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‘ Abstract ' s ;

o 'Pmu{ lctin (PNA) s a plaat protein of 110,000 daltons which binds speci.ﬁcauy’xo the

e

‘ dxsacchande B- D Gal- (1-»3) a- GalNAc the unmunodetermmam structurc of -the

>

Thomsen Fnedenrelch (T-F) antigen. This anngen is f ound in unmasked form ina variety of

carcinomas, as well as m crypuc form in many aormal ussues lodmated (**1 or ‘“I) PNA has

~

becn used asa radxopharmaceuucal for Lhe-m vivo scmugrapby of both animal and human

tumours howpver dunng bmdxstnbuuon studles rapxd and selecnve ‘renal excretxon of

. rodmated PNA was noted I hére report on the, mvestxgatxon of the mechamsm of Tenail N
s
eicreuon of radxolodmated PNA and its uSé in the quantif 1cauon*ef renal f unction.

Peanut lectin was successf ully 1odmated vf“ th 1 and ”’I using the 1odqgen method

w0 . resulung in a stable radnolabelleﬂ pronm whlch retamed its' sugar bmdmg characternsucs

%
&

125, PNA or “‘I PNA was admlmste:ed mtravenously (t v. ) mto various strains of mice (AJ
CBA/CAJ c57b CAI-‘ 1/] ). NZW rabbits, mongrel dogs’ and humans and the rate of renal
uptake and excretion was quanmated usmg nuclcar medxcme techmques Rapxd rcnal

accumulauon of PNA wa"f noted in’ mxce rabbits, dogs and humans, with resultam - \)
: radnoacqvny noted m the umnc “following renal excretion, In normal rabbns the renal’; acnvuy \
{

; peaked at 37. Zi6 9 rmn P I with 19. 614 3%: of the xn]ected dose-at- peak in the kxdneys The

bladder contamed 12‘5; 3 9% of th,cjmj‘ectedvdose atlh _B.l..and the kxdney/hver Tatio was. |
determined as 18.9+1.8. The renal uptake and excretion of *'I-PNA was inhibited by the ptior
" administration of anti-‘PN/& IgG 'anu'b')dies and the glycoprotein epiglyicani'n or if ‘”I-PNA -
2

- was complexed to the: glycosylated HSA analogue asmlo GM, -HSA. The renal uptakc and.

'

: excrctmn of 1. PNA was not af f ected by f uroscmxde or ptobenecxd
In nonnal dogs the renal uptake and excretion of P11-PNA-was kmeueally snmlat o’
mbﬁxts (time- to peak4-4 6:t4 8.gam % i mJ dose -at- pcak 21. 813. 3%) with 12. 8:t5 % of the
| m]ected dOSe contamed m the bladder at1h Pl 'I'he renal uptakc of‘ 1. PNA was mhxbxted
| - by the concomitant mfusxon of D galactose The plasma pharmacokmeum of ‘"I PNA in dogs

£,

A5 wvere best d&scnbed by a two compartment’ exponcnual model (Ao : 68.23%, “ a= 0 31 b, B' .

\.~_’" ..

S e . =~ : §



= 39.75%, t} B = 1.19 h), and a vlume of distribution of 1.27 L and clearance of 17.52

mL.min"! calculated. T

» Immunoperoxidase renal histopaf.laolégy revealed that PNA was priuian’ly cleared from
~ the blood of mice, rabbits and dogs by binding to the basement membrane of the proximal
tubules, with a small proportion of binding also noted on the basement membrane of

-

inlercg.lated cells of the collecting duct. Following basement membrane binding, PNA was
i demonstratedWithin the tubular cells, and at later-time points, within the lumen of the
dephron. Urine analy'si\s re\lealed that the radieactivity irl the ;r’ipe at early time points was
primarily associated witl: intact PNA, along with smallér molecular weight proteln f raEmems,
and e small pfopo.onn of free I At later r.im{ the relative proportion of free iodide increased
in both plasma and uﬁne. The renal excretion of radioiodinated PNA ap T S
specif ic process of transport from the peritubular capillaries to the lumen!by the tubular cells. - ‘

The tubular toxic chemotherapeutic agent cis-platinum had a pronounced effect dn the
'. renal lxptake_end plasma clearance rate of '*!I-PNA in dogs. At comparable therapeutic doses
for human treemient, a decline in **'I-PNA clearance of 71.3:*:6.6% was observed, while
ERPF and GFR was 'only noted to drop by 20.9% 11.8%3 and ;16.6 +8.9% respectively. Dynamic
renal scintigraphie analysis confirmed a similal decline. in% in j: dose-at-peak {65.8¢ 12.l%)
: and % i m} dose in bladder at 60 min P.1. (67. 6+18. 1%) when compared w:Lh pretreatment
| esumates
| Studxes m. humans revealed a similar mechanism of*!1-PNA renal excretion, although
of slower rate than that for other ammals (time-to- peak 90i12 min, % an dose-at- peak =
20.2£4.6%). Pauents mjected with up to three doses of IMZPNA at six week mtervals dxd not
show elevated ntres of anti-PNA IgG IgM, or IgE anubodxes in serum, as determmed by
" ELISA assay, nor have any pauents shown acute or chronic side ef. fects f rom multiple
admmxstrauons of ”‘I PNA =

Sequenua.l ”'I PNA rena] uptake studles in patients undergomg cis- platmum

N

: chemotherapy have not to date revealed sxgmflcant changes in renal uptake which. could be
/

)



attributed to renal tubular dysfunction or toxicity. Variations in the renal uptake rate of

. I

11]-PNA have been demonstrated in patients with normal creatinine clearance and appear to be

-, due to-normal variations in the renal tubular receptor binding rate of *'I-PNA.

o

e
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1. INTRODUCTION
There exists a need in nuclear medicine for a radiopharmaceutical which would be_ suitable for
the quantification of renal tubular function, C urrent compounds availablg often suffer from a
lack 6f tubular specificity, non-specific mechanisms of tubular transport, or the presence of
competing elimination pathways. ~'

During Lhc in vivo investigation of radioiqdinatcd peanut lectin for-the scintigraphic - -
detection of tumours expressing the T-F antigen, both in animals anid in humans, the r'apid‘
renal uptake and subsequent urinary excretion of this large molecular weight (110,000 dalton)
protein was noted. Its excretion could not be explained in tenﬁs of known renal elimination
mechanisms, such as glomerular filtration, nor did its behaviour correspond to that of f re'e‘
inoréanic iodide. Several hypotheses were subsequently considered to explain this interesting
phenomenon, one of which postulated that the excretion of PNA was due to a tubular
transport mechaniéfn, which appeared related tvo the spexifict y\PNA exhil;its for membraﬁie

glycoproteins expressing the T-F Ianu‘gen. |

The expgrimen}s presented in this thesis were undertaken, initially to estabjish a
radioiodination procedure, quality control 'techm'ques axid methods wmch would ;llow the safe
- administration 6f 11 -PNA 1o humans. Following the est'ziblishmém of such methods, )
experiments were performed io .eluciciate the mechanism of ren‘al excretion of radioiodinated

(both %] #nd 1) PNA in animal models, to inyestigate the effect of varioﬁs pharmhcblogical
‘agentg on Lhe excretion of PNA, and to estapﬁsh kinetic models for the quantif. ication of renal.
- ex_crelti;n: r;tc Further experiments were performed to' assess if tﬁe rate of elimination could be‘
 related to the functional status of renal tubules, hence allowing quantification of tbular cell

f uqcﬁoﬁ using nuclear mediciné dynamic imaging téch;xicjues. Thus, the prifnad aim of this
work-was ultimately to determine if **1-PNA renal scintigraphy would be'a valuable addiﬁon_,

10 existing methods of renal function quantification, by comparing the behaviour.or '#1-PNA

t

~ with the morcﬁtabli.shed methods of assessing renal function.



2. SURVEY OF THE LITERATURE
"

2.1 RENAL FUNCTION TESTS

2.1.1 Radiopharmaceuticals for Renal Evaluation
The development of radionuclide methods for the evaluation of renal function and

morphology has been achieved by par}allel'developmems in three main areas i) Radioisotope

productioh ii) Instrumentation for the detection and quarnitification of in vivo distribution, and

iii) Design and syhthesis of a~pﬁropﬁate radiOphagm:_ﬁ%pticals‘which are localized and/or

excreted by the kidney~Advances in all three areas esulted in renal nuclear medicine

becoming one of the most useful tools available for the nephrologist in the diagnosis of renal

> .
[

function disorders.

Oeser and Billion! wer: Lhé first to describe the use of an in vivo administered

radxopharrpaeeuucal f or detcrrmmng renal function. ‘They measured the unnary elimination of

ahd Urqselectan B and Iopax using scmullatxon probes, however they failed to recogmze the
usefulness of monitoring the radioactivity in the region of the kidney. This was attempted
initially by Kimbel? who-:gene‘réted an activity/time curve over the kidney regi-one after the
administration of mI-Perabr.odil and ”‘I-Urographin. Taplin et al.’ we%c respensible for the
development of renography as we now know it. They obtained activity/time curves over the

»

kidneys followmg ”‘I Urokon admxmstranon using two colhmated scintillation detectors ind
two ratemeters connected to dual chart recorders. Although these initial attempts were

. unsucessful, the substituiion of ”‘I-Diotrast as the radiophar&aceutital resulted in
activity/time curves Wthh closely resemble the modern renogram‘ The above

radxopha.rmaceuucals)wever suffered from slow renal accumulauon and high extrarenal

\ .backgrouncl This was overcome by the introduction of **'- orthmodohlppuratc ("‘l OIH) m o

,1960f. Swick* had previously shown ghat OIH was rapldly accumulated and excreted by the -

kidneys and its kinetics were known to be similar to those of para-aminohippuric acid (PAH)".

.
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The development of radiolabelling methods for the incorporation of '3, '**] and more '

rbccntly 137 into OIH has resulted in the widespread use of radioiodinated OIH as the agent of

\
choice for renographRy?**-**.

2.1.1'1 Static Renal Imaging Agents

Renal static imaging was first attempted by Winter and Taplin* using
”‘I-Diod}ast, ho?vever this was unsucoessfui. Haynie er al'* were ﬁble to demonstrate
renaljnfarctiox;s m dogs but the high radiation burden limited clinical application with this
radiopharmaceutic_al. In 1956 chlormerodrin, a mércuﬁal diuretic, was labelled with ***Hg '
and subsequently was used clinically for renal imaging'*. The long half -life .of ’°-’Hg(46..8
d)* and high gamma‘-energy(279 keV) Tesulted in a high fadiation dose. The substitution of

1"7"Hg - Chlormerodrin by Sodee’’ reduced the radiation dose to the patient due to the

shorter half -life of ** ). however the lower gamma-energy of this isotope (77

keV, 91% abundance) resujted/in poorer spdtial resolution due to tissue attenuation.
The mercurial diuretics are highly bound to plasma proteins, mainly albumin, and
_are unabie to be filtered b); the glomerulus'®. They aré extracted by the renal tubuics and
Aare bound to sulphydryl groups of functipning cortical tubu]es."dire,ctly from renal vascular
capillaries'*. Approximately 45% of the radioactivity is localized in the cortical tubules 2 h
post igjectiou in patients with normal renal .function‘.’. The biological half-life of the
renally trapped actiirity is proldnged, allowing static imaging several days after '
adr.ninistra»tiont. The quantification of relative renal accumulation has been reported by

Reba et al.»® and others*-** as a measure of differential function.
| N . R
2.1.1.2 *MTc-Labelled Radiopharmaceuticals
Pcrhaps'thé grcafest advan;:e in the use of radiopharmaceuticals for renal ixnaging"
has been made because of the development of techniques f or the incorporation of

techneuum 99m (”"‘Tc) into radioligands Whlch are subsequently handled by the kidneys,

-----------------

'All radxoxsotopc data extracted from Table of Isotopes, 7th Ed, Lederer, C M., et &
John Wﬂey & Son Inc., New York, 1977. , :



This radionuclide possesses almost ideal physical properties for imaging with the Anger
camera (gamma-energy 140 keV, abundance 90%) and its short half-life (6 h) allows the
administratiorr of rélaLivcl;large amount¥ of activity(30-600 MBq) without the burden of
high radiation doses 10 the patient. In its generated form, "*MTc pertechnetate (""MTcO;)
is used extensively for perfusion studies utilizing dynamic first-pass acquisition. The
urinary excretion of **MTcQ; is relatively low and although it is freely filtered by the
glomcrulus,ﬁabout 85% of the filtered activity is reabsorbed by ihe renal tubules, precluding
its use for renal € uncdomstudjes". M TcO; is routinely used/ for the detection of
vesicoureteric reflux b& the iootopic micturating-cystourethrogram (MCU) technique?*?.
The xodionuclidc is ihstilléd dfir;octly into the bladder by either bladder puncture or
cathe{enzauon and ewdence of reflux is detcmuned by passage of "mTcO. up the ureter

N .‘dunng mxctumuon 7 f, :

"The ;edq_cjtaon of M Te( 'VII),_to the lower valency states by various reducing

4

" agents fa.llow's. the comp’le'xation of .‘this more reaciiVe chémical form to a variety of ligands.
Many compioxes of "’mTc have been reported and a chronologxcal list is summarized in__

Tamez’l o ST L %\,

- of the radlopharmaceuueals llsted m Table 2. 1 the most useful agents for the

e evaluauon of renél morphology appear to be "mTc gluconatc”‘" "MTc- glucoheptonatc
.("m'l'c.-GH)” "’""1.'(:-pemmllarnme"u *,a Te- DMSA” T, 9MTe- GH and

,"mTc DMSA have been used extenswely for cvaluaﬂon of ranal morphology as well as
unilateral renal function estimation.

. , "mTc 'GH complcx is prepared by reactmg the acxd or Na salt of GH with
‘chemacally reduced/pertechnetatc { Stann0us chgnde (SnCl,) or formamldme sulphomc
acid (FSA)) After admxmstrauan "m'l‘c GH is flltered by the glomerulus, however
E 20 30%.of the f 1ltrate is rmbsorbed by the tubules (both proxunal and distal). Thc
remaining actmty is ehmmated mto the bladdcr“ Good cortical smnugrams ate obtained

2- 3'\t\p05t mjectmn (P I ) after tranut of activuy from the renal pelvxs m paucnts wuh

LR

@ .

@
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Table 2.1 **MTc-Labelled Renal Agents

Agent Mechanism ofl Localization Author Year
*"MTc-Fe-Ascorbate Tubular reabsorption Harper et al.”’ 1966
*MTc-Citrate Glomerular filtration Kountz et al.*! 1967
"MTc-EDTA Glomerular filtration Fleay® 1968
"MTc-Sn-Gluconate Tubular reabsorption Charamaza et al.’* 1969
$*MTc-Sn-Mannonate Tubular reabsorption Charamaza et al.*° 1969
"MTc-DTPA . Glomerular filtration Eckelman er al.”! 1970
**MTc-Fe-ascorbate-DTPA Glomerular filtration Brookeman et al.** 1970
*MTc-Mannitol Glomerular filtration Subramanian et al.** 1971
""MTc-Sn-Inulin Glomerular filtration Subramanian et al.*! 1971
**MTc-Sn-Meglumine - Glomerular filtration Subramanian er al.*’ 1971
diatrizoate

"MTc-Sn-B-Glyceryl Glomerular filtration ‘Subramanian er al.*’ 1971
phosphate '
*MTe-Sn-Sorbitol Glomerular filtration Subramanian et al.*’ 1971
**MTc-Sn-n-methyl Glomerular filtration Subramanian e al.*’ 1971
glucamine .

. "MTc-Sn-Gelatin Tubular fixation Lebowitz et af** 1971
*MTc-Sn-Caseidin Tubular fixation Winchell gr af.** 1971
*M Tc-Penicillamine Tubular fixation Halpern et al.’* 1972
Acetazolamide )

"M Tc-Sn-tetracycline Tubular fixation Fliegel et al.’ 1974
"MTc-Sn-DMSA Tubular fixation Lin et al.® 1974
"MTc-Sn-Calceidin blue Tubular fixation Amold et al.** 1975

" ¥*MTc-Sn-Lactobionate Tubular fixation Amold et al.>’ 1975
**MTc-Sn-Glucoheptonate - Tubular reabsorption Armold et al.*’ 1975
"MT¢-Thiomalic Acid Tubular fixation Hagan et al.*° 1975
”MTc-Sn-Acetyl cysteine  Tubular fixation Subramanian et al.** . 1976
»MTc.Sn-Malate Tubular fixation Machida et al ** 1977
*MTc-Penicillamine Tubular fixation Robinson et al.*’ 1977
"M Tc-Ethylthiomethyl Tubular fixation Fritzberg et al.* 1977

/pggsphonatc ' ' )
"M Te-Glutathione Tubular fixation Fritzberg et al.** 1978
”m\Ec-2.3 Dimercapto Tubular fixation Vanlic-Razumenic et 1979
-propansulphonate . al.‘

»MTe-DADS Tubular excretion Fritzberg et al.*’ 1981
"MTc-CO,-DADS * Tubular excretion Fritzberg et al.* 1982
¥MTc-PAHIDA Tubular excretion Chervu et al.* 1984 -

>
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normal renal function”’. The liver accumulation of **™MTc-GH is low and about 10% of the
;'Grninistered activity rerains in the renal cortex at 24 h**. The behaviour of
"M Tc-gluconate®! and **MTc-Fe-Ascorbate?” is similar to that of ** Tc-GH.

*MTc-DMSA (dimercaptosuccinic acid) is currently the radiopharmaceutical of
choice for the study of renal morphology, Lhe_: estimation of functional cortical mass and
differential renal f ubcu’o_n. This dimercaptodicarboxylic acid was first used in China for the
treatment of heavy-mctal'poisoning" and later developed as a renal imaging agent by Lin
et al.’* as an alternative to the radiomercurial diuretics. High cortical uptake of
*"MTc-DMSA is demonstrated in botb animals®*® and humans (55% at 1hr. P.1.)*". A smgll
fraction ( 5-7%) is filtered into the urinary bladder and about 5% localizes in the liver and .
spleen**. The mechanism of tubular fixation is tbougb[ to be analogous to that of the
mercurials®*. #*MTc-DMSA is highiy bound to plarsma proteins after admiriistration
(>90%). which precludes its filtration by the glomcrulus, and is thought t0 be absorbed
directly from the pe)n'tubular capillaries by both proximal and distal tubulc§‘°“’,
Conflicting data exists for this mechanism, as rcsults generated in patients with tubular
disorders suggests that **MTc-DMSA may be reabsorbed from the lumen of the nephron
af ter glornerular filtration®?.

Autoradiogrébhical studieg by several invesrigalors have demonstrated the
intfe‘roeilular localization of radfoactivity in the r;roximal and distal tubules of the cortex
while activity -in the medulla, glomerulus and collecting tubrrles was virtually iabserrt“"“"
Hosokawa ef al.*° calculated the cortex/medullary ratio as 22:1 and the tubular/glomerular

ratio as 27:1. Subcellular studies have shown that ""MTc- DMSA is mamly bound to cytosol

proteins and to mrtochondna thh less binding seen in nuclei and mxcrosomes“ A

‘hypot.hesrs to explain the tubular accumulauon has l(aeen proposed which involves

""‘Tc DMSA binding to the metal binding protein metalothxoncm\MW 10 QOO daltons)“
Several research groups have mvcstrgawd Lhe chermcal composmon of the

»MTc-DMSA complex and alluded to vanabrhty in blodxsmbumn resulung from

\ , i,,_'.
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%rmulauon condmons and stabxhty" ¢! lkeda et al" “ have shown that l'\ur different 9

»¥MTc- DMSA complexes may be produced by using different reagtion condmons They
6 ¢

also dcmon(trated that each cpmplex had a unique blodxstnbuuo;x pattern®®. The complex
most suitabfe for corUcal tmagmg is formed'at pH 2.5 via a short-lived intermediate, and

must be left for 10 min af ter reconsutuuon pnor to injection**. Care must also be taken o -

-4 " < -

exclude oxygen from the reaction viad due to the’ possxble oxidation and degradatlon of this
< -

compiex wluch may. result in 1ncreased llver accumulation®®.

