 4. Percentage radioactivity in mini-column elution fractions after separation of whole

blood from mice injected with PO and PS *"Tc-MAG2-GX-1

Substance and 5 ml water 2.5 ml acetonitrile Column
incubation time _ (). @)
P e-MAG2-CTRLZ (PO), 5 min 15.2 819 29
T o-MAG2-CTRL2 (PO), 15 min 15.2 61.1 23.7
T 6-MAG2-CTRL2 (PO), 60 min 26.8 60.5 12.7
PmTe-MAG2-GX-1 (PS), 5 min 7.5 90.9 1.6
T MAG2-GX-1 (PS), 15 min 9.0 876 3.4
#mTe-MAG2-GX-1 (PS), 60 min 274 62.2 10.4
R\
- i s
28000 - B 2
a0 1h Ll umuiu.un_lq
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Figure 5: Radiochromatograms of o To-MAG2-GX-1 with phosphodiester (PO) backbone 30

min after labelling (A), the content of 0.5 mi CH;CN fractions from mini-column separation

of blood samples withdrawn 5 min after injection into mice of P To-MAG2-GX-1 with

phosphodiester (B) and phosphorothioate (C) backbones.
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Biodistribution

Table 5 gives an overview of the biodistribution of the ®*Te-MAG2-ODNs and ®™Tc-MAG2
in nermal mice at 5 min and 60 min post injection. In general, the four *™Tc-labelled ODNs
were evenly and similarly distributed throughout the test animals. However, there were some
differences in blood, liver and intestinal uptake. The main route of excretion was urinary. After
5 min, 28-38 % of the injected activity had been excreted to the urine, increasing to 67-76 %

after 60 min, irrespective of ODN backbone. Some hepatobiliary excretion was also observed,

Table 5. Biodistribution in mice of two PO and two PS " Te-MAG2-ODNs 5 min and 60 min
after injection (n = 4). Values are expressed as mean % uptake of injected dose (ID) per gram
tissue + standard deviation (SD), except for values (*) expressed as total radioactivity

excreted in urine and bladder

5 min
Organ  ""TcMAGZ-PO- ™ Tc¢-MAGZ-PO- ™ Tc-MAGZ-PS- ™ Te-MAGIZPS- “ Tc-MAG2
GX-1 CTRL2 GX-1 CTRL2 -
Urine 38.3 (+5.3)* 32.7(49.3)* 287 (+I1B9)*  369(:9.1)* 148 (+2.1)*
Kidneys 10.4 (+8.8) 9.7 (+2.1) 9.6 (+2.7) 9.7(+3.4)  14.9(+1.2)
Liver 25.9 (45.3) 29.3 (+4.9) 26.2 (+4.6) 204 (45.4)  6.5(+0.3)
Spleen 0.4 (+0.1) 0.8 (10.5) 0.3 (+0.1) 0.3 (+0.1) 2.3 (+0.2)
Intestines 3.1(+0.4) 3.3 (+0.4) 52(x2.4) 3.4 (x0.9) 3.1 (0.1
Stomach 0.3 (+0.1) 3.9 (+7.0) 0.4 (+0.3) 0.3 (+0.1) 1.3 (+0.4)
Lungs 1.1{+0.3) 1.1(+0.2) 1.6 (+0.5) 0.9 (+0.1) 6.5 (+0.4)
Heart 0.7 (+0.2) 0.9 (+0.1) 0.9 (+0.1) 0.7 (+0.2) 5.3 (+0.8)
Blood 2.1(+0.2) 2.4 (+0.3) 3.1 (+0.6) 25(+04)  17.2(+0.5)
60 min
Organ S MTe-MAG2ZPO-  P"Tc-MAG2-PO-  “™Tc-MAG2-PS- ™ Tc-MAG2Z-PS- “™Tc-MAG2
GX-1 CTRL2 G4  CmRL2
Urine 74.0 (+3.9)* 67.7(x1.1)* 764 (+4.4)* 725 (£5.8y% 482 (+7.1)*
Kidneys 0.7 (+0.2) 3.9 (+5.1) 0.7 (+0.5) 0.5 (+0.2) 51(+1.0)
Liver 55(+1.1) 8.0 (+3.8) 1.5 (+0.5) 1.2 (+0.7) 1.7 (+0.3)
Spleen 0.1({+0.1) 0.4 (+0.2) 0.1 (+0.1) 0.1¢+0.1) 0.8 (+0.3)
Intestines 5.3 (+0.5) 7.2{+2.6) 5.5 (+0.9) 6.9 (+1.9}) 6.9 (+0.5)
Stomach 0.1 (#0.1) 1.3 (#1.7) 0.3 (+0.2) 0.4 (+0.4) 0.4 (+0.3)
Lungs 0.1 (+0.1) 0.4 (+0.2) 0.1(+0.1) 0.1 (+0.1) 1.7 {(+0.1)
Heart 0.1(+0.1) 0.3 (+0.2) 0.1 (0.1} 0.1 (+0.1) 1.0 (+0.2)
Blood  _03(0.1)  07(:03) _ 03(01) 020301  42(x10)