. . - R ] ' e
: . ' : “ et : . b
2.1.1.3 Ra(fopharmaceutjcals for Glomerular Filtration Rate (GFR) estimation.

hd \

For the proper interpretation and evaluation of renal function studies it is '

important to understand the concepts of renal clearance. The function of the kidney and its

*

. 1 . .
physiological vnit, the nephron, can be djvided into two main processes i) Glomerular
filtration, and ii) Tubular transport. The rate of nephron f iltration is dependent on i) rate
: o;f nephron nlasma flow ii) systemic oncotic pressure iii) the gradient 6f.'h ydrostatic

pressure between the glomerular capillary and Bowman's capsule, 'd‘ly ) the glomerular

’ ; - i

a

hydraullc permeabthty coefficient’®"?. GFR can be quanuf ied w1th a variety of chemlcal
and radtonucl-xde methods prov1d1ng the radiopharmaceutical fits the criteria originally

proposed b’y‘Smith", ie. i) it must be rnetabplically inert and”non toxic, ii) must have no

intrinsic effect on fenal f unction, iii) must pe freely f iltered by the glomerulus, iv) must
neither be‘reabsorbed nbr secreted by renalﬂbulcs v) its clearance rate must not be

‘ affected by other substances vi)its clearafe rate must not be affected by changes in,
O . » .
plasma coneentratxon or unne flow, and vif) 1t n‘ust be able to be accurately measured in

Y

plasma and unne : /-. ‘

g I
*q‘

X

ﬂ.-

Thc gold staﬁard" method for the measurement of GFR has been that of mulm

ﬂ

o clearance" o Inul;n is'a polysacchandeef molecular wexght 5000 daltons which is f reely
: -@‘-‘ ; ftltered bx the/glonQerulus Both cold" inuﬁxkand radloacuve denvatlves have been

‘?
reported for the esnmatlon of GFR usmg the standard constant iifusion techmque"

i

, o "C-carboxyl inuhn” "C methoxy muhn" and *H- methoxy -inulin’*. have all been ‘



repor.tcd for the measurememm/of‘G?. 1C-carboxyl-inulin has been shown to have a
;igmf icantly different rate of /élcaranc /thag inulin, whereas the two methoxy derivatives
correlate well with "cold” inu‘lin ;Carance values’®. Their widespread clinical utilization has
been limited due to the necessity of u§ing liquid scintillation counting techniques. héwevcr
for animal an-d labo {y use, these age‘nts are extremely usef ul._

) Radioiodinated (**'] and '**I) inulin has been reported via the in"torporatiou of an
allyl eme;’;oup into the molecule’™. A good correlation was observed with the cledrance
rate of these derivatives when compared to that of native inulin®®. Other iodinated
der{vatives (Chloro-iodo-propyl and propargyl inulin) have also been reported but their
clearance is slightly lowe'r than that of "cold” inulin®"?. They, however, ’show poor in vitro
and in vivo stability with the liberation of free iodide vGil'h time*? and may result in |
underestimation of GFR due t;) the longer biological half -life of inorganic iodide.
“Cr-inulin has been repbrted as a more stable compound than the iodinale(l derivatives,
however it is less suitable for imaging purposes l;ecause‘? of low density photon flux**.

The radioactive cobalt (*'Co, **Co) derivatives of Vitamin B,, (cyanocobalamin
and hydroxocobalamin) are worth historical mention for the estimation of GFR due to
their Similafides.in c:l'garance rate to native Vitamin B, 0. ’I'h‘e clearance Tates are lower
tNan that of inuli;x because of variabilities in plas;na protein binding and radiolabel
exchange with inactivated Vitariﬁx;". Expense, and the non ideal characteristic’:s of the

cobalt radiohuclidcs have, however, limited their clinical application.

LY

3 é-.1.1.4 Radioiodjﬁ;ited Urological Comrasi Agents.
The radiological' contrast.agents diatrizoate(Na salt:Hypaqu_e, Methyl glucamine
| silt :Renografin) and iothalamate (Conray, Glofil) ha&e been reported a§ agents for the
estixﬁation of GF_'R when substituted with radioiodide (**'I'and “’I)"'"."‘I;diatrizoate
was first introduced in 1956 by Kimbel and Borner” and used for the study of renal
fuanion by Wintcf and Taplin*.-Several investigators’*?’ reported on the biological

distribution of this agent and compared its clearance ate to that of inulin. Plasma binding ‘
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was reported low, and tubular reabsorption or secretion negligible’*’*. Autoradiolysis has
been demonstrated on storage but is dependent on the specific-activity of the
prcparation".kWith adequate quality control '*'I-diatrizoate is accurate for the
mcasuremém of GFR.

lo-thalamate has vety similar chemical structure and renal clearance to that of
Diatrizoate. Radioiodinated iothalamate (**'I and !**1) has been used as a
radiopharmaceutical for accurately measuring GFR in both animals and humans, sﬁowirig
low plasma protein binding and negligible tubular reabsorption ar;d secretion®!*®.

173].jothalamate is available commercially as a highly pure agent and with acceptable levels

of free iodide even after storage up to 2 months.

2.1.1.5 Radiometal Chelates.

The chelates ethylene diaminetetraacetic acid (EDTA) and diethylene triamine
pentaacetic acid (DTPA) f orm highly stable complexes with ; variety of metal ions. They
have also been shown to be cleared from the plasma via glomerular filtration, making them
ideal agents for quantifying GFR, and are‘now routinely used for clinical studies.

| Foreman er al.’"”* studied the metabolism of “C-EDTA in rats and man and
showed ren-gl eﬁmigation of unchanged compound. Tubular eicretion was negligible and
96-98% of - the injected dose w;s recavered in urine withiﬁ h. Heller and Vostal®® f ound
the clearance to be slighly higiler than inulin. The metaboli$m of *C-DTPA was reportéd
to be simﬁar to that of EDTA'** and a lérge numbér of stable radiometal chelates have
been repoffed., These include $1Cr, **Co, 9Ga, "MTc, Mn, ”"?"In."“La. 1$%Yb .and }Hg

although the physical properties of many of these radionuclides are far from ideal for.

patient studies'®-'°¢, Ali these comple:s\biavﬁy shown to be cleared by glomerular
filtration and exhibit low plasma prot ui inding, with an absence of tubular
excretion.'**Yb-DTPA, '**MIn and "’La‘-‘DTPA have been studied in some detail and the

effect of increased plasma concentration gnd varied urine flows has been reported to have

1o effect on renal clearance!*%¢, Sziklas et al.'** compared clearance rates of -
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19YH-DTPA, *** In and '*C-inulin in patients, demonstrating good corfélation with each
radiopharmaceutical. ' ) \

Two chelates which ha{e been s(eensively studied for the determination of GFR
are *Cr-EDTA and **MTc-DTPA. Stacy and Thorburn'®’, and Winter and Meyers!®* first
reported the use of **Cr-EDTA for renal studies. It exhibits a high degree of radiochemical
* stability, which is not always the case with radioiodinated agents, and is available outside

North America in a highly purified form for GFR measurement. Plasma protein binding is
reported to be less than 2%, tubular clearance insignificant, and extrarenal clearance is

\

negligible'®” . Several studies have been reported comparing **Cr-EDTA clearance. both

~

by single injection and constant infusion, with that of inulin*!°-**?_ Lower clearance values

of between 5 and 20% were noted for **Cr-EDTA in comparison to inulin in animals and

’”

man, although this did not preclude the accurate estimation of GFR in clinical testing. It is

particularly useful in dual isotope studies of GFR and effective renal plasma flow (ERePF)\
with '#*]-OIH using the p!'asrria sampling protocol 1o be discussed later. The high
gamma -energy of *Cr (320keV) allows good separation of the isotope peak from that of
“’i using gamma -spectrometry. The low ;ﬁoton abundapce (9%). however, limits its

: ~

usefulness for gamma-camera imaging studies.

wmTe.DTPA R

The idea;ﬂ radioisotopic properties of .-’"?Tc for in "vivo~irx‘1ag,ing and the ability
of" this xadionuclide-.to form a stable complex with DTPA have relsulted in this agent;s
-wide use fovr renog'raphvic studies of th;z kidqey and for the detenm;lgt\i?g K\ ™

GFR1:-133, ”mTc--lePA exhibits a small degree of plasmé protein. binding (2-5%)
and th.is istdependent on the salt used in formulation!2*122, gxtraraénal excretion is
insignifi;;nt and only 4-5% of Lhé radioactivity remainslin thé body 24 h post injection
(P.I.) in patients with ndrmal renal f u_ncu‘on‘". A‘sligh‘r.ly lowér‘ clearance than thaﬁ

for iothalamate has been reported in patients and this may introduce a significant

error.in the calculation of GFR below 20 mL.rhin-! *3!. Although the use of ~

-
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»mMTc-DTPA may result in the underestimation of GFR by single injection or by
constant infusion techniques, it still comes closest to the ideal clinical

radiopharmaceutical for Toufine application. ~

2.1.1.6 Radiopharmaceuticals for Ef fec.Li've Renal Plasma Fiow (ERPF) estimation.

'The clearance of a compound which is totally exrracted by the kidney on first pass
allows the calculation of renal plasma flow. For all practical purposes this is an idealized
parameter unobtainable with current rzrdiopharmaceuu'cals, however the term ‘effective’ is
introduced into the term (ERPF) which allows the quantification of renal blood flow with
agents that hrve a high but non unit extraction ratio. lodo-pyrocet (Diodrast) was th\e
first agent to be used for the measurement.of 'ERPF, however its significant extrarenal

Pt
clearance introduced errors in the calculation. Para-aminohippuric acid (PAH) is currently
the agent of choice for the chemical es'timatiOn of ERPF and is the stzrndard procedure for
quantif yrng ERPF’. Its extraction ratio is close to 0.90 on f ir;t-pass. 20% being eliminated
by glomerular f iltrau'on and 80% by tubular excretion. Orthoiodohippuric acid (OIH.) has
been reported asa subsmute for PAH in determrmng ERPF" The ability to iodinate OIH

with ”‘l‘resulted in this radropharrnaccutrcal being used extensively for ERPF and

.
renographic assessment of kidney function®**.

2.1.1 .7%rthoiodohippurate (OIH).

Tubis et al.® first reported the exchange labelling-of **!I with OIH and this simple

~method has been modified by several investigators for labelling with other iodide (L)

radionucli&es"'“ Radiochemical stability of OlH has beerr the subject ‘of many studies and

is reported to be adversely affected by temperature, hght and the specific- actmty of the
radxorodmated product”’ 13¢, Inorganic mdrde is the main radxocontammant and the levels
of free radioiodide increase on storage. In order to maiptain accurate ERPF estimates, free
radroxodrde levels should remain below 2% and consequently quahty control of this ' ‘

radxopharmaceuuml is crucial.

’

&
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Renal clearance of **!I-OIH has been compared to PAH clearance in man by both
B’urbank et al.'** and Schwartz and Madeloff!?¢. They found that !**i-OIH clearance was
10-15% lower than PAH. This has been further verified by Mailloux et al/.'*’ who studied iq
detail the clearance mechanism in animals and man. The lower clearance values for OIH
have been explained by differences in protein-binding, tubular uansport.and in free iodide
contamination. It has been shown that 70% of OIH, at the normal administered doses, i
weakly bound to plasma protein, whereas PAH binds to a lesser degree. OIH, beiﬁg a
slightly weaker acid also tends to be in a non-iom‘zed form in the distal tubular lumen,
resulting in a small amount of back diffusion. Detailed stuqics by Blaufox er al.'11% have
_elucidated the mechanism of excretipn and the pharmacokinetic'models for clearance
estimation. The injected material is aimost completely excreted by the kidney, 15-20% by
glomerular filtration and 80-85% by tubular secretion, with minimal hepatic clearance. The
mixed mode of excretion does not allow **'I-OIH clearance to be an indicator of any
particular cellular process within the kidney, and is perhaps the major limitatién of its use.
Because of the less Lhan. ideal radionuclidic properties of !*!I, scintigrams of
IM].OIH are of low quality and the radiation dose to the kidneys 1s higher than with
??MTc-DTPA renography. The introdﬁction of '*’] for labelling to OIH has major
advantages for patient studies anc several recent reports. have noted ‘Lhe suitability of
“’I-Olﬁ for renal perfusion, clearance and imaging studies!** =133 3[.QIH renal
‘ eancﬁon and clearance has been demonsﬁrated to be similar to **'I-OIH and PAH"* and
is culrrently available commercially in North America, although it is co@deral;gy more
expensive than !2'[-OIH!*¢, ’ , |
Recently, ,theie has been.an effort to develop *’MTc labelled 'radbpharmaccuticals :
which are handled by the kidney in a similar manﬁer to OIH. The advantaé of these ’ |
compou.nds‘vwould be higher photon flux and lower paﬁem radiation dbse. Vresulting' in
better quality scintig:ams; Fritzberg e al.*" have reponed the synthesism;d early biological

data on *MTc-N,N'-bis (‘mercaptoa‘cetau'lido)‘ ethylenediamine (";“TC-DADS) a{ a

0y
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potential replacement for **'1-OIH. Clearance of this compound is significantly greater
than **MTc-DTPA, but lower than **I-OIH in rats. Significant biliary excretién of this
compound in rats and humans represents a major limitation to its use for measuring ERPF
and for renography!**. A further analogue of this compound ”MTc:N N'-bis
(mercaptoacetyl)-2,3-diamino propanoate (**MTc-CO,-DADS) has lg'een synthesized by
@e same workers and been s'hown to undergo less biliary excretion than ""MTc-DADS*'.
Complicated purification using HPLC is necessary or separation of the most appropriate
component of the reaction and this may preclude its universal acceptance as a substitute
for *¥1-OIH. Schneider et a/.!****" have synthesized over Zéj analogues of *mM Tc-DADS',
however none of the complexes stddied have approached the cklearan'ce ’ra[e of OIH in
animals or in human studies. . ' 2

Chervu et al.*” have recently reported the synthesis and an‘imal biodistribution of a
~ »"MT¢ labelled PAH analogue (”mTc-PAHIDA) as a potential repfacement for **'[-OIH.
The derivative contains an irﬁido diacetic acid group (IDA), which is capable of chelating
the technetium , and the R-CO-NH-CH,-COOH group, which is analogoué tohippu'rat‘e.
In animals, the clearance rate has been éhown to be lower than UlI-O.IH, with no
extrarenal excretion pathwéy. The reduced clefxance is thought to be due to high plasma
protein binding in vivo. This classl of _compounds may be a useful altematgve to '*I-OIH

providing that derivatives are found which elicit lower protein binding.

2.1.1.8 Ruthenium-Labelled Renal Radiopharmaceuticals

Ruthemum lsotopes have recently been suggested for use in nuclear medicine

imaging. In pamcular ”Ru has the physncal propemes sultable fori xmagmg purposes witha .

hglf -life of 2.9 d,nof8 em’xsswn and a gamma energy of 215 keV (85% abundance) which
is suitable fof gammai-camvera _dewcdon."l'he‘ paﬁent radiaiion dose is high_er than that of
$MTc but comparabie 1o **' and lower than '*'] 1 . Several ‘radiophannaceuﬁcals have
been produwd thh Ru whxch may be suitable for evaluanon of the kxdney *’Ru forms a

stable complex with DMSA in the presence of Stannous (Sn IT) ions, and has been

ST oy
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eeponcd as a useful static imaging agent, particularly when prolonged follow-up imaging is
required’*. *’"Ru-2,3 dimercaptopropansulphonic acid complex has also been synthesized
for static renal imaging'’’.

Wenzel et al.'*® have‘very recently reported the synthesis and biodistribution of two
ruthenium labelled glycine derivatives (Ruthenocenoyl-glycine (ruppuran) and
Ruthenocenoyl-1,1'-diglycine) which appear very promising for renography and ERPF
‘estimation. In rabbits, both ruppuran and the diglycine derivative showed higher clearance
rates than **1-OIH. Both were totally excreted within 48 h P.I‘. via the kidney, with no
/ext{arehal pethway discernible. When trans'lated into human terms the clearance rate was

in the order of 500-600 mL.min"*, although human studies have not yet been presented

with these compounds.

2.1.1.9 Radiopharmaceuticals for the Assessfnent of Renal Perfusion.

Renal perf usien can be studied with a variet? of compounds. The main criteria for
their use are high photon flux and low radiation dose to the patient, allowing high doses to
be admitistered to provide good counting statistics with shorf dynamic framing rates.

“Dynamic data dufing the first few seconds of renal transit is normally acquired and can
indicate the patency of the renal artery and kid\ney vasculature as well as quantitative data
useful for follow-up. The agents-of choice are "MTcO; and ”mTc-DTPA altﬁough .
several other compounds have also been reported including '**™In-DTPA, 19Yh- DTPA

and '»[-OIH.

2.1.1.10 Quantitdtive Conéideratipns in Radionuclide Renal Function Studies

~ As previous]y mentioned, there are a number of radiopharmaceuticals available for -
the determination of rena}yfuncuon both ERPF and GFR using nuclear medicine
techmques The accurate determination of these parameters is.dependent on the apphcanon
of appropnate pgarmacokmeuc models and plasma samplmg or dynamlc data

mampulauon A review by Dubrovsky and Russel“l has summanzed rnany of the
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techniques currently available for the determination of both global (both kidneys) and
individual kidnc; (differential) ERPF and GFR. In the same volume Taylor'*? has
reviewed Lhe'quantif ication of differential renal function b‘y the use of static renal imaging
agents including "*MTc-DMSA. The validity of some of these techniques is still open to

some debate, but clinical utilization has aided in the diagnosis of a variety of renal function

-
.4

disorders.

2.1.1.11 Determination of Global and Differential Ei(PF .

The plasma disappearance of intravenously (i.v.) administered OIH follows a two
compartment exponential model as originall’y described by Blaufox ef al.’***** and can be
analysed by the methods suggested by Sapirstein e al.'**. The ERPF can be calculated
directly from this curve by area under-the-curve and volume 5 distribution (Vd)
meaSurements or other standard pharmacokinetic calculations. For an accurate measure of -

N .

the plasma curves, numerous plasma samples are required, which is impractical for clinical

utility. Blaufox*?* simplified the methed to include only two blood samples between 15 and

30 min P.I. The clearance is calculated using the slope of the line between these two points

-

and the Vd determined by dividing the injected dose by thé counts in plasma at t=0 from
the extrapolated line between these points. Tauxe er al.!*514¢ f unh;:r simp.lif ied the
technique by studying in detail the correlation of the concentration reciprocal at various
times with the cleafance deter‘r;iined from the total curve. They demonstrated that there .
was good coi‘rela;ion between the ERPF and the ﬁlasma concentration at 45 min P.I. and
advocated that ERPF could be caléulated within £30 th.min" using-dnly one plasma |
sample. This me-_th"bﬁ has been verified by other investiéatorS""“' and is sufficiently
accurate over a wide range of values to be {Jsef ul clinit':ally.' Care, however.. must be taken
to obtain reproduciblc results. Using Mathev;s compartménia] algorithm™*, it is also
possibie to predict the % of imjected dose in any compartment at a given time.

N _Good corrélition-'wﬁs shown by Tauxe e al.'* .with predicted versus actual urinary
excretion and a rcgrcssio’ﬁ expression derived ‘t‘Ofcomnm‘ng predicted and qbservéd data. \/\

. ’ .

A T
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Further work has been described to efdminate the necessit‘y of multiple blood sampling o
obtain the activity/time curve, by usingg:xtemal counting probes or the gamma -camera
activity/time curves over the head or p;ecordium as a measure of the plasma disappearance
rate’’*13! These curves have been shown to be an accurate indicator of the plasma |
| clearance curve. Further accuracy can be obtained by correcting the curves 1o collected
blood samples (one at 3-5 min, and agother at 60-min P.1.}).
In patients who have a renal transplant or only one kidney, global' ERPF is a
measure of the single kidney f unction, however for the majority of patients further
. division of the total function is required for differential kidney estimation. Taplin'*’ first
introduced a method for determining individual function using ***I-OIH and probe \\
renography. He concluded that the ratio of the slope of the second segment of the
renogram for each kidney (that corresponding to _renal_parenchymal uptake) was an
est_irn.;tion of split renai function. This technique, however, required background
correction using '**I-HSA, due to the considerable extrarenal accumulation of OIH**.
With the fntrqduction of gamma-cameras, and morelrecemly the on-line computers,
background correction can now be made using appropriate regions-of -interest (ROIs). The
normal intracenal transit time of OIH, as determined by deconvoluticn analysis, is between
2.2-2.3 min in well hydrated patients’**, making it wise (o serec_:Atl points within this time for
compazison, The most widely used techqiqué for calculating relative renal function witﬁ
1311.0IH, is‘ 10 compare thevsummed counts in each kidney between 1 and 2 min P.1. 1se1s7,
A more simple approach to determine relative renal ERPF relies on the comparison-
éf individual renal ui;)take of ”mTc-DMSA‘ at2-6 h P.IL Numerous invéstigator§ have
shown good correlation between this ‘technique and that determined by ureteric
cathe;eriztzxtion and other scintigraphic techniqués""‘“. Patient positioning, variability in

renal size and depth, as well as the selection of ROIls will affect the computation and must

be adequately corrected for, to obtain accurate determinations of split renal function.
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2.1.1.12 Quaantification of Global and Differential GFR.

Global GFR can be calculated from the plasma disappearance curve and/or urine
samples of any of the previously mentioned radiopharmaceuticals that unde@}}o‘rygg\rar
filtration. A bi-exponential curve or a singlc exponential fitted to the slow component of:\
the plasma curve may be used for accurate determination of GFR analogous to that of the
ERPF caiculation previously descnbcd Again single blood sample, whole body clearance
and gamma-camera techniqués using precordial ROIs have all been used yielding reliable
and reproducible results'*'.

Differential Gf'R can be calculated.from the **MTc-DTPA renogram in a manner
analogous to that described for **I-OIH. Numerous reports have confirmed the validity of

'

this technique in comparison to ureteric catheterization and split creatinine clearance

measurements’¢?¢3,

2.1.2 Clinical Indications for Radionuclide Renal Investigation
Nuclear medicine imaging and quantitative renal determinations are useful in a variety

of clinical conditions which are summarized in Table 2.2. Further specific discussion of these

clinical indications follows.

-

2.1.2.1 Space -‘O’ccupying Lesions of the Kidney_ . | s
Renal scint}graphy using static imaging rédiopharmaceuticals such as

P"MTc-DMSA and "M Tc-GH will often demonstrate "cold” parenc’hymal areas in the

renal cortgx\gonsisieht with a space-occupying lesion (SOL)¢*. This type of scinu’graphic

pattern is non-specific, and may be due to Lhé presence of renal tumours (renal cell

carcinomas, transitional cell tumours, squaxrious cell carcinomas, Wilm's tumour, diffuse

tubular cell tumou;)_, renal cysts, renal pseudotumours, renal abscess_es, A-V

malformations, trauma, or cortical scaring'*®. The diagriosis. or exclusion of renal

malignancy by scintigraphy alone i; not p_osgible', althou};x ‘the scintigraphic pattern may

reveal the nature of ,'the, SOL in some cases. The initial detgctioh of SOLs is usuall'yA made by

/
/
/
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Table 2.2 Renal Diseases in which Radionuclide Methods are of diagnostic value.

Condition

Radionuclide Study

-

Typical Ot;ﬁervau'ons ‘
oL

S\pace Occupying Lesion
Re qvascular hy’pe:rtension
: ical necrosis

1 artery stenpsi§ -

Renal art'ery cmbo{ism

Acute tubular necrosis(ATN) -

Acute pyeloneﬁhriﬁs A

Acute mtersuual nephrms
Obstructlve nephropamy

Chronic pyelonephnus, '
Reflux nephropathy

14

Renal

T;@nsplantation -
Acute tubular necrosis -

Graft rejection .

OIH ""‘Tc DTPA

]
;Sumc Imaging:

- *MTc-DMSA, *"MTec- GH
-Perfusxon ”mTcO. DTPA |
-and Renography OlH
*MTc0..DTPA.DMSA OIH

»mMTc0; DTPA.,
OlH.DMSA .GH
»MTcO; DTPA.,
OIH,DMSA GH -

1)11 _OiH

"¢'Ga-citrate, MIn-WBC

"MTc.DMSA. GH

¢"Ga- curale

»MTc-RIPA, '1-OlH

MTc.-DMSA GH

"MTc-DMSA, GH- -
MCU "M TcO; DTPA
T e

¢ e
-

OlH, »m Tc-D’I'PA

3

ip. platelets 5 "‘u
*MTc- Sulphug_,colloxq

- Renal uptake.
_delayed uptake, prolonged

Cortical 'cold. spot”.
Reduged perfusion,
cortical/medullary ERPF .
Reduced RBF & cortical
visualization. .

Reduced RBF, often?
asymetrical. Asymetrical size.
Absence of uptake,
segmental, unjlateral or
bilateral. ’

‘Normal uptake. delayed

excretion.
Renal uptake: e
-Cortical defects. .

b

excretion, pelvic retention.
Cortical defects.
Cortical defects.

<Ureteropelvic reflux.

¥

-, Good perfusion, impaired or
. absent renal transit.

Reduced perfusion and renal

_ . transit. . 5.
. Graft depdsition.
.Graft depesition.

- 0

RBF = Renal blood flow

11In-WBC = Indium 111 labelled white blood cells
MCU = Micturating Cystoureterogram i - d

e

wo'

(TN

&

~ Table derived from references 141 142, 154 16’4 165, 171 122 ’174 and 175

‘(i.’»
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excretion urography, and the introduction of CT scanning and renal ultrasonography have

generally replaced the renal scintiscan as more sensitive techniques for the differentiation

- '

of benign vs malignant SOLs. Renal scintigraphy may be of value in disunguishing renal
from non-renal SOLs such as from tumours of the adrena! gland, although it remains a
confirmatory procedure in the majority of situations. The scintigraphic patterns observed

in renal SOLs have been well reviewed!** ;md will not be discussed further.

2.1.2.2 Renovascular Hypertension ‘ )

In patients with hypertension, the kidneys may be damaged as a result of tﬁe
elevated blood pressure, or may contribute to the hypcrtension directly. Renovascular
hypg:ncns:ion is agﬁ'eécif ic entity produced by obstruction of the main renal artery or’ of any
of its branches'**. This .condiu'on can O‘f;tiI)l be correcied by surgical imqrven[ion, balloon
angioplasty or nephrectomy. and as sucﬁ. the diagnosis c;f r(;novascular hypertension is
important for the appropriate treatment of patients préscnting with elevated blood
pressuré. Artheromatous changes and fibromuscular hyperplasia account for about 78% of

all cases of renal hypertension although trauma, tumours, compression by external bands,

aneurysms, chronic pyelonephritis, radiation nephritis, hypqplasia, pelviureteric junction

(PUJ) obstruction, A-V malformations, and renin-secreting tumougs may be underlying

cauises's’ : ) »
PN

Renal perfusion studies using **MTcO; and **MTc-DTPAmMay be of value in
determining reduced renal blood flow, aliho.ugh the demonsuaﬁon of diminished RBF is
non-specific. It is alsé of value in the follow-up of patients who fxave undergone - |
intervention, and can aid in the confirmation of restored blood flow. I and »I-OIH
_rcnography have been repone_,d éf value in the study of renal hypertension**’. o -
Britton*¢* has recently postul{xted that essential hypertension may be a consequence
of altered cortical nephron flow. Using **I-OIH and quaﬁﬁmdve techniques which can .
¢

independently determine cortical vs-medunary delivery of radionuclide, a difference in

cortical blood flow was demonstrated in patients with essential h§perte'nsion. This elegant‘

©

4
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technique has been used to demonstrate the changes in intrarenal blood flow with captopril
treatment in animals and patients with renal r{ypertension and may be of considerable value
in the sequential study of patients during pharmacological treatment.

Clorius ef al.*** have reported the u-scf ulness of renography for the identification of
bilateral orthostatic renal dysfunction (BORD) as a cause of hypertensio‘n_ Excercise
renography has also been reported by the same author!™ as a sensitive procedure to
identify renal involvment in hypegtension. These qemMS may provide an accurale means
‘ of quantifying the transient posture and exercise mediated changes in cortical blood flow in
hypertensive patients, aid in determining the getiology of such conditions in vivo, and allow

a means of quantitatively monitoring the effect\of treatment.

2123 A/c?ue andé?hronic Renal Failure -

Acute renal failure occurs when there is a significant and sudden decrease in GFR
and may result from a variety of cau.;.es further subclassified as i) pre-renal, i) renal, and
iii) post-renal failure’*’. A variety of radionuclide procedures exist which can aid in the
diagnosis of renal failure, the most useful being the **MTc-DTPA or **'I-OIH renogram.
Abnormalities in the normal transit of these radiopharmaceuticals through the kid\ney can
distinguish between blood flow, glomerulaf or tubular transit and ureteric passage. Thest
three emjges are distinguishable and quantifiable from the renogram . Although the
renogram f’ indings may be non specific, they often complerﬁcnt other diagnostic modélitics
and clinical findings to increase the accuracy of diagnosis. Of particular usefulness is the
ability to use renoérabhy 10 Quantitate progressién Or recovery of a disease by sequential
studies. | |

’

Chronic renal failure can also be studied in a similar manner using renography.

Again the results may be non-specific but are of value in foliowing the disease process.

%3
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2.1.2.4 Renal Allograft Studies.
Renal transplant recipients can undergo a multitude of complications
post-trar_rsplamatjon..]'bese include i) parenchymal graft failure due to acute tubular
rlecrosis, cell mediated or humoral rejection, tubular acidosis or glomerular nephritis, and
ii) surgical complications auch as incomplete anastomosis in blood vessels and ureter, tears
. ’ ' in the'kidney, and lymphocoeles'”*"**. Radionuclide inyestigations are in-valuablc in the
| “'"' n'on-invasiy'e investigation of graft blood flow and parenchymal function in allograft

) recipients. Perfusion imaging.with **MTcO; r)r 9MTc-DTPA is a reliable and safe method
1o determine the patency:of blood supply to the graft while renographic studies using
*MTc-DTPA or ”‘I-OfH can give valuable information on glomerular and tubular
f unctipn as well as ureteric patency!’!"!72,

“ Methods of quanrifyirlg graft blood flow usually employ a relationship of graft to
iliac blood flow such as trlat descrii)ed by Hilson et al.'m, ”mchDTPA bolus injection and
.subsequem renography is the prqcedure of choice as it also provides inf ormau’d‘r‘;’;o§8 &
glomerular function and urine flow. Serial snrdies allow the monitoring of patients over

both the short and leng term, and permrts the dxagnosrs of both acute and chromc
\ ( 3
re;ecuon U‘I OIH renogaphy is reported as being more sensitive for drsungurshmg ATN

from acute reJecnon in the early post-transplant period'’*. ATN is generally charactenzed

4
o . N h or tubular funcuon in Splle of good graft perfuslon where re;ccur;n is generally
S assotrated with diminished blood flow and cellular function. The use of e -Sulphur .
. ;;vcolloid”‘ and radiolabelled blood components such as ‘“In-platelets”’ and leukocytes' s
' @. - - cast.démonatrate the‘. increased sequestration of blood cells in the rajectin?allograf t.

Dragnosnc dlf f 1cultxcs remam in dlstmgurshmg unmunologxcal rejecuon from drug IOXlCl[y,

@ as’ clrcxted by cyclosponn therapy usmg current radxopharmaceuucal methods

‘t
b

B A
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2.1.3 Biochemical Methods of Rena) Functien Estimation -~- o

2.1.3.1 Serum Creatinine and Cfeatinine Clearance
Creatinine is an e\im;no—acid by - product of protein metabolism, derived from
creatine. Creatine synthggs%ccurs in the liver, pancreas and kidney but the main .

- concentration of creatine is the striated muscle where it is stored unchanged or as
‘phosphocreatine'. It is metabolized in muscle fibres and released into the circulation \as
creatinine. Creatinine has been ;hown to be excreted by the kidney and it; serum
concentration and clearance advocated as an endogenous megsure of renal function}™ ™™
Several ‘methods are available for the measurement of creatinine in plasma, serum, and

A urine’”’. The modified Jaffe ;eacu'on measures not only creatinine but other chromogens

such as acetone, pyruvate, ascorbate, proteins, barbiturates and other unknown

substances'”. This fnethod tends to overestimate creatinine concentrations iq serum (up to

20%) and toé lesser extent in the urine, due to the non filtration of many of the

chromogens. Another assay based on the Folin- Wu reaction measures only true creatinine

chromogeris”’. A significant irﬁprovement in the assay of creatinine has been achieved by
the use of autqanalyscr methods based on the Jaffe reaction''®. Measurements of creatinine

‘and creatinine clearanée (CrCi) by the a,uioanalyzer have been comparcd o inulin

clearance andl spow acceptable ﬁorrelation '( +8%) with normal renal f unction";. As renal

function diminishes however, there is an increased discrepancy between CrCl and inulin
clgarapce. Below a GFR of 20 mL.min* it is generalfy ;ecogni_ze,d as being inaccurate for -

" the measurement of GFR"™, |

' "I'he reai_son for the'in.;reésed discrepan;:y found with GFR measufement by CrCl is
due to significént tubular secretjoh of creatinine by rénai gu.bules. a‘proc‘es's which is known

‘to increase with increasihg serum concéntllationi". In the patient with normal or only

minor renal dysfunction CrCl is sufficiently accurate for routine GFR estimation. The

protoédlxequires both a blood sample and urine collection (usu,aliy‘ 24 h) and 1s generally
considered as the f irst ipvesu'gatidn choice to exclude renal dysfunction.,Beéause of the
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many variables in both serum creatinine and CrCl (including sex, age, muscle bulk, stress,
and exercise) further'investigation using radioisotope methods is advocated in cases where

CrCl i§ diminished*”".

2.1.3.2 B,-Microgiobulin.

8. -Microglobulin (8,-MG) is'a low molecular weight protein (11,800 daltons)
first isolate;s from urine in 1964 anq characterized in 1968'**_ It is completely filtered by
the glomerulus, but unlike credtinine is reabsorbed and catabolized by [hci proximal
tubuies"’. The reabsorption is via a process of endocytosis and the endocytotic vesicles

4

fuse with tht lysosqmes, where the protein is enzymatically cleaved to its amino @cid
constituents. The normal kidney is able to reabsorb about 99.9% of the filtered [ MG,
resulting in minimal émounts in the prine. In animals and patients with impared tubular
function, 8,-MG tubular reabso,rptic?n‘is’ incomplete and increased levels are detected in
urine’**. . . |
B:-MG is produced by all nucleated cells and located on the cell surf ace'*.

Cunningham et- al'*t resolved the amino acid sequence of 8,-MG and further work has
shown relationship between the C, heavy chain of lgG,~ and B,-MG?**", It appears that

B:-MG is rela'ted to the glycoproteins of the major histocompatibility complex in r;lan,
genetically located in the HLA re'giovn of the sixth cliromosorrie. The HLA moleéule is
composed of a B light chain, which is 8,-MG and an a heavy chain givingthe HLA
complex its specif’ icity“’._\ Serologicaj specificity is Alost when not attag‘héd to 13,-MG. )
* Tumour antigens ha’ve»-many sirhilarities with HLA antigens and have been shown to bind
to _B,-MG"f. Lymphocytes are able to produce relatively large quantities of 8, -MG and
'shedding' occurs due to in vivo n;etz;bolism and degradati”on,' resixlti'ng'in .serumr )
concentrations of 1.0-2.7 mg.L-* in normal patients'*’, Serum concentration varies with
age and with repal' dysfunction!®s, B
: Scrum E,‘-MG- and B, ~MG clearance are useful teéhm'ques for the clinical .

"determination of renal function. Serum levels are indicative of glomerular function and

4
‘
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corrglate to those of inulin clearance, whilst those of clearance( using the pharmacokinetic
relationship between serum and urine concentrations to deterrnine clearance rate ) can be
related to proximal tubular function'*****. A commercial radioimmunoassay (RIA): is
available for the determination of human 8,-MG in serum and urine, however there are
scvera‘l technical diff icylties with the estimations. 8,-MG degrades rapidly and irreversibly
in-urine at a pH lower than 6.0. Because urine remains in the bladder beyond that which
ensures stability, patients must receive alkaline agents such.as Na bicarbonate to diminish
the pH degradation. Patients with malignancies (leukemias. lymphomas, muliple rﬁyeloma.

and Hodgkin's disease) may show elevated serum concentrations, and non malignant

conditions (rheumatoid arthritis, SLE, sarcoidosis, Sjogrens disease, Crohn's disease. and
angioimmunoblastic Iymphadenopathy) or liver dysfunction (hcpyitis. cirrhosis) may
negate the diagnostic usefulness of serum values. Clearance appears a more suitable

technique to increase the specificity in patients with underlying disease other than that of

renal origin''®.

The renal clearance of B,-MG is reported as between 50-200 g/24 h and tends to
. N q
increase with age in normal paticnls"”. Clearance is elevated in a variety of rcnal tubular

disorders mcludmg am1noglycos1de heavy metal, and gxs platinum nephrotoxicity, Balkan

‘nephmpathy, Fancom S syndrome and in non- parenchymal renal diseases such as

|
'\

obstructive nephropathxes or upper urinary tract mfecuons‘“. B:-MG has also been

_reported in the momtormg of renal transplant’ recxpnentsf" Elevatéed serum levels are

\

suggesuve of acute rejecuon although definitive dxagnosxs cannot be made using B;- MG

clearance alone.

3

2.1.3.3 Blood Urea Nitrogen (BUN). |

’

The concentration of urea in blood to that in the urine can be related in a similar
-way to creatinine, providing an index of renal f unction‘". Although urea is filtered by the

' glomerulus it is-highly diffusible and may passwely pass from the lumen to the tubular

..................

-

’Phadebass, Pharmacia.” ‘ - | R ' e
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interstitium. Consequently, its clearance is always lower than creatinine. Fﬁrthermore, the
clea;ance is dependent on urine flow and thus less than ideal as a measure of glomerular

f iltrau‘.;)n”’. Other factors which influence BUN and urea clearance include hepatic
function and the patients metabolic state, however the ratio of BUN to serum creatinine or
urea clearance to creatinine clearance has been shown to correlate more closely to inulin

117

clearance than either measurement independently

2.1.3.4 y-Glutamyliransferase (y-GT).

v-Glutamyltransferase (y-GT) is a ubiguitous enzyme which is monitored in
serum as an indicator of hepatocellular function'’*. The highest concentration of y-GT
however, is in the proximal tubular epithelium of the k'x‘dney. Itis localized predominantly
in the brush border membrane, whose integrity is directly refated to tubular function*?’.
Although its exact physiological function is unknown, it is thought to play an important
role in the reabsorption of amino acids and peptides from the luminal' filtrate by the
tubule. y-GT is able to be detected in the urine of normal patients, however elevated levels
have been reported in a variety of renal diseases including glomerular nephritis, SLE, and
rr‘lercury,.cadmium and drug (aminoglycoside) nephrotoxicity'®*. In general, it appears that
when active inﬂammétqry changes occur, particularly those of an immunolqgical nature,
urif;ary v:GT concentration may nse . It is theref ore a useful parameter in s'uspeéted

? .

tubular dysfunction, although non-specific as to the cause of inflammation.

o

-

A multitude of biochemical and immunological markers have been shown to be

- present in the urine at elevated concentrations in a variety of kidney diseases. Although

urine analysis is extremely valuable in man'ykdisorders,/'the're is no universal marker présent

- which would eliminate the necessity for the quantitative renal function estimations

previously described. .

. 8
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Urinary protein analysis can be achieved by a variety of techniques including
electrophoretic separation (SDS-Page, isoelectric focusing, cellulose acetate,
isotachophoresis, and Iso Dalt 2-dimensional electrophoresis), molecular weight
determinations ( gg:l column chromatography, HPLC, GLC), and specific functional
markers (immunoassays, immunodiffusion). The origin of proteins in urine is complex,
however they can be catagorized as i)' Normal plasma proteins or fragments of them, n)l
Proteins released into urine by various kidney cells, iii) Proteins arising from the | |
urogenital tract, iv) Proteins from other tissues (either horrnally or as a result of disease),

v) Hormones, vi) Pregnancy associated proteins, vii) Tumour associated proteins or
antigens, and viii) Products of viral of bacterial infection. The measurement of these
proteins Is ixsef ul in the diagnosis of both renal and systemic diseases and has been the
sgéjecl of various reviews!?¢-1%",

There are several other enzymes which are associated with normal kidney cells,
which can be detected in the urine as a consequence of drug-induced changes in renal
function, renal toxins, ischemia, renal diseases, hypertensioﬁ, and surgery'®®. Elevated
enzymuria has been noted after high dése salicylates, aminoglycoside, and cytotoxic drug . .
therapy although its sensitivity for demonstrating nephrotoxicity has not been shown ’
superior to other. indices"‘""g". N-acetyl B-gluéosaminidase (NAG) and leucine
aminopeptidase (LAP) are two enzymes which originate from renal tubules and have been
use& to monitor renal tubular function?****!, NAG is present in the basal cytoplasm of -
animal and human proximal tubulés, while LAP is found in the straight portion of the
proximal tubule, associated with the brush border microvilli. Ele;rated urine levels of NAG.
and LAi’ have been reported in cis-platinﬁm induced nephrotoxicity in humans?®*.