* percent of injected dose in total urine
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with an approximately equal initial uptake of about 31 % for the PO and PS ODNs at 5 min.
At 60 min, the liver retention of the *™Tc-labelled PO ODNs was significantly higher than that

of the PS ODNs (p=0.002, 2-sided student’s t-test).

DISCUSSION
When S-benzoyl-MAG2 was conjugated to 20-nt ODNs, up to 35 % of the ODN reacted to
give an ODN-BCA conjugate. The conjugation yield was apparently independent of PO or PS
backbone, as GX-1 (PO), GX-1 (PS) and CTRL2 (PS) all gave comparable conjugation
yields. CTRL2 (PO) continuously gave lower yields, without any obvious reason. However, all
four S-benzoyl-ODN conjugates appeared as distinct peaks in the HPLC chromatograms and
were casily collectable. This was not the case when S-benzyl-MAG2 was conjugated to the
ODNs. No new HPLC-peaks could be detected at 254 nm, except for the appearance of §-Bn-
MAG2-NHS active ester and the free acid S-Bn-MAG2. This could be due to a very low
conjugation yield or to co-elution of the conjugate with the unconjugated ODN. However,
with the mini-column separation applied in this study,
the mixture of ODN and ODN-MAG2 conjugate was collected and labelled to give FmTe.
MAG2-ODN complexes identified as the same as those obtained when the 5-Bz-MAG2-CDN
conjugates were labelled. Unconjugated ODN can not be labeiled directly.
A benzyl thioether is by far more stable than a benzoyl thioester. While thioesters are efficiently
hydrolysed at slightly alkaline pH, benzyl thioethers require quite drastic conditions for their
decomposition, such as treatment with sodium in liquid ammonia (14). In the conditions of
exchange labelling normally used to label S-benzyl protected mercaptoacetyltripeptides with
#m™Tc, only trace amounts of free thiols are generated, but this is sufficient to allow a
reasonable binding of *™Tc (15). However, this high stability of the thioether could be the
reason why labelling yields above 84 % could not be obtained with the S-Bn-MAG2-

conjugate, regardless of prolonged heating of the labelling mixture {results not shown). When
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benzoyl was the protective group, all four ODN-conjugates could casily be labelled to a
radiochemicai yield better than 90 % at 100°C for 10 min.

The *"Tc-MAG2-ODNs were stable in solution once formed. In general, no sign of
degradation could be observed 24 hours after labelling. On the contrary, an increase in
radiochemical purity over a 24-hour period was observed when $-Bz-MAG2-ODNs were
labelled, eventually resulting in more than 99 % pure ™ Tc-MAG2-ODNs. A simultaneous
decrease in the “"Tc-MAG?2 impurity was observed, leading to the conclusion that ®™Tc was
transchelated from the N;SO-chelator MAG?2 to the stronger N;S-chelator in the MAG2-ODN
conjugate. It can be assumed that, as a function of time, an increasing fraction of the thiols of
the conjugate are present in deprotected form when the S-Bz-MAG2-ODN conjugate is used
for labelling. Therefore, transchelation is likely to occur. The same observation was not seen
for $-Bn-MAG2-ODNs, even though these *™T¢c-MAG2-ODNs were also very steble once
formed. This may be due to the more stable benzyl protecting group which is not split off at
ambient temperature in the conditions present in the labelling reaction mixture.