- Lysosyme (muraminidase) is a baéicprotcin erizyrﬁe of 14,000-15,000 daltons
a whi’ch ori'ginates from the lysosomes _of ’phagocytiC‘cellS. Its presence in urine has Been
shdwn to correlate with the extent of tubular c_,lamage dete;minéd b): kidney histology, as

: o : ¢
well as to the presence of urinary tract infections in animals, although not to date in
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humans?*?. The mechanism of elevated lysosyme levels in urine appears synonomous with

27

that of B,-. M3 due to the incomplete reabsorption with proximal tubular damage.

Alkaline phosphatase and its isoenzymes have been studied in a varigty of disease
conditions and their presence in urine appears to parallel renal injury, particularly with
tubular toxicity'?’.

Immunological techniques have been reported for the determination of immune
complexes, serum complement, tumhour associated antigens (CEA, galactosyl transferase
(GT)), and glomerular basement membrane (GBM) f fagmems in urine: These estimations
rely on polyclonal or monocional antibody assays, such as RIA and ELISA, for
determining the presence of the specific entities and their presence méy indicate underlying

disease conditions, including renal pathology®”’.

2.1.3.6 Tamm-Horsfall Glycoprotein

Tamm and Horsfall?°****first isolated the high molecular weight (> 7.0 x 10¢
daltons) glycoprotein which now bears their collective names (T-H gl&coprotein). The
amino acid and carbohydrate constituents have been determined and show that about 25%
of the T-H glycoprotein consists of carbohydrate structures’**. Although individual suéar
constituents vary, the main saccharides are ﬁexose, fucose, N -Acetylhexosamine and Sialic
( N-acetyineuraminic) acid. Glycolipid is pfesent in low concemratibn”’. .

T-H glycbprotein is as;ocia,ted ﬁvith epithelial cells of the kidney tﬁbule"‘, limited
to the aécending limb of the Lo&) of Henle and to a segment of the distal cbnvolutcd
tubule below the macula densa®®’. It is the primary constituent of hy#ljne casts?®"*" and is .
excreted into the urine of normal humans. It is exqeted in excess quanﬁﬁes in pétien’ts
with nephrotic syndrome and ?réteinuria. however ifs excretién is markedly reduced in
lpaﬁents‘ with chronic fenal failure®* A signific_ani correlation has been shown between T-H
glycoprotein excretion/24 h and creatinine clearance, in patiexit studies and h; been
-advocated asa measure-of renal function estimation®'’. It is able to bind to mercuric acid

and ethacrynic acid and may play a role in active sodium and chlo:idé transport by the
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tubular cells?*!. A recent study by Ollier-Harumann er al. *** has shown that T-H
glycoprotein clearance increases from infancy to adulthood when related to body surface
area. They conclude its usefulness as a measure of tubular mass and of distal tubular

function in particular. .-

2.2 CIS-PLATINUM NEPHROTOXICITY

The antineoplastic agent cis-dichlorodiamine platinum (II) (cis-platinum) has been
reported to be useful in the chemotherapy of numerous malignant conditions, both as a single
agent and in combination with other cytotoxic agents. It is currently included in almost all
treatment regimens for ovarian cancer, squamous cell carcinoma of the head and neck,
semenomatous and non-semenomatous testicular cancer, bladder carcinoma and is often
helpful in carcinoma of the lung and cervix. The clinical use of cis-platinum has been the
subject of many reviews?!*-?'¢ and will not be discussed in further detail. Nephrotoxicity
remains one of the major limitations of its therapeutic use and has been reported as a

dose-dependent phenomenon?!’-1%,

2.2.0.1 Pathology
Renal alterations have been noted in mice and rats after the administration of
single intraperitoneal doses of _cis-pvinum‘". Early changes in the mitochondria and
brush border membrane of proximal tubules have bé‘en shown to reflect the advanced -
complic;tions of toxicity**. Two weeks post-in jectiqn. the majority of .tubuleé are dilated,
have thickened t;asal ljamella, and are devoid of microvilli. These lesions become mdte
advanced at four weeks, involving the S, and S, segments of the proximal convoluted
| tubule, while at 6 months étrophy of the tubules.and cysts is often néted“"”‘. The
chronic -Loxicity can lead to permanant damage, resulting f’ rorh lyﬁlphbcyte 'inf iltration and
interstitial fibrosis™*. -
| Although the exact mechanism of tubular toxicity is unclear, it appears to be due

to the metal ion of cis-platioum, and is analogous to the toxicity seen with other heavy
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metals (Hg, Cd)******. In vitro studies with isolated tubular cells haye revealed generalized
reductien of tubular mg:toabolic function (ATPase) and diminished transport (PAH) after
high dose cis-platiﬁ;xm treatment’?*. The giomcmtusfc_joésnotiappear 10 be affected
directly, althofxgh diminishe;j hemod)"namics may -occur ‘as'a‘ C(;gsequencc of .toxicity due to
the activé:tion of the renin/angiotensin II system, causing constricfiéh of -glomerular
_arterioles?’. - o o .' ' .
The nephrotdxic effefts of cis-platinum is repb'rth to be similar in dogs?*?’, '
however in man, altcrau'onsv'in the distal convoluted tubule an‘d:‘_u?c, ¢ollecting duet are
often noted to be the most affected regions of the nephron?**. A reg-iﬁction- in tﬁe degree of o

nephrotoxicity can be achieved by induction of diuresis (mannitol or furosemide) and’or )

hydration??%3°, -

2.2.0.2 Diagnosis of Cis-Platinum Nephrotoxicity.

Cis-platinum nephrotoxicity is generally investigated by standard me}hods '
including serum creatinine, creatinine clearance (CrCl), blood urea nitrogen ( BUN)*,
and urinary markers such as enzymes oI prOteinS“‘. Because ‘_gis-platinux_n.renal toxicity
may not necessarily result in changes of glomerular function, Lﬁe measurement of GFR -
may not be appropriate as a measure of n‘gphrotoxicity"". B:-MG clearance, and tubular
enzymes NAG and LAP have been frepo'm;d as more sensitive techniques for monito;ing

_tubular function in cis-platinum therapy?**%*. Changes in the urinary parameters are .

observed earlier than subsequent changes in renal hemodynamics, resulting in increased

sensitivity of these techniques. Radionuclide methods using **™ Tc-DTPA or ***I-OIH
~ have been reported for the investigation of cis-platinum nephrotoxicity?*!, but because of
the limitations previously discussed, they may be insensitive for the early detection of

I

changes in tubular f u'nction, ,
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e human adults as wel} as m ammals“"”’ due to sumulauon of the 1mmune systcm by m(annal

. has been rJepo’rTe)d in a vanety of animal and hurnan carmnomas andﬂs thoughy

. TA;-Ha and RI i m mxce“’ 143-243 ASPG 1 rat mammary cafcmoma"‘ 741 'and a gumea pxg

) ﬁepatdcarcmoma“' are reported 10 express f ree T F anngen

"Z&IAntiT-Fannbodm L o e

2.3 THE TROMSEN-FRJEDENREICH A’NTIGEN .

There has A.n a rcsurgeuce of interest in the Thomsen-Friedenreich (T-F) recently. 50
years-after its.first dsz(:OV«'ery“2 37 The mstory of ths now important markcr has been well
reviewed recently?**-**" and will not be the topic of further discussion hcrc although

explanauon of its current sxgruf icance in rnodcm immunology and histochemistry will.

The T-F antigen is a dxsaechgride enitity consisting of 8-D-Gal-(1-3)-a-GalNAc

\\ wirich is glycosically linked to O serine_or threonine of blood Eroup protein, as well as some
~ : fe- € ;

giyE&'Q'dg"'._ Unlike the ABO antigens.-the T-F antigen is not normally expressed on most

normal tissues, although there are a few exceptions. In the vast majority of cases, including )

E—

erythrocytes, it is in a cr&p-tic or masked form with N-acetylmeurarinic (sialic) acid linked to

the terminal galactose an N-acetyl galactosaminc residues?®’’. Unmaskcd or free T-F antigen

mahgnam transf Qrmauons occurmg dunng differenUauon rcsulung in

-

incomplete glycopro&cm/glycohpid structures®”*, T:F4 nugcn expressxon has been rcported“m

- most. adenoca.rcmomas (tumours ansmg from eprthehal cells) mcludmg breast, lung, © - .

B gastromtesnnal uact bladder as we}l as melanoma”'*“’ Many ammal tumours mcludmg' - *

Anu 'I‘ F anubodim,( mamly‘ IgM class ) are known to be prcscnt in thc sera of all v

mxcroﬂora"’ <35 ‘{'nese anubodxes normally mtcract th.h tissue bound and arculaung

e

glycoprotems wrth exposed T F antigen“* sand it has been rcported Lhal p’auenls wnh

carcinomas of the brcast’” GAT. % and melanoma (mcludmg mctascascs)"” have reduced e

serum anti-T titres in companson to controls Decr&sed cuculadng lévels, are presumably due ,a\

to adsorpuon to tumour-bound anugen or to cuculaung cclls o‘&ragments thcreof
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(o]

(glycoproteins)?*°. Cclljrr']ediated immunity is known to be induced in patients with
adenocarcinomas expressing free T-F antigen structures, whife normals only possess ilumoral
immunity against T-F antigen?*®?3238-24% .

The recent advances in hybridoma technology have been used to produce monoclonal
anti-T antibodies against the T-F antigenic structures?*”**! . Immunological and

immunohistolagical characterization and distribution studies of T-F antigen structures, is now

ass o
Wb e

possible usi.yb 35

2.3.2 M-, N-, T-F- and Tn- Glycoproteins.

The T-F antigen is the immediate precursor of the major antigens of the second human
blood group system, MN?¢#¢>. The immunodeterminant group of the T-F antigen has been
shown 1o be the disaccharide 8-D-galactosido(1-»3)-N-acetyl-a-D-galactosamine
(B-D-Gal-(1+3)-a-GalNAc)?".

T-F antigens prepared from N, M, or NM anﬁgens have the same composition and
react equally in hemagglutination inhibition assays with anti-T-from animals or humans"’ or
whh peanut lectin (PNA)?*¢*. Enzymatic degradation of the disaccharide by a-D-galactosidase
reveals the precursor antigen, Tn, which has the sugar N-acetyl-D-galactosamine (GalNAc) as
. its immunodeterminént structure. As with T-F antigen; this is a-g'lycosid‘ically linked to

serine or threonine residues of the glycoprotein or glycolipid.

2.3.3 Composition and structure‘of the T-F and relatéd antigens.

.chnk and Uhlcﬁbmck".‘ first isolated the membrane glycoproteins from bovine
erythrocytes in 1958, and Springét et al.**’ subsequently isolated the TF antigen from human
red Vbl,ood cell O and NN antigens. They feported the T-F antigen to be an aggregate of
repeating, identical subunits of molecular vyeight 550,000 dalions. 40% of the Structuie was q
composed of éaxbohyd;ate. in which Gal and GalNAc were predorm'nant._ The protein portion

was rich in threonine, serine and glutamic acid, while few aromatic or S-containing amino acids
: \

a'l \\\ \
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were prescni“’.

The T-F antigen has several closely related chemical entities including the desialated
ganglioside asialo GM,, a tetrasacchande containing the terminal disaccharnde structure
B-D-Gal-(1-3)-B-GalNAc glycosically linked B rather than a?**?**’, and the Tn antigen.
which lacks the terminal galactose residue’’* . The chemical structures of these are depicted in
Figure 2.1 and 2.2.

Gangliosides, including GM,, are the principal glycolipids of the CNS, are present in
extraneural sites, and are thought to be the cholera toxin receptor of ddipose and epithelial cells
of the intestine**’. GM, has been reportec:l as a tumour -associated anu'gg:n in many animal and
human tuxi:ours{“'”’, while the asialo form (a-GM,) has been dcmon"sxratcd as a marker of
mouse natural killer cells?’* and murine fetal thymocytes®’. Asialo-GM, has also been found as
a tumour-associated marker of mouse lymphoma?’ and human leukemic cells**’.

The immunodeterminant structure of the Tn antigen is the monosaccharide N-acetyl
galactosamine (GalNAc) ax-ld its expression is thought to be caused by a somatic mutation in
adulthood at Lhe;lun'potent stem-cell level?**?"_ It was originally discovered in a patient with
haemolytic anaemia and polyagglutinability due to anti-Tn?’*. The Tn antigen on erythrocytes
is caused by a genetic block of the enzymatic ( ﬁi galactosyltransferase) addition, of D-galactose
" to GalNACc linked a to the hydroxyl group of serine or thrconint‘: in the amino-terminal region

of the glycoprotein?’’. Humans are known to posess anti-Tn antibodies, analogous to those of|
anti T-F#3¢178, | \
The T-F and Tn,antigens have been shown to be present in large quantities on the
- membranes of many carcinomatous tissues by ébsorpu‘on assays Qith anti-T and anti-Tn**""?,
or by direct histological staining**” ’",- Nofmal cell glycoproteins. in contrast, are usually
covered by covalcntly linked carbohydrates, tertmry structures, or by high negative charge due
to N-acetyl neuraminic (sialic) acid residues, but may be found in free form in .
"immunologically privileged sites separated from the immune system?*’. The structures of the

T-F and Tn antigens have been verified by a variety of methods including lectin-binding studies
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Figure 2.1 The chemical structure of the MN, T-F, and Tn antigens.
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(the topic of later discussion), antibody -hapten inhibition studies’”” and solid phase

immunoassay?’.

Synthesis of the antigen determinants in a form useful for monoclonal antibody
A

- production, binding studies and lectin purification has confirmed the chemical elucidation of

these carbohydrate struetures’”'"’, .
Although both anti-T and e pehmz: lectin are capable of binding to the T-F antigen, care

must be taken in interpreting mstochemml or serologwal results. Distinctions are made within
" “the classd‘ 1cauon of T-F anugemreceptots these being r) "True" T-F antigen which will bind
both anu-T and PNA. Such receptors are found on the glycophorin of desialated erythrocytes.
ii)\ "Pseodo" T-F or "T-F like" receptors, which will bind only PNA due 10 reactivity of
similar diéaccharides such as that found on é~GMl'. iii) Cross-reacung receptors which will
bind PNA, bur are not due to BDGal(1-+3)GalNAc Structureé’". .

23 :4 T;F'and Tn antigens in Tumour Aggressiveness and Adhesion.

. Recent reports‘“’”' have indicated a correlation between\'fhe relative proportions of
T-F and Tnand Lhe aggressiveness of some tumours. The expressron of T-F and Tn in large
quanuues appears to rndume a poorer prognosrs and hxgher metastatic potential in carcinomas
(panicularly. but not exeiusrvely adenocarcmomas ) of the lung pancreas, breast, unnag'
bladder G.I. T., and prostate?s**"™ -2 C - ' \

Adhwon of tumour cells expressmg T-For Tn antigens has been demonstrated to hver :

hepatocytec in ammal cell mhxbmon studies?"’, Presumably this mechamsm is analogous to the

a bxnding of mrculaung asialo- glycoprotems to the hepatic protem bmdmg (HBP) receptor
ongmally dxscnbed by Ashwell“' and may in pan explam the or}gan -specific metasta c

potennal of some aggmwe tumour lmec Funher dxscussxon of' dns important concept is

Y

beyond the seope of thxs survey but has been recemly gevxewed by Kxeran and Longenecker"’
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2.4 LECTINS.

2.4.1 Definition and Classification.

| Considerable debate has arisen in the literature regarding the most appropriate
definition for a class of proteins or glycoproteins which are collectively known as lectins.
"Lectin” is derived from the latin legell'e 'to choose or to select', and was originally coined by
Boyd and Shapleigh?*® in 1954 to classify many carbohydrat.e-binding plant seed
prbteins/glycoproteins which were able to agglutinate human red blood cells accordinﬁ to their
blood group. Expansion of this nomenclature was found necessary to include an ever ~‘increasivng
number 'of‘ lectin-like substances isolated frpm a wide diversity of sources such as bacteria,
fungi, fish, sers. snails and mammals?*'. The nomenclature committee of the Intem‘atipnal
Union of Biochemists (IUB) and the Joint C‘ommissionA on Biochemical Nomenclature (JCBN)
have adopted the definition proposed by Goldstein er ai’" ie; tl{at lectins are 'sugar{ binding
proteins or glyc0proteins of non-immune origin which agglutinate cells an;i/or precipitate
glycocon jugates". This definition also states that "lectins bear at legst two sugar- bmdmg sites, -
agglutinate animal and plant cells (most commonly erythrocytes unmodified or enzyme
treated) and/or prempltate polysaccharides, glycoproteins and glycolipids".

Although first d:scovcred in piants lectins have also been found in many other
organisms, mcludmg mammals"‘. A lect.m may be soluble in bxologxcal fluids or membrane
bour;d Other types of sugar-bindiﬁg proteins exist includinuxnzymes (glycosidase
glycosyltransferases etc. ) transport protems hormones (TSH, FSH etc. ) and toxins (ricin,
abrm modeccm etc.) however they may or may not be included w1th [hlS def mxuon”’ Under
some cucumstances enzymes with multiple l?mdmg sxtes may agglutinate cells, and hence »be
classified as Ieetins Distinction is made with tdxins in-that they bear only one sugar-binding
site and hence- do not fit these cmena De&f/mmons such as "Antibody-like substanees'”‘ .

reoeptor specxfxc protems""’ "sugar spemﬁc"”‘ and "affinitin "*"" have all been advocated

for classﬂ‘ 1cauon purposes none of them bemg adequately definitive. Others f eel that the

a
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current definition does not encompass enough of the physiological or biochemical inf ormz;tion

known about proteins of this kind, and excludes compounds such as Lﬁe toxins whose |

interactions are with single Einding‘ sites but are sirnﬂar to "true” lectins in all other respects®®*.

No classif imn'c;n system has yet been described which unifies them in terms of their biological

role. .

24.1.1 Mé;:roxpolecular Properties.

- Affinit_y purification techniques utilizing solid supports of spec;f ic lectin binding
carbohydrates is the procedure of choice for production of high purity lectiné. and is the
subject of past review?"’. Each lectin purified has showﬁ its individual chemical uniqueness
although some common amino acid sequences in related lectins have been
demonstrated?°"*°!. Most are composed of subunits of identical moleeular weight, and

-+ although the number of subunits may vary, most have.a common tetrameric structure’?>.
Molecular weights are reported between 36,000-335,000 daltons*®. The quaternary
structure often requires the presence of metal ioﬁs (eg Mn?* and Ca?**) to maintain
fuctional iﬁtegrity"‘. Most lectins are glycoproteins, althbugh there are some notable

_exceptions such as peanut lectin (PNA). concanavﬁlin A (Con A),' and wheat germ lectin

(WGA) which do not contain covalently bound carbohydrates as part of their structure’°°.

<

2.4.1.2 Functional Roles of Lectins
The di_ve'rsity of f unctional rdl&s suggested for lecﬁns do not allow a unifying

system for thcir classification based 6n bidlogiml function. Seed lectins have been implied
as important for germination, cell d_;'f,fercmiation, and defense against patﬁogens”""".
Plant lectins may play roles in longitudinal cell growth, nit.rogexi fixation in leg_umés.
‘ transﬁort. immobilization and storage of sugai_'s, defence against plant pathogens Or as

| enzymes for ¢ sgxf ic substratw”"’": Animal lectins have béen implicated in the removal of
foreign ‘br. unmasked glycopro'teinsvf rom éirculation; m otganizaﬁdh of cells ’dur_i'ng ' |

‘embryogenesis, and in cellular communication and/or adhesion?*?.
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2.4.2 Lectin Carbohydrate Specificity i

The most logical approach in classif ying lectins is via their specificity ‘for carbohydrate
moieties. Lectins are Tharacteristically inhibited in their agglutination or precipitation reactions
by competing sugars*®’. The sugars which are the "best”, or rather, exhibit the strongest
inhibition on the reactions have been reported for a number of Alectins and are sux‘nmariz.ed in
Table 2.3.

Stringent structural requirements exist for the integaction of lectins ‘with their inhibitory
carbohydrate. The C, and C, hydroxy éroups of the sugars have been implicated as particularly
importaut in lectin-sugar interaction®®'. This is demonstrated wi£h the monosaccharide binding
.lecu'r.zs, an examplé being that the D-Galactose (D-Gal) binding lectins will not interact with
D-Glucose or D-m:;ﬁnose or vice-versa’’*. Not all lectins bind as strongly to monosaJcharide
as they do to dissacharide or even trisaccharide carbohydrates and hence the binding sites are
obviously extended beyond the terminal sugar residue’™. PNA and Con A both have extended
binding sites demonstrable by their enhanced inhibition with di- and/or trisaccharides®®.

The chemistry of lectin binding to compiex ohgosacchaﬁdes, glycoproteins and cell
receptors is generally much more complex than that demonstrated with simple sugars?*!.
Non-specit%c and multivalent interactibns result in higher association constants betweer lectins
and these ;omplexqs and non carbohydrate related bonding such as hydrophobic interaction has
- also been reborted’“. Thus many lectihs which possess similar binding affinity to
monosaccharides may show large differences in aff inityAtowards more complex
heterosaccharides"’. These differences make lectins powerful tools in dif; f erentiating fine
structural variations in glycoéqn jt;gates.and cell membra‘ne glycoproths or glycolipids®®*.

Because of the specific and reve.rsible i_nteréctions that léctins and ‘mrbohydratcs exibit,
they have been compared with the antil;ody-antig;:n reaction and Jectins have rcpbnéd as
antibody-like substances"**. Like antibodies, lectins possess a definite combinig site and
bin;iing m be inhibited by low molecular weight sugar ""haptc'nks'. however they do not posess

- most of the other‘chél;acteristics of antibodies (ie. those responsible for immunological

o



Table 2.3 Common Lectin Carbohydrate-binding Sptcificities.

A

/

peanut

KEY: Fuc=fucose, Gal=
"Man =mannose -

galactose, G_nlNAq =N-Acetyl- D:gzlactosamirie, GlcNAc=N-Acety! -D-‘glucosaminc.

‘

O

.

Genus and Species Common Name Origin Binding Specificity
D-Mann inding lectin:
Canavalia ensiformis(Con Jack-bean plant D-Manal
A)
Lens culinaris lentil plaat D-Manal
Pisum sativum pea plant 3 D-Manal
Vicia faba+ plant D-Manal
E.coli, Ps acruginosa bacteria D-Manl
N-Acetyl-D-Glucosamine binding lectins

Livers veriebrates D-GlcNAcS!
Bandeinuea simplificifolia BS-1I plant D-GlcNAcal
Triticum vulgaris(WGA) wheat germ plant (D-GlcNAcB1-4),
Solanum tuberosum potato plant (D-GlcNAcSl-+4),
Datura stramonium jimson weed plant (D-GicNAcBl-+4),
Phytolacca americana(PHA) ©  pokeweed . plant (D-GlcNAcBl-4),
L-Fucose binding lecting
Anguilla anguilla eel vertebrate L-Fucal
Ulex europeus 1 gorse seed plant L-Fucal+2DGalB1+4GicNAcAl
Lotus tetragonolobus asparagus pea plant L-Fucal+2DGalBl+4

; -[L-Fucal+3}-DGIcNAcS

Sialic _acid )
Limulus polyphemus horseshoe crab invertebrate sialic acid
N-Acetyl-D-Galactosamine binding lectins
. lobster lectin I | _invertebrate D-GalNAcl
Helix pomatia snail invertebrate D-GalNAcal
Phaseolus lunatus lima bean plant D-GalNAcal

rabbit liver vertebrate D-GaiNAcal
Sophora japonica poganda tree plant D-GalNAcA1
Glygine max(SBA) soybean plant - D-GalNAcal-+3-DGal81+3GicNAc
Dolichos biflorus(DBA ) horse gram plant D-GalNAcal-3 -

. -[L-Fucal+2]-DGalfl
D-Gaiact inding lectins .
Dictyostelium  discoideum slime mould fungi D-Gaigl
Ricinus communis(RCA) castor bean plant D-Gaipl
Cerianthus membranaceus sea anemone invertebrate D-Galfl

liver, muscle, milk. lung, . vertebrate D-Gaifl

S heart
Electrophorus electricus ~ electric eel vertebrate D-Galgi
. Ps. aeruginosa . bacteria D-Galfl-

chick embryo plant D-Galfl+3 (complex)
Agaricus bisporus mushroom fungi D-Galfl-+3 (complex)
Bauhinia purpurea plant D-GalBl-3 '
Geodia cydonium sponge sponge D-Galfl+4

chick embryos vertebrate D-Galfl:
Axinella i sponge sponge - - D-Galfll+6
Tridacna maxima clams | invertebrate . D-GalBl-6

" Arachis hypogoea(PNA) plant © . D-GalBl-+3DGalNAc
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responses, complement fixation or antigen 'memory)"’. Lectins are present as cellular
constituents and are not elicited by an immune résponsc. Lecting possess a wide variety of
 structural diversity while antibodies have similarities in structure, dependent on their class and
subclass. Lectin interaction is confined towards simple or cagplex carbohydrate residues
whereas antibodies may be produced against a wide variety of haptens including amino acids.
proteins, and nucleic acids?***°°. Despite L.hc obvious differences, lectins can be use in place of
antibodies for blobd group typing and in the mitogenic stimulation of lymphocyte .

transformation*°®.

2.4.3 Uses of Lectins.

The high affinity that lectins possess for carbohydrate residues and the ability to label
lectins with a variety of markers ( fluorescein (f’ITC), Rhodamine, ferritin, peroxidase
(HRPO), biodﬁ,agold colloid or radionuclides [**I, **I]) has resulted in their use in many
disciplines®°*. A major contribution has been made in dete;fnining the distribution and chemical
heterogeneity of cellular glycoproteins and glycolipids by histochemical studies at both the light
and electron microscopic level. This has been the subject of recent reviews**¢**’. Modifications
in glycosylatgd membrane constituents with many diseases (ie maligﬁam vs normal), or at
different staggé of embryogenésis have aiso been reported using lectiné’".

“The specificity of most blood groups is depcnde‘nt oh cell-surface carbohydrate residues -
and lectins are valuable in clinical typing and study of blood group dctermina_mts"*”""”'.

Lectins often interact with ;ells causing agglutinaiion or precipitation. This is a result
of complex interactions betw&ﬂ the cell membrane and the lectin, resulting in cross-linking and
clumping®®*. Lectin rgcep;dr sitw‘ have been shownvto aggreggfe into clusters facilitating the
agglutination?”. Sigaificant dif férences in cell agglutinability has been shown between
malignant and normal cells, embryonal and mature cells, mitptic andlb quiescent ceiis and
between normal and enzymatically transformed cells’"’”’. Although the number dfbinding - |

‘sites of normal and transformed cells is similar, the differences in-agglutination appear to be ,

A
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the result of rearrangement of these sjtcs, or increased mobility of receptors**’. When the
reccﬁtors are randomly dispersed.or fixed by glutaraldehyde £reatmcnt, the t;ansf ormed cells
fail to be preferentially agglutinated?°¥?*1?12,

Con A and PHA are mitogenic inducers of the growth-and division of T-lymphocytes
regardless of their anu'gcm‘c specificity’**?*!* and this phenomenon is useful in immunological
stﬁdies of lymphocyte function. The use of Con A in renal allograft perfusion has been
reported to increase the survival of grafts in doés“‘. The mechanism is thought to be due to the
.. masking of donor cellular antigens by Con A, resulting in diminished host humoral ‘
1esponse?¢t?,

The demonstration of selective in vitro binding to malignant and not to corresponding

——

normal cells has led to the use of several lectins as ir vivo carriers for both diagnostic and

therapeutic purposes®*. Con A binds to ccrtain tumours in vitro and can cause agglutination
and cell Aeath’" and the in vivo admlmstrauon of Con A has been demon;rated to increase the
life span of tumour beanng mice. When methotrexate or chlorambucxl was covalently attached
to Con A, a significant mcreasc_ in the anti-tumour effect over the lectin or the:
chemotherapeutic agent alone ﬁas been notéd’""“. |

Immobilized lectins have also’ been used for affinity -chromatographic purif icaﬁon of

glycoprotcins, cells and fractionated cell subpopulationg?®421323,
. X »

2.5 PEANUT LECTIN (PNA).

Thc peanut ( Arachis hypogoea) lectm (PNA) isa readxly available protein, which binds
preferenual]y to ohosaochandes containing the termmal sequence
B -D- galactosyl -(1-+3)-N- acetyl -D- galactosamme (,BDGal(l-»3)GalNAc)"‘ ¢, Both the a
and B oonf iguration of this dxssachandc are known to bind PNA“’ 336 je, the |
lmmunodetermmant groups of the T-F and a- GM, anugens As prevxously mcnnoned these “
~ antigens are xmportant tumour -associated markers exposed on a mde number of tumour.

membran% and soluble glycoproteins. Exposed T-F antigen has been found ina vanety of
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adenocarcinomas including lung, gastrointestinal tract and breast?>*?*"??’-23* and PNA
demonstrated to bind to these epithelial cells but not to the corresponding normal cells both tn
vitro and in vivg*1T¥°

The affinity of PNA for reactive T-F antigen results in the agglutination of
neuraminidase treated erythrocytes and has Seen designated an "anti-T agglutinin” since it gives

the samé immunological reaction as the anti-T antibody of mammalian sera’*!.
2.5.1 Macromolecular Properties of PNA.

Lotan er al.’** determined the molecular wcright of affinity-purified PNA to be 110,000
+ 10,000 daltons, as determined by gel filtration and sedimentation velocity. Using
sedimentation equilibrium centrifugation Terao et al.*’* found close agreement with this 'value
( 106,500 daltons ), however Fish er al.’** reported a lower value of 98,000 + 3,000 daltons
using similar Lechm'dues. Discrept;ncies may be due to i) variations in extraction methods
resulting in slight aggregation, ii) higher protein concentrations used by Lotan and Terao or iii)
~ isolectin yariations”"”‘.
PNA is a relatively acidic (pl=25.95)%*?, hydrophilic and <compactly folded protein®®*. It
“isa tet;ameﬁc structure composed of four identical monon?ers of 24,000-27,000 daltons which -
are noncovalently linked??***#3%3_ One binding site exists per monomer ( four per PNA molecule
) as determined by equilibriurn dialysis, and atomic absorption studies indicate each subunit
contains one Ca’* and Mg?*/Zn** atom (0.78 mole Mg?*/subunit and 0.11 mole
Zn?*/subunit)?**, The stability of the tetrameric structure is pH dependent and PNA reversibly &/
dissociates to a globular dimeric structﬁrc ( 48,000 daltons ) which lacks sugar binding capacity
at pH 3.0%**, The intrinsic sedimentation co&ffici;nt corresporiding{y decreases from 5.7 £ 0.1s.
to 3.8 %+ 0.2s at pH 3.0. In the presence ‘,o’f detergents (SDS) or denaturing conditions PNA
dissociates té four identical subunits of 27,000 daltons which posscss the same sequence for the

last five NH,-terminal amino acids’?*332%3,
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Amino acid sequencing studies of PNA has been reported by several
investigators®?*??733¢3%7 [ otan et al.’*’ demonstrated a high content of acidic and hydroxylic
am‘ino acids, relatively little methionine, tryptophan and histidine and absence of cysteine.
Terao et al.’** reported conflicting data with that of Lotans' study of composition. They found
considerably less threonine, serine, tryptophan and arginine than Lotan, an absence of
methionine, but 16.6 moles of cysteine/mole PNA. The first 40 amino acids of the N-terminél
c?d of PNA have been sequenced. Considerable homblogy exists between the first 25 and the
first 40 residues of PNA and several other legume lectins ( soybean, lentil and pea ), suggesting
a common ancestry for the genes coding these lectins"". A r?c\’cn't‘ studies by Lauwereys et a/.**’
has elucidated 161 amino acids of PNA, 69 of which were identical to SBA, and 71 identical to
favin.

The PNA molecule is an asymetric orthorhombic crystal structure, as determined by
X -ray diffraction studies®*'. About 57% of each molecule is occupied by solvent and the
hydrodypamicl radius of the molecule has been estimated as 35.5 = 1.5". Ultraviolet (u.v.)

_ spectroscopy dcmgnstrates a small gbsorption peak at 290 nm with a double maxima at 277 and
283 nm’*. The e;tinction coefficient has been calculated as 0.96, while the ébsorption ,

| coefficient ( Ay ) is 7.7 cm % In the\ presence of inhibition sugﬁrs. the u.v. spectrum
shows saccharide-induced transition. The thermodynamic parameters ( entropy and enthalpy )
have been reported for the binding of PNA to SDGal(1-+3)GalNAc?3532*, En;ﬁalpy (aH ) |
was calculated as -78 + 5 k].mole™! aad entropy ( §') as -177 £ 16 J .mole-! X,
| Unlike most other lectins, PNA does not contain any covalently bound

carbohydrates’?*. The protein has been found to be stable ;l‘ithin the,co'nt:entration range

0 5-2.0 mg.mL-!, between pH 3.0 and 10.75, and between 0. 8 52 C, Cryoxnsolubxhty has

: been noted vmh PNA solutions of high conoentrauon (>2 mg mL-! ) at temperatures below

4°C**!, This is most likely due to protcg,n msolublhty as polymcnzatmn or conf ormanonal

changes are not observed The pmcnce .of BDGal(1->3)Ga1NAc results in prcservauon of _

, solubxhty
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PNA is very stable both in solution and as a lyophillized powder. Crude saline extracts
have shown no significant loss of aggluiinauon ability when stored at 20°C for up to 6 months

" while lyophillized preparations have been reported stable up to 2 years®'’.

2.5.2 Isolation and purification of PNA. 4

The anti-T-F activity associated with PNA was first found in crude saline extracts of
peanuts { 10% w/v NaCl solution )***. Because peanuts contain up to 40% of their weight as
lipid components, and these are ‘present in saline extracts, pre-extraction of the crude peanut
meal with organic solvents ( ether, acetone ) is advocated to remove the lipids’#¥:3734724} The
proteins from the defatted saline extracts are usually salted out with neutral salts ( eg.
'saturated Ammonium Sulphate precipitation ) prior to centrifugation, reconstitution and
dialysis/ultracentrifugation. The clear supernatant will still contain other peanut proteins such
as the large molecular weight peanut globulins arachin ( 380,000 dailons .) and
conarachin’*¢-’*". PNA is isolated from this mixture by conventional protein purification

techniques, affinity chromatography or a mixture of these techniques?*"?*73¢*,
)

2.5.2.1 [solectins: Multiple Molecular Forms of PNA.

Aft‘"xm'ty purified PNA, found homogeneous by most protein purification
techniques, has been reported'to coniain multiple molecular forms, known as
1solecuns”‘ 3#* These have been demonstrated using polyacrylamide gel elcctrophorcsm and
isoelectic focussing where differences in electrophorcue mobilities were noted*’***'. The
presence and relative abundance of the isolectins varies depending on the individual
gcnotype of the pcanut meal used”‘ Newman®* resolved the properties of scveral .
isolectins, rcpomng that all were composed of subunits of the same molecular wcxght
(28,000 daltons ), contained the same terminal amino actd ( alanine ), and had similar
agglutination reactions to neuraminidase-treated erythrocytes. Cross-reactivity to a murine

| anti-PNA antibody was similar for each isolectin studied.
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PNA has been reported present in 4556 genotypes of 9Araclu‘s hypog’pea and in 65,
genotypes of species related to Arachis®*. All but four of the wild species of Arachis
contained seeds with PNA present. PNA from the variety 'Shulamit’ was reporzed to have
mitogenic properties towards desialyzed lymphocytes, while PNA f rom unspecified
genotypes of Arachis hypogoea has not been found to be mitogenic®*°. Presumably
differences in isolectins account for the minor differences in PNA interaction with cellular

glycoproteins.

2.5.3 Carbohydrate-Binding épeciﬁcity of PNA

Initial studies by Bird**!, using crude saline extracts of Arachis hypogoea, demonstrated
the agglutination of neuraminidase-treated human erythrocytes (N'RBCs) independent of their
ABO blood group type. The inhibitory effect of various mono- and oligosaccharides on the
hemagglutination of N'RBCs or on glycoprotein precipitation have been r;poned by various
investigators®*¥#3¥3%1 35 well as more direct measurements of carbohydrate binding including
equilibrium dialysis***, u.v. difference spectroscopy****?***? and carbon-13 riuclcar magnetic
resonance (NMR )33,

The monosaccharides D-galactose and a- and 8-D-galactosides, such as lactose, were
able to inhibit the agﬁlun‘nau‘on of N'RBCs and it was postulated that 8- glycosidically - linked
D-galactosyl residues may be an important constituent of the T-F antigen®?*. Uhlenbruck et

al.*** demonstrated very strong inhibition with 2-acetamido-2-deoxy-3-0-8-D- '

- galactopyranosyl=D-galactose (8-D-Gal-(1-+3)-a-GalNAc) and by glycoproteins and

gangliosides carrying this disaccharide in a non-reducing (or terminal) position. The desialated .
glycgproteins a,-acid glycoprotein, fetuin, glycophorin and the hurpan blood group NN or MN
antigens have also been r;portéd as specific inhibitors of PNA binding to N'RBCs?1¢325°333

.

~ These compounds all contain the core structure B-D-Gal-(1-+3)-a-GalNA¢ upon desialation .
Asialo-GM, has also been shown to inhibit PNA binding to N'RBCs with similar affinity to

B-D-Gal-(1-+3)-a-GalNAc. Other sugars which have shown inhibition of PNA



(hemagglutinauon or glycoprotein pri:cipitatjon) are summarized in Table 2.4. ~
In contrast to most other D-Galactose specific lectins, PNA is not inhibited by
terminal N-acetyl-D-galactosamine’***** and it is also one of the few lectins which is able to

accommodate more than a single glycosyl residue in its combining site’*¢_ Its interaction with

the disaccharide BDGal(1-+3)GalNAc appears very specific and has an affinity 50 times higher

than the galactosyl monosaccharide suggestive of an extended binding site for PNA?1334333
The structural features of c‘zrbohydratcs required for binding and inhibition of PNA
have been summarized as follows:

1. .On C-6, an extracyclic chain was found necessary for the carbohydrate-lectin interaction
and the orientation of the C-6 hydroxy! group is critical. Substitution of the C-6
hydroxymethyl resulted in decreased binding and therefore is also important for

‘ sugu-lecﬁn binding.

2. A free hydroxyl or amino acid group on C-2 is required for interaction. Although a C-2
hydroxyl in an equatorial position is. not essential for binding, the axial position of this OH
was reported to diminish binding affinity?2#332-337,

3. A free hydroxyl on C-4 is necessary for binding, and the configuration of the C-4 terminal
residue should be similar to D-galactose??*?3%, |

4. A amethoxy group on C-1 favours binding, slight preference is se¢n for the a anomer. The

fex ’0(1) atom appears to be involved in the glycosidic bondmg while the second residue is

involved in association with PNA. The B(1s4) linkage favours assocjation above a(1-+6)

linkage, suggesting that C-1 configuration is also important??$3¢, i

5. Terminal sugars in the pyranose form are reported as more ef: f ective inhibitors than those
in the furanose or ‘open chair' form. Similar pyranose configuration of the penultimate
GalNAc residue also confers-increased inhibition??, | |

PNA -glycoprotein, glycolipid-or polysaccharide interacu'on is more compiex than that
seen wuh smple mono- or disaccharides. This is due to the secondary binding stabllu.auon

beyond the combxmng suc itself including multivalent binding, steric interaction, and

2

[
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Table 2.4 Inhibitory effect of Carbohydrates on PNA hemagglutination or glycoprotein

precipitation

Relative Potency of Inhibition® of
Inhibitor Hemagglutinationt Precipitation}
Monosaccharides
D-Gal 1.0 1.0
D-Xyl <0.4
L-Fuc <Q.25
D-Fuc . <0.4 0.6
D-Glu,DGIuNH, or GluNAc <0.25 ’
DGalNH, 1.43-4.25 2.2
DGalNAc <0.25
6-0-methylaDGal 1.0
methyl SDGal 1.25 1.5
p-Nitrophenyl SDGal 1.25-2.0 .15
Di- and oligosaccharides and glycoproteins
DGalB(1-+4)DGlc (lactose) 1.66-2.0 : 2.2
DGalB(1-+6)DGlc 2.2
DGalB(1+4)DGIcNAc 1.66 4.0
DGalB(1+3)DGIcNAc 0.6
DGalB(1-+3)DGalNAc (T-F anugen) 50 54.5
DGala(1-+3)D-Gal-ol-NAc - 2.2
DGala(1-+3)D-Gal ' 0.9
DGala(1-+6)D-Glc 0.8 0.6
DGalNAca(l-+3)Gal , <0.5°
Ch-3 (MN glycoprotein fragment) 20.0 -
asialo-Ch-3 2 -
MN glycoprotein 2%
asialo MN glycoprotein 5,000

*® Galactose assxgned inhibitory potency 1 0 others calculated relative to this???.