For potential use as a tracer agent in diagnostic imaging, the radiolabelled ODNs must be
relatively stable in vivo towards degradative enzymes as well as against competitive “™Fe-
binding igands such as free thiols from glutathione or proteins (16, 17). Three different assays
were utilised to study the stability of the *™Tc-MAG2-ODNs. Cysteine challenge was studied
first as a test for complex strength of the radiolabelled ODNs. Then, heat-inactivated foetal calf
serum was used in order to further study the transchelation process and possibly protein
association with only minor interference from degradative enzymes (18). The last test was to
study the resistance of the *™Tc-MAG2Z-ODNs to enzymes, transchelation and protein binding
in circulating bloed in vivo. Unmodified PO ODNs have a survival time ranging from seconds
to minutes in blood due to the presence of exonucleases, in particular those attacking from the
3’-end (19, 20, 21). With a PS modification, ODNs can survive for hours in vivo (22, 23, 24).
The PO ODNs of this study were protected on the 3’-end by the aminohexyl linker and the

#=Tc-MAG2 chelate as a protective cap {25). With such an end capping, more than 40 % of
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the PO *™Tc-MAG2-ODN was found to be intact after 5 min in circulating blood. The PO
#mTe-MAG2-ODN was most likely degraded to smaller chain ®™Te-MAG2-ODNG, as a new
radioactive peak eluting in the same area as 10-nt and 15-nt “"Tc-MAG2-ODNs was
observed. The PS ®™T¢-MAG2-ODN remained completely intact 5 min after injection. At 15
and 60 min, the radioactivity had been distributed to such an extent throughout the test animals
that the radioactivity remaining in the blood was too low to be detected in quantitative radio-
HPLC analysis. However, the elution profile through a mini-column provided the information
that a further breakdown, transchelation or protein binding to more polar components did not
occur. In FCS, up to 30 % of the radioactivity of the PO *"Tc-MAG2-ODNs and 24 % of the
PS ®"Tc-MAG2-ODNs was found to be transformed to an unknown impurity eluting as a
broad and peorly shaped peak a few minutes before the intact #mTe-MAGZ-ODNs in radio-
HPLC. This transformarion occurs without any recognisable pattern at the time points studied,
but is most likely due to a transchelation reaction. In the cysteine experiments, transchelation
from the P Tc-MAG2-ODNs was observed when the concentration of cysteine was in a 300-
fold excess. Instability in the presence of cysteine is known for 15-nt #mTe-MAG3-ODNs at a
650-fold excess of L-cysteine (3). Transchelation at a 300-fold excess of cysteine does not
appear to have any clinical importance for PO and PS $mTe-MAG2-ODNs, as transchelation
was not a predominant event in the in vivo blood metabolic studies.

The biodistribution of the PO and PS ¥ Tc-MAG2-ODNs was studied in normal mice. The
level of liver uptake of 1-8 % at 60 min is in the same range as in previous reports with *H-
labelled 20-nt (26) and '"'In-DTPA-coupled 15-nt ODNs (1). However, the *H-ODNs, without
any 37- or 5°-end modifications were distributed in the reverse order with respect to the
backbone at 60 min, ie. the phosphorothioate backbone ODNs showed the highest liver
retention. The '"'In-DTPA-aminohexyl- PO and PS ODNs distributed in equal amounts to the
liver. With a PO ™ Tc-Hynic-ODN (22-nt), a 1.9 % ID/g uptake in liver was observed after 4

hours (27), comparable to the observations in this study. However, a very high uptake of 47 %
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ID/g was observed for the *™Tc-Hynic-ODN PS analogue, possibly due to an increased
affinity for protein of this particular compound.

As a further demonstration of the hepatobiliary excretion, the intestines were the only organ in
addition to the urine that displayed increasing uptake of radioactivity during the time interval
studied. In the intestines, there was a tendency for higher uptake of the PS over PO ODNs at 5
min as well as at 60 min p.i., but the difference was not significant.

The urinary excretion of the PS *"Tc-MAG2-ODNs was higher than that observed with 20-nt
PS ODNs internally labelled with **S (25). Probably, the negatively charged and rather polar
P™Tc-MAG2 moiety contributes in making the PS ODNs more prone to be excreted through
the kidneys.

The biodistribution of all ®*Tc-MAG2-ODNs was distinctly different from the biodistribution
of ®™Tc-MAG?2 alone, supporting the conclusion that the bifunctional chelating agent has
formed a stable conjugate to the ODNs and the radiolabelled chelating agent was not cleaved
in vivo,

The radiolabelled chelating agent MAG?2 displayed significantly higher blood retention and was
excreted much slower through the kidneys as well as the hepatobiliary system,