T Based on concentration required for 50% inhibition of B- -type N'RBCs (Lotan et al’*) or
concentration required to completely inhibit 4 tmm the hemagglutmauon dose of AB-type
N'RBCs (Terao et al. ”&)

1 Based on concentration required for 50% inhibition of precxpxtanon of biood group
2 glycoprotein (Pereira er al?®). ¢
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non-specific binding?*1?**% . - ”
»

«

Because the determination of lectin- binding specificities by agglutiri;ﬁon or

precipitation merely reflect the relative binding constants of the different ligands. attempts ‘ )

# z

> ~ . . . . . . L4
have been made to study lectin-carbohydrate interactions using more sophisticated techniques
e

such as u.v difference specuoscdi)y and NMR**-** Matsumoto ef al.’*?, using u/v difl fcrgnce
spectroscopy, calculated gn equilibrinin constant of 2 x lO’HM‘l for the PN;- lactose interaction
at 21°C. Neurohr er al.>*73%*, aysing the same technjqueg, determined binding constams for .
PNA-methyl-a-D-galactopyranos;de (1.8x10°M1), PNA"meLRyl-&D-la;tosidc (1.3 iqz.IO’
M-') and PNA -methyl- 8-D-galactopyranoside.(1.0 x 10* M-!) at 25°C. Rcsulls frgm NMR

showed good correlation to those &etcrmined by the u.v. tecnniqﬁe. e

Neurohr er aA*>**** have ;roposed a two-step bind;;g mechanism f ar'l%:NA'ligand
interaction. This involves a initial interaction-( at close uf) diff usiohél rate ) f olibWed by
conformational rearrangement resulting in u}epf inal complex. The mechanism appears sirailar
for both mbno- and disaccharides*”***** , Circular dichroism studies of PNA' interaction
dcmonst;ated less conformational change associated with giycoprotein (asialofetuin) binding
than that of simple sugars®*°. These results ,imply that the extended binding site for
glycoproteins may be ;;redeterniined. The more intensive conf onriatibnal changes that-are

. } .
required for simple sugar interactions results in lower binding constants, confirming existing

data on relative binding strength’s****_ The binding constant (detcrmined by extrapolation) has -

been estimated as 1x 10’ M~! for PNA:T-F antigén binding’?* and is in agreement with those
values detefmined for other lectin:glycoprotein interactions. |
2.5.’ Biological Binding of PNA.
' Because of the specific interaction of PNA with the T-F antigen and with desialated
. glycoproteins and glycolipids cb’ptaihing cryptic antigenic determinants, PNA has gained wide
| spread use as a cell surface probe*¢’. Histological and immunological studies havg becn rfponed

in a variety of tissues and cell populations, including neoplasias and has been the topic of recent



- review?*? : : :

¢

2.5.4.1 Erythrocytes
The distribution of PNA positive cells in human peripheral blood is very low

(about 5%) most of theth being monocytes’s*. PNA, however, will bind and agglutinate

N RBCs independent of their AB _blood group as previously discussed’**-*¢*. The T-F

cryptoantigen has also been demo Jted on the membrane of erythrocytes by both
eerologrcal and chemical methods®**. Reductiye cleavage of the erythrocyte membrane
glycoprotein resuited ina tetrasaccharide N-acetyl | o ‘ .
neuraminyl( 2-;3 )B:D-galactosyl-( 1-+3)-[N-acetylneuraminyl(2-»6)] N-acetyl-D-
galactosaminol being released"‘.'Tnis structure is the major alkaline-labile oligosaccharide .
of the erythrocvte membrane, ‘and is the antigen determinant of the human MN blood B
group"' The glycoprotem contains about 20.8 umol of N-acetyl galactosamme and 48.7
" umol of sialic acid per rmlhgram of glycoprotein. ’I‘ho_jt{d szler“' further alluded
" that the T-F antigen (BDGal( 1-»3)GalNAc) is exposed when this tetrasaccharide is in the
e asralo t?orm ie. when treated with neuramxmdase In porcxne and bovme erythrocyte s
glycoprotem it has been shown that the C-6 posrtton of N- acetyl galactOSa;ﬁrTe s ‘ ~l
- substttu'ted with sialic acid?¢+262¢7, " . ' '
Several investigators have suggested the presence of two d:stmct antrgens on
-erythrocyte membranes treated wrth neurammndase\those with terminal D* galactose and
those with termtnal N-aeetyl-D-galactosamme and only the former responsxble for
' bmdmg PNA"‘ 335366 Aged RBCs show some dtfferences in therr bmdmg to PNA after
: neuramxmdase treatment when compared to young erythrocytes Senescent RB‘ s, which |
may contam only 70% of the s \%hc icid content of young RBCs and cells wrth extruded .

‘nuclex do not bmd PNA to the ¢ extent as normaJ eells"’ The probable cause of these

Bor Y

5 differenees may be due to the tvo cleavage of exposed D- galactose by glycosxaases such
. -aspB- galactos:dase af ter desxalatlon as it has been shown that older. erythrocytes contam | .
' rless galactose than younger eells“’ Agmg of %)Cs however does not result m unmasktng :
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of N-acetyl-D-galactosamine residues.

2.54.2 Lymphocytes

The lymphoid system is.comprised of humerous ccll populations such as T ax;d B
" lymphocytes, mature and immature cells differing in their uzlmunologxcal functions®™.
Although f uncuonal heterogeneity is demonstrated, morphological sumlanues exist and the

various cells are often present in the same lymphoid tissue. Advances in uumunology have

=

resulted in the identification of lymphocyte membrane antigens which are able to /

_ distinguish between cell populations. Lectins, including PNA, have been found valuable
tools in the identificatioh of lymphocyte cell antigens and for the separation of various
lymphocyte subpopulatiops’” .

4 Peripheral blood lymphocytes of htxmahs, rats, mice and guinea pig have been
shown to contain cryptic PNA'bin,ding sites which ﬁuh in PNA hindihg' af t'cr., ;\
neuraminidase treatment**"”*. PNA has also been shown to stimulate mitogcmc activity in
ur;misked human and rat lymphocytes. but not m hntreaterl cells**°. In lymphoid cells,
exposed'BNA membrane receptors are present on i_inmature thymocytes and some
neoplastic lymphocytes’***#°. In micc. PNA rcceptors have been demonstrated on the
v'membrane of thymus T'lymphoc‘ytes (thymocytes) of cortical origin®”. The radiati\on and
hydtocortisone sensitive PNA “binding thymocytes comprise the ma jority (80-90%) of the
thymus cell populauon"" PNA is also known to bind to supressor,rT -cells, and this has
been use: for differentiation and separauon of supressor T- cells f rom lymphocyte
populauons"‘ e, ‘ , : ’ ,

PNA binds to small numbers of cells in bone marrovq». splecn and J

lymph- nodt:sm 34 The PNA- bmdmg bone marrow cells i in mice have becn shown to be
unmature T- lymphocytes (prothromobocytes and lymphoid stcm cells)’" 318 Umbthcal
' ‘cord lymphocytes of humans have also been noted to be PNA posmve’" and this has led to ' :
oy

. ;the use of PNA bmdmg asa method to study the ontogenesis of T-cells and hematopocm:
- stcm-ocll u@’" Since germmal ccntm in mice (Paycrs patches) and man (tonstls)
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are also known to bind PNA’’¢*"" _ this lectin may also be a marker of immature B-ceils.

-

Activated T-cells may acquire PNA receptors ie. glycoprotein transformations may

occur in cytotoxic T-cell membranes, even though they are derived from PNA negative
%mocytes or nodal cells®”. This is a revetsiblc transformation asmms lose their
ability to bind PNA when they transform back from the enlarged cells to small sized
lyinﬁhocytes. This phenomenon is useful for the differentiation of variaus immature
T-cells, B-cells and activated T-cell populnﬁons. and provides valuable information on
cell-surface antigen expression during development and activaﬁon of lymphocytes®™.
Several lymphoblastoid lines of T or B cells also express PNA receptors. Burkitt's
lymphoma and several T-cell lines of leukemias ( blast cells of acnte lymphoblastic

leukemia, stem cell leukemia, and myeloid leukemia ) have been reported PNA positive’™.

Lymphocytes of most chronic lymphatic leukemias do not bind PNA*", while peripheral

a

‘ ~ lymphocytes of children.\ziith acute lymphoblastic leukemia were often positive*”. PNA

binding may indicate poorer prognosis in these cases®”’, altﬁough recent data disputes these
results, suggesting better prognosis with T-F positive leukemic cells**°.

The murine RI lymphoma cell line has been shown to blnd both PNA and anti-T
antibodies??¥343'33° This radiétion-induced RI lymphatic leukemiﬁ was initially isolated
from CBA(H-2) mice by Hewitt** and has been passaxed in mice in the ascites form or in v‘
cell/ culture by several m;les/ugators"’ 383 Zabel ef al.?****° have demonstrated strong
binding of PNA to RI cells in vitroas well as in subcutaneous solid tumours. The RI

{ , v

turnour is known to express the T-F ‘éntigen in unxnasked form and is valuabie as an

‘ »
amﬁnal tumour model f or ln vivo tumour uptake studies.
2.5.4.3 Platelets
PNA has been shown to bind to platelets after treatment with neuramtmdase"‘
The ’I' F-anngen is expressed-in a cryptic form ‘on these cells and mteracuon with PNA,
does not ‘occur thh untreated platelets Reducttve (alkalme borohydrate) treatment of

destalated platelet membranes has been shown to releuse the dtsacchande

4



52

BDGal(1-+3)GalNAc, consequently detected by means of gas chromatography?**.

1.5.5 PNA binding to tumour cells

As previously mentioned, the T-F antigen has been reported as an important
tumour -associated antigen, and has ‘.be‘en demonstrated in unmasked f orrﬁ in a variety of
animal and human tumour cell lines. Using both histological and cell culture techniques the

binding of PNA has been studied in detail in a variety of neoplasias.

2.5.5.1 Embryonal Carcinoma
Embryonal carcinoma (EC) cell are the stem cells of terat@rarcinoma and have
been studied as'models of mammalian embryogenesis®'*. Several cell surface antigens have

been identified on the membrane qf mouse EC cells and these exhibit similarities to the

antigens on the cells of embryos_Significant changes may occur in the arrangement (and

expression c?f these antigens during in vitro differentiation, and studies using PNA have
demonstrated changes in localization, distribution and relative: mobility of T-F antigen
sugar residues at various stages of developrnegt’”.
PNA has been found to bind to mhr{né EC cells and detect subpopulations
amongst multipotent EC cells***. Following in vitro differentiation these cells fail to bind
- PNA or express the‘gl‘yoproteins responsible for binding**". Isolation and biochemical
analysis of undiffe'rentiated'EC cell mémbrane glycoproteins has confirmed the pr'csence of

galactose and N-acetyl-D-galactosamine residues (presumably present ;é

BDGal(1-»3)GalNAc) on undifferentiated cells**™*.

2.5.5.2 Mammary Carcinomas . .
The T-F a.mi.g‘cn‘ex;;ressioﬁ has been extensively studied on various brc;st
" carcinomas and- has been found to be present in unmaskéd form in most malignant cell ,,./ -
~ types snidi‘ed. although not in corresponding normal or _be‘nigh breast tissue?si1é12any,

T-F antigen has been‘demonstrat'ed, in the cytoplasm and on the cell membrane in relative '

~

——

o

/
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large quantities in many breast neoplasms’*****, however PNA binding has also been
reported in some benign lesions*’'. Luminal duct and lobular mcmb}anes appear o stain
PNA positive, and intraluminal secretions in benign conditions have occasionally shown
T-F antigen expression®”. |

In normal breast parenchyma, PNA binding has been reported along the luminal
surface of the breast epithelium in the lobula as well as the ducts**'””?. Secretions found
within the ducts are known to be rich in free and cryptic T-F antigen receptors and the
intensity of PNA staining appears dependen‘t on the secretory state of the epithelium?’®*.

Milk fat globule membrane glycoproteins have been found to contain the appropriate

;stﬁézures for PNA interaction by independent chemical methods of aﬁalysis”’.

" The difference in PNA binding patterr;s in malignant conditions is thought to be
due to the cellular localization of immune responses to the T-F or T-F antigen-like
rcceptors and may reflect the aggressiveness of the tumour?**. .

In benign lesions, cryptic and free T-F. anngen has been demonstrated in Lhe ap:cal
region of epithelial cell membranes, particularly of the intraductal papillomas, as well as
the cytoplasm?**. Cysticallly enlarged ducts have shos;n a variety of staining patterns,

altﬁough they have gen'erally been reporied to be more strongly stained by PNA than

- . .~

normal parcnchyma”" _

Most ‘undif’ fcrenuated breast carcinomas have been shown not to possess either free
or cryptic T—F anugens. although shght PNA staining was reported in some
studits“"”"’i‘ ‘ Unsucc‘éésf ul attempts have been made to correlate the histoloéical grade
of mahgnant breast jexons such as adenocarcinoma, mfxltratmg lobular carcinoma, |
inf ﬂtraung ductal wcmoma and medullary carcinoma, to the PNA staxmng pattern
.observed”‘ I..xght mxcroscopa.l studies with peroxidase labelled PNA (“HRPO-PNA) have

demonstrated binding not only in the tumour oclls menuone;l above but aJso m parts of

!
o i

the stroma of these lesions®*.
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Attempts have also been made to determine the correlation between the expression
of PNA receptors and steroid receptors (oestrogen, progesterone, dihydrotestosterone and
cortisol) in animal tumour models**’. It has oeen reported that in the nrescncc of these
receptors in concentrations above 25 fmol/mg cell protein, 68% of primary tumours and
60% of metasases were PNA reactive’’*. Only 23% of primary lesions and 0% of secondaries
stained PNA positive in tumours with less than this concentration, or absence of steroid
receptors. 45% of primary lgsion stained PNA positive in the presence of ob]strogen
receptors alone (25% in secondaries), while in ovarectomized animals PNA was not se¢ni to
bind to any cells. The administration of 178-oestradiol resulted in the re-expression of
both cryptic.and free PNA receptors, thus indicating an 'iméortant correlation between

-oestrogen rec;:ptor positive and PNA positive lesions***. These findings have been verified
yy studies which have demonstrated the abolition of PNA receptors in hormone receptor
positive tissue with the administraiion of Tamoxifen ( an oestrogen antagonist )***.
Furthermore, an 85% response to hormone therapy has been reported in PNA positive -
lesions, whilo a 24% response was noted in PNA negative lesions. It has been suggested that
_the synthesis-of large quantities of PNA receptors may indicate neoplastic transf ormati‘ons
occuring f° roxn a functionally un;iiifferenniatcd state, with high nrolifcrative activity, to a p
highly differentiated state with inhibition of mitotic activity, reseinbling, more closely, thek
lactating mammary gland. It appears that PNA Abinding studies may be useful in
-distinguishing hormone-sensitive f1 rosn non-sensitive lesions in fixed tissue sections of both
pnmary and metastatic’ breast lesiong??*3%%,. |

| Thc strong bmdmg of PNA to the spontaneous munnc mammary adcnocarcmoma
TA, -Ha of strain A mice has been reported by several mvcsngators”’ 1040397 Thxs tumour
) lme appears useful for the study’ of ’1‘ F antigen cxprcssxon both in in vitro and in vivo, and .
" has becn shown to release a high molocular wexght (50.0.000 daltons) glycoprotem |
composed largely of N- acctyl galactosamme galactose sxahc acid, serine and threomne

N 4

known as cpxglymmn (glyooprotcm I)”"‘“ Ep:glydlmn has been reported to contain the
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immunodctcrminanr)structurcs of the T-F and NM antigens, is carcinoma-associated, and
binds PNA avidly“*"*. The intact cells are passaged in ascites but are capable of growing
sub-cutanedusly (s.c.)**". In addition, they rendily metastasize to otherv organs, and
metastatic variants, which selectively metastasize to either lung or liver, have been
isolated*®*. These variants retain their T-F antigen expression, and are valuable models for
in vivo studies with PNA or monoclonal antibodies against T-F antigen*®.

The TA,-St subline is a spontaneous variant of TA,-Ha which, unlike the original
ccll-linc‘. does not secrete epiglycanin‘®*“®’, TA,-St is only lethal in hhe synergistic strain A
mice (the strain of origin) whereas TA,;Ha is capable of growing in allogenic and even
some xenogenic hosts*!?-412, PNA binding to these tumour lines in vivo has been : .

demonstrated and will be discussed in { nrther detail later.

a5

2.5.5.3 Carcinomas of the G.1.T.

. Variability in PNA binding pafterns to normal mucosal surface of the
gastrointestinal tract has been demonstrated using histological techniques*!*-*!*. The
isthmus cells of the gastric mucosa and epxthehal cells of intestinal mucosa are known to
strongly bind PNA. Free T- F receptors appear in the region of the golgi body of intestinal
cpithelial cells and are presumed to be a_ result of giycoprotein synthesis in this region*'®.
The cells of the cardiac, antral (gastric mucosa) and Brunner gla;ds (intestinal‘ mucosa)
also show cytoplasmic, as wcll as golgi region stammg with PNA. The invaginated
‘membranw of parietal cells havc been reported to weakly bind PNA, while cmef cells are
known to exhibit strong interaction*!*-41%, Goblqt cells of the small intestine cxhlbned PNA
‘ bmdmg. while the cormspondmg cells in the la{ge bowcl were not stained*!*. Surface .
mucous cells of the colon were devoid of free or cryptic PNA reccptors although some
PNA binding was demonstrated to the glandular epnthehal of the antral mucosa of
i stomach The body of the stomach bound PNA only after ncurammdase treatmcnt while

the remamder of thie normal colon ileum and stomach was rcpohed to be devmd of 'I' F

E antigen even in the crypuc form‘"

2
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Hyperplastic alterations of the gastric mucosa, resulting from malignant
transformations or inflammation, have been noted to result in an increase in PNA binding
in the mucous and isthmus cell golgi body and perinuclear regions**’. The extracellular
mucous ax;d the cell border of mucous cells in sections of gastric adenocarcinoma were
PNA positive without neuraminidase treatment, in contrast to normal tissue*!’.

The glycocalyx and cytoplasm- of apical portions of large bowel mrﬁpom hz;ve
also been noted to eipress free T-F antigen, whereas only the supranuclear portion of
normal cells bound PNA*!¢, ’An explan;u‘on for the increased T-F antigen expression in
these carcinomas has been proposed on the grounds of diminisheg glycotransferase levels in
malignant cells resulting in incomplete biosynthesis of MN blqod grc’mp glycoproteins on
mucosal cell surfaces*!**'”. As with breast maliénancies. the degree of differentiation of
rectosigmoid adenocarcidomas reflegted the PNA staining pattern. Less differentiated
lesions contained more cryptic antigens whereas highly differentiated tumours contained
more free antigen structures*!!. The aggressiveness of the tumour may also be related to
the altered sialation of these cellular me_mbr%n)e glycoproteins*!?.