The blood metabolites study demonstrated that the PO ®™Tc-MAG2-ODNs were degraded
more than 50 % in 5 min. Some of the differences observed between the PO and PS ™ Tc-
MAG2-ODNs may be attributable to the faster formation of shorter chain oligomers for PO
than for PS ODNs. Probably, the *"Tc-MAG2-aminohexyl portion stays intact, while the 20-
nt ODN portion may be degraded to some extent. A possible explanation why the differences
in biodistribution for the PO and PS **Tc-MAG2-ODNs were not greater than those
observed, could be a partial, but not complete destruction of the ODN chain, This could also
explain why an accumulation of radicactivity is not seen in the spleen, as has been observed
with internally labelled PO ODNs (26), with the possible explanation that oligomeric

degradation products are retained in this organ. In the case of the PO *™Tc-MAG2-ODNs, the
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spleen would retain the smaller unlabelled PO oligomers and not the residual oligomers with
the intact aminohexyl-MAG?2 portion actuaily carrying the radionuclide.
In a previously published biodistribution study (4) on two ®mTe-MAG3-0ODNs with PO
backbones, a similar excretion pattern to that of the #mTe-MAG2-ODNs was observed, with
comparable values for urinary excretion and intestinal uptake. However, clear differences can
be seen in initial blood retention and in liver uptake. On average, 9 % of the $mTe-MAG3-
ODNs were found in the blood 5 min p.i., i.e. 2.5 times higher than with the PO ™ Tc-MAG2-
ODN:s. Liver uptake of the *™Tc-MAG3-ODNs at 5 min p.i. was less than half of that of the
9m1..MAG2Z-ODNs. At 60 min, the ”"Tc-MAG3-ODN liver activity was still less than half of
the PO *™Tc-MAG2-ODN, but now slightly higher than the PS ***Tc-MAG2-ODN activity.
The differences observed in biodistribution pattern between oligodeoxynucleotides carrying
the radioactive label by various chelating agents like MAG2, MAG3, Hynic, DTPA or via
internal labelling, strongly indicate that the chelating agent and the radiolabel are important
determinants for the biological distribution of the ODNs. This is important knowledge in the
proceeding effort to make radiolabelled ODNs for scintigraphic procedures that, on the one
" hand can enter cells for mRNA target association, and on the other hand possess properties for

a rapid background clearance.

CONCLUSIONS
S-Benzoyl-MAG2-NHS can be conjugated to 20-nt oligodeexynucleotides to give a 25-35 %
conjugation yield for three of the four ODNs included in this study. The fourth ODN (PO
CTRL2) had a mean conjugation yield of 5%. All conjugates appeared as separate peaks in
reversed phase HPLC, and could easily be collected and labelled with #¥mT¢ with radiochemical
yields over 90 %. When S-benzyl-MAG2-NHS was used for conjugation and the conjugate
was separated from the free chelator on a mini-column, maximum labelling yields of 84 % were

reached.
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The **Tc-MAG2-ODNs were stable in solution. In fact, an increase in radiochemical purity
over 24 hours was observed for three out of four complexes. The increase in radiochemical
purity is assumed to be a consequence of a transchelation of *™T¢ from ™™ Tc-MAG2 to ™ Te-
MAG2-ODN.

The *™Tc-MAG2-ODNSs were stable towards transchelation to a 30-fold excess of cysteine,
but when the cysteine concentration was raised to a 300-fold excess, the ®*T¢-MAG2-ODNs
expressed great instability, particularly the PS ODNs. In foetal calf serum, up to 30 % of the
radioactivity could be recovered as an unknown impurity after 60 min. In blood in vivo, the PO
#™Te-MAG2-ODNs are degraded more than 50 % in 5 min, while the PS analogues remain
intact. During the 60 min duration of the study, up to 28 % of the radioactivity was associated
with the protein fraction eluting off 2 C18 mini-column.

In biodistribution studies in normal mice, the PO and PS analogues of the ™ T¢-MAG2-ODNs
were distributed in a similar way at the time points studied. A significant difference was
observed in the liver retention at 60 min, as the PO ™" Te-MAG2-ODNs were retained to a
higher extent than the PS analogues. This could be due to a higher retention of shorter chain
PO oligomer breakdown products with the aminohexyl-MAG2-**T¢ label intact,

The biodistribution of the ®™Tc-MAG2-ODNs was found to be similar to the biodistribution of
#"T¢-MAG3-ODNs, but very different from the biodistribution of #"Tc-Hynic-ODNs. The
additional information gained from this study leads to the conclusion that the choice of
bifunctional chelating agent for ®™Tc is of great importance for the in vive distribution of

technetium-99m labelled oligodecxynucleotides.
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