Confirrnation of tl?i value of histological T-F anﬁgen sp_efif ic immunoperoxidésc
st:aining in colororectaf carcinoma and in abnormalities of mucosa has been recently
reported by Orntoft et al.”".' Tuhour cells, as well as enteric ganglia nerve cells, were
shown to bind PNA, presumably due to the presence of gangliosides (including GM,).
Although not true T-F antigen reccptors the ganghosxdes are known to contam

owbohydrate structures capable of acting as PNA binding substratcs These authors
further postulate that the heterogenelty of staining patterns in colon cancer cells may be a
rcsult of ganglioside content, shown to vary befwec\clonal 1solatcs from one malxgnantly |

transformed cell line by Murray waos . ™

2.5.5.4 Carcinomas of the bladder N

T-F antigen expression has been:reported in transig'm/;al cell carcinoma of the

\

bladder both in cryptic and free form. Cdon et al*** demonstrated thai T-F antigen was
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limited to the carcinoma, and not to normal tissue. Free T-F antiged_ determired by PNA
histological staining, was more prevalent in high-grade carcinomas, but was also present in
cryptic form in all grades of tumour. When present in unmasked form in low-grade
lesions, it was an indicator of poor prognosis®**. Further studies by the same investigators
haAvc confirmed T-F antigen and ABH blood group antigen expression as a prognostic

indicators of bladder carcinomas?**.

2.5.5.5 PNA binding in the skin .
PNA receptors have been identified in the granular, and prickle cell layer of human
skin in a free form, while the basal or horny layer does not appear to contain either free or
cryptic receptors*’'**? In squamous cell carcinoma, I;NA has been found to bind to
tumour cells according to the degree of keratinization*?!. The squamous component of
basal cell mfcixiomas has also been shown to bind PNA, whereas kcratocarc}norna does noi
aﬁpeax to express cryptic or free T-F antigen structures*?:.
2.5.6 PNA binding in the Kidney
Numerous investigators have reported ;he PNA binding characteristics in kidney
sections of many animals and humans usi‘ng HPRO, FITC, rhodamine and gold colloid labelied
PNAf”“". Light microsicopiéal studies on both paraffin f 1xed and frozen sectidns have been
reported**! and 6onsidcrablc species-species variation in the cellular binding has been
i . -
, noted*1**1s_ A summary of PNA binding patterns in kidney sections of various species is
contained in Table 2.5. \ o T
Schulte and Spicer*** studied the bindiné patterns of a variety of lectins, including |
PNA, labelled with HRPO, in paraffin sections of mouse and rat kidneys. They réported brush
border siaining of proi;im@ tubules, particularly in the S, region, as well as the luminal surface
* and apical cytoplasm of cortical collecting ducts in several strains of mice. The Bowman's
capsule was seen td bind HRPO-PNA while the remainder of céils_alox;g the nephron showed

variable staining. Activity was faint in the Loop of Henle, slighly more 'posiﬁve on the luminal
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surface of distal tubules, and stroné on both the luminal membrane and cytoplasm of collecting

»
LY

-

ducts.

The staining pattern for rats was similar, although more intense sidging ¥as seen in the
S, scémem of the proximal tubule and diminished along its length*****’. The apical nm of
luminal cells in the thick ascending limb of the Loop of Henle were PNA positive, continuing
from the medull\; to the junction of the cortical distal tubules and collecting ducts****?’. Some '
cytoplasmic staining was also noted, while the principal cells and, more oparticularly. the
intercalated cells of the collecting duct were shown to strongly bind PNA****?°, The glomerulus,
in contrast to that seen in mice, wes completgly negative, however upon neuraminidase
treatment, intense stainixig was demonstrated*?***°. The presence of cryptic T-F antigen in the
epithelial plasmalemmela of the rat glomerulus is a highly debated point at present. Early
Teportstises¢ had suggested that the disaccharide BDGal(1+3)GalNAc was an important
constituent of poedocalyxin, the major sialoglycoprotein of epithelial membranes in the rat
glomerulus. After neuraminidase treatment this glycoprotein was reported to bind PNA. Recent

" biochemical analysis revealled that, although podocalyxin was rich in the sugars mannose,
N-aoetylglucosamine, galactose and sialic acid, it was completely devoid of
N-acety‘lgalaetosamine. the penultimate sugar of T-F antigen*’’. ‘l'hesei f inding rzlise questions
a$ lo what cryptic glycoprotein is responsible f or‘yPNA binding in desialated glomeruli.

Le Hir et al. reported t:he binding of PNA to cryostat sections of rabbit kidneys**, as
well as in perfused isolated eclrtiml collecting ducts***, ‘!'hgcort‘ical staining was confined to the
collecting duct and connecling tubnle in fixed sections*’*, while only intercalated eell staining

. was demonstrate¢ in the lumen of perfused collecting ducts***. The mtercalated cells of the
outer smpe of the medullahwere PNA positive, wlnle cells in Lhe thin descendmg Loop of Henle
\ in the i inner medulla demonstrated fight staining™'. o
In sectmns of normal human hdney, PNA bmdmg has becn reponed in the Bowman s

°

eapsule of the glomerulus the thm hmbs distal convoluted tubules and to collectmg

o . hand

, ductﬁ‘”"" The proxml tubules were not stained in any studies even after neuramlmdase

e



diseases of the kidney**:.

N

treatment. The treatment of sections with neuraminidase revcaied the presence af cryptic
receptors in the Bowman's capsule of humans***, similar 1o those seen in rat glomeruli. Intense )
g]omerular staining has also been noted to occur in hemolytic-uremic syndiorhe of children,
where the neuraminidase from pneumococcal infections is thought to expose cryptic T-F |
antigen structures*”**°_ -

’ Diverse PNA staining patterns have been reported in cases of hypemephroma where
both cytoplasmic as weli as membrane-bound PNA receptors have been identified**'-**>. The
intensity of stainimg has been reported to be a function of the differe®ation state of the
tumour**?, although this appears sir;xplistic"’. It is thought that renal ceil carcinomas are
dcri'ved from epithetlial ceils of the proximal convoiuted tubule***, cells which are known ot to
express"'even crypticT-F antigen*****>. PNA binding \has been attributed to malignant

m}nsf ormations resulting in the synihesis of altered membrane glycocon jug@ alg@ugh PNA
binding wov.;ld also be explained if the renal cell carcinoma were derived f rém other than
prdximal tubular epithelium**¥*4’.

These studies further highlight the usefulness of lectin-binding r;i;tologica} ;echniques
in the identif’ icatioﬁ of élycoprotcin and amfgwx expression on various cell lines, and
demonstrate thé strain -strain heterogeneity,of membrane glycoproteins in the kidney. The o
delineation of lﬁaligrxanl from normal reactivity in renal cell carcinoma may provide
information as to the glycoprotein transformatiohs occuﬁng in neoplastic conditions of the

kidney. A recent report also indicates that lectin-binding studies, including PNA, may be

valuable in the identification of blood cell infiltration of human glomeruli in immunoiogical

o

2.5.7 In-vivo Studies with PNA.
Zabel el al. Tl were thc first to report on the use of PNA for the in vivo study of

T-F anugcn expressing neoplasms in mice. Using '**I labelled PNA (**[-PNA), they

) dcmonstrated the avid tumour uptake of this lectin by RI lymphoma cells transplanted into



61

o .

CBA/CAJ mice using gamma scintigraphy. /n vitro studies of .”’I-PNA and fluorescein labelled
PNA confirmed uie specific binding of PNA to this tumour line, and this was reversibly
inhibited with the .c‘oncommittam.incubation with 0.1 M galactose. The subcutaneous (s.c.)
innoculation of mice with RI tumour cells and the subsequent i.v. injection of ***I-PNA
resulted in tum'our uptake of **I-PNA (tumour/blood ratio 7.5:1 at 72 h P.1.). Rapid
deiodination of **I-PNA was noted and resulted in significant uptake of free iodide in the
thyroid, stomach, and also contributed to the lowcring of the circulating blood levels.

Further studies by Shysh et al.*** showed a more striking tumour uptake with
subcutancous (s.c.) TA,-Ha tumour cells in AJ strain mice. Biodistribution was also reported .
in mice with TA,-Ha in the ascites form. Differences were reported between the whole-body
retention of '#I-PNA in animals with ascites or s.c. tumour. In solid form, the blood clearance
of '*)I-PNA was rapid and resuited in tumour/blood ratios of 70-85:1at 72h P L. Rapid in
vivo deiodination of '**I-PNA was again noted resulting in thyroid, salivary and storhach
retention. High kidney uptake of the radiopharmaceutical was noted, particularly at early times
P.1., which could not be explained as a result of free iodide alone.

' These authors also reported the results of acute to:ucxty studies in mice. Following i.v.

}gqcuon of between 50-3,600 ug of PNA, wexght gain was noted to be 1dentxcal to control

%&ﬂs. Histological examination of mouse.organs did not reveal any abnormalities at the light

o

-

n;icroscopal level. —_

The in vivo retention of '*I-PNA binding has subs?quently been reported by the same
authors in liver and lung metastanc var\m\nts of the TA;-Ha tumour cell line*®®, |
Autoradxography with **I-PNA and fluorescent IicTOSCOpY thh FITC-PNA conf umed the

active uptake of PNA in both lung and liver metastatic nodules, indicating that T-F antigen

~ expression is maintained during metastasis. Clear delineation of the metastatic tumours in both

the lungs and liver were also documented with scintigraphy after i.v. injection of ***I-PNA.
Yokoyama et al.**” have reported the uptake of “’I-PN_A in tumour models Lewis lung
-carcinoma (LLC), B-16 melanotic melanoma (MM), Yoshida sarfoma (YS), and the Ehrlich

'




ascites tumour (EAT) in comparison to *’Ga-citrate. They found superior delineation of LLC
and EAT by ***I-PNA scintigraphy, similar '**I-PNA and *’Ga-citrate uptake in YS and MM,
while HAHwdid not appear to accumulate ***I-PNA. The specificity of tumv%r BI-PNA
uptake was reported higher than *’Ga-citrate due to the lack of accumulam;n in abscesses, in
contrast to *’Ga. ' <

The in vivo use of **I-PNA in humans was first reg_orted by Suresh et al**' and /

subsequently by Holt er af.*’. Eight patients with metastatit cancer of the colgn, lung, or

breast were injected with 37-93 MBq (17-88 ug) '*!I-PNA. Serum radiodclvity up to 48 h P.L.
was monitpred and demonstrated rapid elimination of ”.‘.I-PNA. predominantly by the kidneys. . .
Urine analysis revealed 82.5 1+ 5.3% of the aéu’vity was e&creted in the urine within 24 h P.1.
The urinary activity appeared W be associated with proteiri (was precipitated wi;h 10%
trichloroacetic acid) while a-GM, synsorb binding and gel- coll@ chromatography indicated
significant levels of mtact unmunoreacnve 1311-PNA in the urine.

Scintigraphic localization of ”‘I-PNA was documented in only two out of eight
‘patients’ with known- metastatic lesions (oge p_ulm;mary secondary deposit from a breast
primary, one hepati¢ secongary from cz;ncci b‘lf the colon )\ as well as malignant pleural.
effusions in a further two patie'nts..'_l'hc remaining patients studied showed false negative
scintigrams of niultiple kncwn metastatic site;“’. In all cases, the most prevalent ofgan to show
IM[-PNA uptake was the ﬁMey. The mechanism of the renal excretion of PNA is the topic of .

further work in this thesis.
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" 3.1 MATERIALS AND METHODS. 3 4
3.1.1Protein solutigns. . * : . = v
3111 Peanut lectin. T )

Peanut 1 un (PNA) was obtafhed asa lyophlhzed powder Sugar and salt free
from (_Zhembxomed. Edmonton; /}lbena. The powdexj was weggped and dissolved in 0.01 M
: phosphate ouffered saline {PBS) {Gibco Labgratojicsk, Grand Isla‘d, NY.) at |

concentrations between 1-5 mg/mL. Solutions, when not in use, were stored at 4°C and

| used within 30 days of reconstitution. \ . b
3112 Bovie Serum Qibumx;l and Human Se;u;n Albumm o T .
ngh grade B:vxne setum albumm ( BSA)O,and Hm‘haa serum albumm (t{SA) were !
purchased from ngma éhexmcal Co St Loms MO as"cryﬁtalhne powders. They were . i
dnsso;gved in 0 01 M PBS at concentra;;xons between j)' 1-55:1;%/mL D '
AR 2 1 1 lksxalo GM, HS’A R 03{09 S L "
’ ,“ Asxalo-GM,-HSA (a GM, §SA) wasgfnthesnzed by DrS Selvaraj Faculty pf »_'. -\
Phamlacy and Pharmaceuhcal Scxencés Umver:pty, of ‘Alb@ls;fa as recently descnbed"° N
_ _‘ . The analogue wah 4dxsacchande umts/HSA molegﬂle was used throughout the L  ‘ '-‘_*.-\'-
' expenmental mvmuganons at concentrat:pns of 1- 5 fng/mL in 0. 0L M PBS | - o
w R L e e e
. '3iznadiotodmﬂon. |

f’Nli HSA and a GMl HSA yere 1od1nated th.h mI or wI by a modxfxed 1odogen
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was dispensed into clean 3 mL glass Falcono tubes (Becton-Dickinson, Mississauga. Ont.) and

the solvent evaporated with a stream of N, gas passed through a sterile 0.22 um Millex-SAe
filter (Millipore Corp., Bedford, MA.). When dry, the protem to be lodmated was added to the

© _tubeina volume of 100-200 4L 0.01 M PBS. Radrorodmauon-gradc Na'¥ or Na'*’ solution

~of high specrflc activity (5, 000 6,000 MBg/mL, A.E.C.L., Ottawa, Ont.) in 0.1 M NaOH

solution was buffered with 20 ul. 0.5 M Phosphate buffer (pH 7.4y and the appropriate

activity (40,-300 MBq) was added to the reaction tube. The solution was allowed to ln{ubat: at

" room temperature for 30-45 min and the reaction stopped by removing the solution to ‘aflean

glass tube. Twenty mrcrohtres of freshly prepared carrier 1.0 M Nal solution, in

dejonized- drstllled waler, was subsequcntlyradded to the reaction mixture and allowed to stand
' for 15 min. The activity of the tube was calibrated in a Picker dose calibrator usmg the

. appropriate isotope settin’gjs.

A

J

.3 1 3 Chromatographrc Separanon of Iodinated Protem e |
. The radrorodmated protem was separated fronr 'f ree' radloxodxde by gel- column ’
' chromatography Blogel P6- DG desalting gel with an exclusron l;xmt of 6 000 daltons (Bro rad
W Laboratones thhmond CA. ) was swollen for at least 24.hi m 0 01 M PBS and packed into’

1.5 x 25¢m glass columns by gravrty The cqumns were wasl(tecl wrth 0 5 mL of l% w/v HSA or }';

8.

» BSA to reduce non- specxf ic bmdmg to the medra and f urther washed with up to 50mL 0 01 M

PBS, / o - | . ’ ;é'- “\ v ‘1 :-:A:g‘. . ,c’ A ,‘.

e -

| The reactxon mrxture was’ added 10 the column and eluted into the gel with 0. 01 M:"_"‘“ 3

PBS The columns wer\e run usmg O 01 M PBS as eluent and 0.5 mL f racuons collected xnto g | . ‘.

-

clean glass Falcono tubes 'I'he tu’bes were counted inthe xsotQpe dose callbrator and the
bmdmg effrcrency oalculatéd by comparmg the acuvrty of the pooled vond volume fmcuons




65

3.1.4 Quality Control. ‘n_

3.1.4.1 Estimation of Protein Concentration.

The protein content of the iodinated material was measured by two methods. For

PNA, protein estimation was initially made using u.v. s@ectroscopy, and calculation.of
‘ concentratiou was made using the optical density of PNA at-280 nm. An absorbance
coef{icierit of E ; an =96 was/’used to convert absoi dance to ,conccnt_ration”’_'.

In later studies the protein concentrmn Was estimated by‘the Bio-rade protein
assay**:. This assay is also a spectrophotometric technique based on the absorbance of
Coomassie Brilliant Blue G-250 at 595 nm when bound to protein?**. Standard-curves of
PNA concentraLiQn (20 ugZ mg/mlL) were’plotted. -using th'e standard assay procedure

*and the microassay prowdure,“ giving OD;,,/concentration blots for PNA. Both curves
‘were compared t0 those determined f or_is,mnddrd orotein (boeine gamnta globulin)"’.
The.% protetn re$:overy from gel-column chromatography (BlOgel P6 DG 1.5x25

cm columns) was determmed fof a standard sample (100 ug) of PNA usmg the Bto rade

k] .

protein assay. This flgure was used asa correctton factor for subseguent chromatographlc

vb._

protem, ‘IbCOVCX'Y esumauons .

. 3. 1 4 2 T nchloroacettc Acxd Precxpttauon B
Thc % protexn bound radxoactmty uas determined. by tnchloroacetxc acid (TCA)
. precxpttatiou" Ahquots of the todmated protem solutxons were dtluted with 1 mL of l%
: ',’BSA in PBS at 4'C followed by 1 mL of 25% TCA at 4-C ‘Fhe dena{ured ptotem mixture
was myerted several umcs and allowed to stand m a ref ngerator at 4'C for 15 min. The -
‘ mtxture was thcn eenmﬁused at. 1000 x G for 10 mm the supernatant removed by Pasteur ’
b B pxpette and both the supematant and precxpttate counted m a 7 spectrometer pea.ked for
_ the appropnate 1sot0pe The % protem bound actmty was ca.lculated as. the counts in the

, "‘,"j?peuet/totalactmtyot’thetwofra&uens 'g S _' S

R e PR . ) - ' A

e
N
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3.1.4.3 Instant Thin Layer Chromatography (ITLC).
Ten to twenty midrolitre aliquots were spotted onto ITLC-SG media (Geiman, ’
Ann Arbour, ML), alldwed to air dry, and developed in'85% methanol to a distance of
10-15 cm. The strips were cut into 1 cm segments and counted in a y-spectrometer
. calibrated for the apptopnate isotope. The counts remaining at the origin (repxesenung
protein- bog.nd activity) divided by the total counts of all segments was used to calculatc .

the % protein-bound activity. p

3.1.4.4 Carbohydrate- Binding Specificity of Todinated PNA.

The immunoabsorbants T-synsorb ahd asialo-GM, -syhsorb were kindly provided
hy Chembiomed, Edmomon. Alberta. These products consist of the djsaccharides
B-D-Gal-(l-»3)-d-GalI*iAc (T-sorh) or B-D-Gal-(1-»3)- B-GalNAc {a-GM, -sorb)
covalently linked« to an imrhobilized support?*?, ~
Twenty mﬂhg?ams of” either syhserh‘ were placed in an i-:ppendorf ® mini centrifuge

tube and mixed with 1: mL 1% BSA in' PBS b)} an inversion mixer. After l,h the sqlution

was aspirated and the sorbs washed x'3 with PBS. An ahquor. of wdmated PNA o

(approxxmately 1 ug) made up to lmL thh PBS, was added to the tube aud a 20 uL

ahquot removed (t 0) ’I'he..tuhe was conunuously mlxed on the mversxon rmxer and .

 further 50 ul ahqtiots removed at various umes up to 24 h, These were counted m a -’

y-spectrometer and conIpared 40 the -acuvny at 1—0' Followmg theu use, the synsorbs :
‘ were washed thh IM D galactose for 24 h, washed X 3 thh PBS and dxa.lyzed agamst

: several fxcsh PBS washes The synsorbs were then sultable for reuse m subsequem PNA

_Jblndmg determmauons . o S G
3.1.5 -PNA for Human Administration.’
> Lo s :' A :

-t
N . . N

£



3.1.5.1 Sterile Production of ”‘I-PNA.

PNA, which was purified from peanuts by affinity chromatography under sterile

" conditions, was purchased from Chembiomed, Edmonton, Alberta. A sample of this

matel‘ial was reconstituted with sten;le PBS and was tested for sterility {USP XIX sterility
test), and pﬁogens (USP XIX rabbit pyrogen test, B.C. Pyrogen Testirlg Laboratory,
Vancouver, B.C.). The starting material was found to conform to monograms for i.v.
administration.

Sterile ioclination of PNA was performed hy the iodogeg method, as previously
described, but uo(ler aéeptl‘c conditions. All reagents used in the iodination, with the
exception of Lhe'Na”"l for iodination were prepared from sterile reagents, o: were
autoclaved (Barnstead Laboratory Stenhzzr) at 121°C for 45 min an&bjected to stenl:ty

testing (US'P +XIX) and Limulus Amocbocyte Lysate (LAL) pyrogen tesung (MA

Bioproducts Ltd, Wall;ersfxeld, MD.) prior to their use in sterile labellmg. All glassware

-

- (chromatography colurnns, reaction tubes, and collection tubes) was autoclaved prior to

use.l . o

: The reaclion was perfor;ned m a vertical l&mina“r flow cabinel (Canadxan éabinets '
Ltd Ottawa Ont.) and the solutions were transfered using Stenle plpette txps and” asepnc
techmques The chromatographxc separauon of 1. PNA from - was acmeved as
prevzously descnbed however usxng Bnogel P6 DG whxch had becn autoclaved at 121°C for

-

i' 45 mm and packed in steam stenllzed glass columns by asepue techmque in the laxmnar ¢ '

— ,

ﬂow cabmet Thc voxd volume was' collected u{to plam stenle glass tubes (B D

: Missxssauga. Ont ) The mI PNA fracuou was made up to the appropnate specxf ic actmty e |
y ”and was termmally filter mtozstenle 10 mL vxals through a 0. 22 um Mxllex GVe stenle
fllter (Mxllipore Corp. Bedford MA D whlch— was bubble tested after use, to ensiire 1ts

e . . ¢
Y

N T Tt
Yoo ’ .
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3 1.5.2 Sterility Testing.
One milliliter of the filtered **'I-PNA solution was added to 50 mL thioglycollate
biood broth (Microbiology "Dept. University of Alberta) using aseptic technique. The
medium was incubated at 37°C, and a duplicate at 4C, for 14 days. The medium was’
inspected for turbidity, and 1f present, the solunon was subcultured on blood agaft. platcs. »
and Lbe pathogens identif: wd by standard techniques. o :

LI

3.1.5.3 Pyrogen Testing.

Initial retrospective pyrogen testing was determined by the USP rabbit pyrogc}x test

~
-

(B.C. Pyrogen Tesung Laboratory Vancouver, B.C.). A o

On-line pyrogen testing was detenmned onall batches of ‘"I PNA prepated for

human studies by the LAL pyrogen test. One hundred mxcrohues. of rih_e 13]-PNA solution

were added to each LAL tube, as well as 1o positive control tubes (containing LAL +

: ) @ e |
rteference endotoxin). A negative control was also run using 100 xL of sterile salipe as the

" test material. The reconstitutg$ LAL tubes were thien incubated in a non-aggitating watere

bath at 37°C for 60 min. The tubes were caref uﬁyv removed from the water bath and

- inverted 180". Each tube was observed for gelation, and were judged neg,au’\;e if no gel was

_ observed after incubation. A positive reaction was noted if the tube contained a solid-gel on

-

mversmn N L | . )
Further quahty control was determmed on each batch of ”‘I PNA (TCA :

precxpxtanon asialo- GMpsynsorb bmdmg) as prcvxously descnbed o

. 32ANIMALSTODIES. .., . e
'* 3.2.1'¥1-PNA Biodistribution Studies in Mice. - . .. - Ty

bl I
. B

e
AN
14

s
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. stausttl:ally compared-among specles (studentst ta&t)

o were sacnﬁwd at. 30 rmn 6 24 and 48rh P I Thc organs were drssected wetghed and
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3.2.1.1 Dose-Response in _CBA/CAJ Mice.
‘ - . { .
The biodistribution -of various doses (0.1—100 ug) of '*I-PNA was determined in

normal CBA/CAJ strain mice. Six to eight week oid mice (body weight 18-22 g) were

’ purchased from the Small Ammal Program, University of Alberta, and housed .in groups

: of 5-6 per cage. They were mamtamed on standard laboratory food (Waynes Lab-Blox,

Chicago IL.) and tap water ad libitum.

| Groups of six, weight and sex matched mice were injected i.v. (tatl vein) with
0.13, 1.3, 10, 13 50, at 100 18 '*I-PNA. At 30 min P.I., the ‘animals were exsangumated
by dry CO,/cardrac puncture, the organs of interest were excrsed in their enttrety, blotted,

and weighed in tared plastic coun'ting tubes {Amersham Sectrao vials). The remaining

ﬁcarcass tail (mJectton site), and a portion of trachea containing the thyrord were also -

placed (unweighed) tn “vials. 'I’he vials were counted i an automated Y- spectrometer i

(Beclr.man 1 8000), along with dﬂuted standards of the mJected matenal and background

vials usmg the coinmdence method for absolute detcnmnauon of “’I A

'. The pcrcentage of radtoact.tvrty _per organ or pef gram of ussue was calculated
’ A Lo 1 v

f rom absolute counts usmg a computer btodrstrtbuuon program ' e

321 '2'-”"I-P'NA 'giédi‘smbution in AL, &5, 'cr;A/CAJ and CAFL/J Strain Mice.

The effect of strain dtf ference on"I-PNA renal uptake was assessed i in f our
1T

) vdifgerent stra:}ns (AJ c57b CBA/CAJ and CAFI/J ) of mrce’ Fonr groups (N=6) of sex
- f'and' wetght matched mtce per stram were mjected i. v thh 1 ug/lOO kBq “’I PNA and

5 'counted as above and the % mJected dose in both’ hdneys detertmned Results were

Ay

e

,-3 2 1 3 Effect of MulupleDospaof PNA on the Bnodxsmon of mI PNAm CBA/CAJ

e

e
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Five groups (N=6) of CBA/CAJ mice were used to ascertain the ef fect of
previous e;posure to PNA on the biodistribution of **’I-PNA. |
Group 1 Each mouse was injected i.v. with 1 ug PNA one week prior to
biodistrib};tion strrdie's with 1 ug '**I-PNA. The animals were sacrificed
241 P.1. and the organs counted as previously described.
G;orgz' . Each mouse was injected with two.i.v. doses of PNA (1 ug)at one week
A intervals followed by '**I-PNA a week later. The animals were sacrificed

at 24 h P.1. and organs counted as above.

Group 3 Each rnou.se was injected with three i.v. doses of PNA é; ug) at one
! R A week intervals, followed by 151PNA a week later. Twenty four hour
. | biod_i;m'bution was determined as above. K
' 'f_.?r_o_lr_p_ﬂ“ Each mouse was injected with three s.C. dc;ses of l’NA (1 ug) mixedvl:l .

v/v with Freund's Cbrrlplete Adjuvant (Calbiochem-Behring, La Jolla, .
CA.), followed by x5\’.I-I’NA a week later. Twenty four hour '

biodistr‘ib'ution was determined as above.

PO

Group - Control mxce recerved only. “’I PNA ‘;_ - ’i

. ’ ) The brodrstnbutron results of eaqh group were stausncally compared usmg Analysrs.of

T _ Va.nance (ANOVA)
$ J.., e ) . - '.": » ) ‘
3.2.2 Dynamlc "‘I-BNA Repal Scirrtig‘r.aph-y in NZW Kabbits.

R
221Normals

b .

Dynamrc gamma tamera scmusraphrc ’studres were acqmred in f our male NZW
rabbtts (body werght 1 5. 1 9 kg) puxchased from the Surgml and Medrcal Research |
, Instrtute (SMRI) Umversrty of Alberta Each ammal was anawthetrzed vmh an 1 m
- mJectlon of 50 mg/kg Ketamme (Rogar/S’l'B Montréal Qué ) and- 10 mg/kg Xylaunc .A
: ‘(Cutter Laboratonee, Mrssrssauga, Ont ) and placed supme to a gamma' mmera (Searle

"~g:.vﬂ__.>5'~:Pho GammaIV) mthpa.tallel hole lnzh-energy eolhmat.or"mterfaeed'.toz el S

‘a
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computcr(ADAC,CAM [1). The camera was calibrated to the 365 keV gamma-peak (20%

window) with a standard of 'L The injection syringe containing approximately 18 MBq

.

131.PNA was imaged_(100,000 counts) and stored on floppy disc (128 x 128 matrix) prior

to the animal studies.
TSynamic data (0.5 min frames for 60 min, 64 x 64 matrix) was acquired and .
stored on disc after i.v. injection of **!I-PNA (18 MBq/lOO ug) via the lateral ear vein. At

60 min P.I., static images (128 x 128 matrix, 100,000 counts) were acquired on disc, as
Y : '

well as a residual of the injection syringe.
The dynamic studies‘ were reconstructed on the computer, and regions of interest

(ROIs) were drawn w;ith a Iiéht pen around the heart, kidneys, and bladder, togetherf with

)

a backgrotrnd region distal to the left kidney. Background-corrected (matrix normalized)’
actxvrty/ume curves of the bdneys, heart pool and bladder were piotted on the computer
and corrected to injected dose using the 60 min static’ rmage regton counts and the i m jectiQn

standard (mmus the residual dosc) % djected dose- at peak and%me -to-Peak esumates

of each kidneyy were determined from the dynamxc actx\nty/ttme curve. :

A P
fs -
v
;

©3222 COmparanve Studies.

Dynaxmc studtes were obtamed as outlined above m. groups of tWO rabbits treated

.

with the following agents: o o -

‘a- GM, disaccharids - - . - &

, The asmlo GMl dxsacchande (B D~ Gal (1-»3) ﬁ GalNAc) was mcubated wrth
- “’I PNA (1 1 molar radlo) for 30 mm at 20°C, then mjected iv. mtO two NZW

rabbrts Dynamrcftenz} ciifves and parameters were calculated as above and results .

| B stansnmlly compared to contro} ammals injected with *1- PNA (ANOVA)
o ’ . N v

One hotrr pnor to the dynam?& study. mch rabbrt was mJected Lp. thh 1 mg/kg

Furosemrde (Hoechst Montréal Qué ). The renal parameters detemﬁ above o
werestattsueally eomparedusmgANOVA analysxs S IR | -

EEN . Tt D e T T " .'-ﬂ‘? R UL ST PR

-



Probenecid ) ’ . s ' ¢ &

o

One hour prxor to the dynamic study, gach rabbit was mjectcd i p thh 10 mg/kg

Probenecrd (M S D. West pornt PA. ), and rcsults stausncally compared )

-

(ANOVA.) LO the,comrollanﬁnals. ‘ oo
Polyclonal rabbit anti-PNA IgG FS ? o ' . _‘ E ', -
One hour pnor to the dynarmc study each ammal was xmectcd iv. wnh 120 ug : -

~ polyclonal rabbit ant»PNA IgG anubody (Sngma Chcrhxcal Co.. St Louis, MO ).
Additional ROIs were obtained over thc, liver. ;nd ahe % in Jected dose- -at- peak

time- to peak and kidney/liver ratio compared to conuols
®

E'piglycamn . ’*» _ R -
prglymmn was kindly provrded by Dr Longenecker Dept of lmmunology o @ :

University of Alberta. One hour prlor to&he dynamrc study each animal was.
m]ected i.v. with 160->ug eprglymmn Liver and krdncy dynamlc parameters Werc -
L '

compared: to controls, as. pgevrously dwcrxbed L - ik
9 A

- : :
] . A

4

3.2.3 Studies with asialoGM,SK. o

a

- - - .. . ./.

The glycosylated HSA analogue asxalo GM, (a GMl HSAb) was sym.hesxzed in our ‘ .

, umt as reoently descnbed‘” and was used for compeuuon exptmmeu{s wnh B PNA m
w

NZW rabblts The analogue with 4 drsacchande umts/HSA molecule was mcubated fonl’o() mm ‘
at 20°C with - PNA (100 u8) at molar ratios of 4: 1 2 1 1 1 and1:% ey —_—
" a-GM,-HSA: ”’I BNA: then mjected iv. ‘into group% of two NZW rabbxts Usmg the samc R

¢ dynamrc unagmg protocol, thc % mjected dosg in lrver ludncys and bladder (30 and 60 min - ‘ ‘ 0

P 1. ) was calculated for each treatment group as. prcvrously destnbed Results wcre smnstxcally “ ' 3 i
compared (ANOVA) to both 1. PNA and’ uu labellea a- GM HSA ("‘I a-GM; HSA) SRR
controls Kidney/liver ratios were also calculated from the ROIs at 30 and 60 min P I These RO
were averaged and stausucally compared between groups usmngOVA MR " - ;:_-“ ‘& ; ‘;:""?

.ﬁv
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- 3. 2 3 1 mI PNA ‘”l -as GM,,HSA ondrstnbuuon Stuches in TA,-Ha Tumour- Bearing

o

CBA/CAJ and CAFI/J che .'," C L

- e

TA,- Ha tumour cells were‘kmd]y provxded by D? Longcnecker Dep[ of

Y“Immunologg U'mversxty of Alberta These cells were grown from frozen stocks in RPMI
- 1640 modxa comammg fetal calf &cmm (Gibeo) and mcubated at 3TC in 4-5%/CO,. Thage

| tells wete subculmmd evcry 2-3 days. unul a sufﬁcxcm number were present f or 7,

)]

,f'mnoculauon Thc cell numbers wcrcdctermmod by asepucad}y removmg an aliquot of the

<

'suspcnsx)on placuag xtaon 3 hemocytomcter and countmg under ISOx magnification with a

LI

‘ rmcroscopc Cell vxabxhxy was detcrrmned qy addmg a drop of trypan blue to the,

hcmocytomctcr shde and obscmpg cell staming The ccn culture was diluted to 107
cells/ml..wrr,h f resh RPMI medra pre- heated to. 3TC in a water bath '
Ome hundred mlcrohtresUO‘ cells’ were asepucally removod ifito tuberculin

synnges and mjectod by subpanmcular chcgon in.a latero- dorsal site just above the rear
- legs of‘ CAFI/J»or CBA/CAJ mxcc, The tumours were allowed. to grow for 10 14 days

- post- mnoculauon or until pa.lpable les:ons of approxrmate!y 0. 5 cm diameter were present.

PNA 'w«as 1odmatod w:th mI and a-GM, thh 125 by the iodogen method. Control

e bxodrsmbuuon sryﬁxcs were performed with "‘I PNA as well as 129 -a»GM; * ‘HSA in’

: TA, Ha tumour beanng mroe and dual lSOtOpe blodxstnbuuons were perfomed with

mrxtm of “‘I PNA “’I-a GM, HSA at mola: rauos of 4: 1 1:2and 1:4. Usmg a

aﬁl Eétopc splnovcr correctxon program on the gamma counter,- tho % In ,cctod

dose/gram of tis‘sue was detcrmmed for both the 191 PNA and '“’I -a- GM, HSA at 3
vanoust&m&s (Wmm 48 h) P I. and at the various molar conoenuauons Results for cach

.wotopc V(cre stqusucally compared (students t- test) to the oorrcspondmg controls

Furthe control bxodxstnbuuon studies were formed with 11- HSA i inl CAFL/J

aﬂ mI PNA in- CBA/CAJ mrce wrth TA, Ha urs b'y the standard method

et
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3..2.4’D'y_ pic and Static *>'I-PNA Scintigraphy'in Dogs. \
A // : si‘ normal mohgrel male dogs (17-21 E'g‘; were purchased from SMRI. an(.1
ahacstheuzed wnh sodium- pcntabarbnonc 20 mg/kg i.v.(Somnotole, M.T.C., Hamilton, Ont )
. A 19 gauge teﬂon angiocath ( Dcserct Medical Inc. Sandy UT.) was inserted into a lcg vein -
(either for_e or hind limb), and a 3-way stopcock (B-D, Ruthcrforgl, NJ.) attached. The
catheter patency was mamta.med by‘occzsionaily‘ flushing with heparinized saline (1000 u/mL),
_and .Lhis\ venous access Qsed‘for the dréwing of blood samples. The animals were kept hydrated
by the infusion of nom';al’!aline (100 mL/h) through an i.v. giving set (Travenol, M(ississa—uga,
: v N
Ont.) during anaesthesia. = ‘

The bladder was catheterized with a sterile neonatal feeding tube (Medi-craft Lid.,

’

Malton, Ont.) and used for the withdrawal of urine contents, while the dogs were

, - I
anaesthetized. The dogs were placed sypine on an imaging table and the gamma-camera,

calibrated f ?r 1y poéit.ioned anteriorly over the kidneys ard bladder. Each dog was injected
i.v. with 200 ug mI -PNA (25 -35 MBq) which had prcvxously beert staueally unaged and

" stored (100 000 counts, 128 x 128 matrix). Dynamxc computcr f rames wete ‘acquired at 0.5 min
R 4 - oot

‘ mtervals {64 x 64 mamx) for 60 mm and stond on floppy[dxsc A stath xmagc (128 x128
matnx 100, 000 coﬁnts) wis obtamed over the bladdet thc bladder contents asp:rated and lhc ;

xmaglng r6peated post- voxd Further static images were also acquu’ed with consistent gco&ctry ‘
-and posmomn%gt 2,3,4and 24 h P. 1 . o “

vt

-The dynamlc backgi‘ound -corrected ROl curves over each kidneéy and the bladdcr were

recdns’ututed as for the rabb:t studxcs- and the % injected dosc-at-peak and umc-to-p&k

pammctcrs denved from thc multant curves. The post yond scmugram was subuacred from ce e
lhc pre-void xmage and the counts m thc bladder, and kldncy ROIs extracted Th&se were then‘. '
. . - ;f » L, . a
vco;r,r,ectcd to% m]vecied dose using the followmg formula. oo : Dt \ :
~%Inj.dose = Counts ifi KidneyROI®*  Countsin Urinet - , 100 < .
’ ..‘fineachkidney, ' Counts in Bladder ROI** " Total counts injectedd ~  1° o
‘ o gBackground-corrected ¥ _:':,,f*, R o » E

[PIY RS Jm_.. iz, i A ERHANOIN r k.‘_;.m,..wm_ o e gl e A it
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b Pre-void minus post-void.

t Urine aliquot counts determined in gamma -spectrometer and multiplied by total
collected urine volume.

t Dose Standards counted in gamma - spectrometer and correcwg For total counts ‘ N
injected. .

L PR

3.2.5 '*'I-PNA Plasma Pharmacokinetics and Clearance Studies in Dogs. o,

Studles to determine the plasma pharmacokinetics' and clearance rate of 1"[-PNA were
4

. dctcnmned mmultaneously in mch dog undergomg gamma- scmugraphy as descnbed above.

Blood samples (2 mL) were drawn through the indwelling angiocath into heparmxzed tubes at 3,

,5.7.10,12,15,20,30, 45 min and 1, 1.5, 2, 3,4, 6,9, 12, 24 and 48 h P.I. Plasma was
generated by mnqif uging the whole blood at 1000 x g for 10 min and 0.5 mL aliquots were
counted in.t'hé y-spectrometer, along with injection standards (0.5 mL of 1/1000 dilution of
injected “‘I-PNA). Norxpalized (100% at t=0) plasma activity/time curyes were generateg,
entered into computer files, and anal.yaed by AUTOAN and NONLIN® exponential

¢ . )
curve-fitting programs, to determine pharmacokinetic and clearance parameters. Plasma

r

" aliquots were thcn‘.tmate_d with TCA {as previously described), supernatants and precipitdtes

' re_cqunted,. ang the protcin-boupd pharmacokinetic curves plotted and arialyzed as above.
, | ) _ e | ‘ -
B 2 5.1 Pharmacokmeue Model Calculations M i ‘ N

Standard pharmacokmetm parameters were derived for :*I-PNA’ plasma curves
assuming a two compariment model described by the btexponenual equation*?*: |

The halﬂxfe (tl) of both the.f ast(a) and slow (8) cxponenualswas calculated from the :

smpped curve wherc . ‘ o C 'a\ i
~ K ‘ ¥ a * : . | ' . . .

=< ‘and - - .
L , UA= 06

.0... .............

’AUTOAN md NONLIN are exponenual curve- fm.mg and curve smppmg programs
developed by the Biomthmnal Umt Upjohn Co Kalamazoo MI
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{
’Ihc volume of distribution ( Vd) was calculated from the plasma activity/ume curves from the

%&erccpt of the curve (A, + B,) at t=0, and relating this to the total injected dase

Vd = Total dose injected(cts/time) »
A, + B, '
. : _ &
The area under the plasma curve (AUC) was calculated using the equation:
AUC=Ay + By
o B L e e e
and the clearance (Cl/Tb} calculated from the equation:.
‘ . *» ¥
CUTb =g Total dose injected(cts/time) T,
AUC
oy
3.2.5.2 Red cell Binding. - ' *
Red cell binding was detcrmin‘ed on all blood samples by co‘unu’ng aliquots of th¢ 7
packed cell volume (0. SmL) which had been washed and centrifuged x 3in hcpanmzcd
saline.' The counts m r.he ccll pellet were compared to the plasma aliquot counts g. i
8
- above, and % red cell binding determined. * K ,
! - f'_‘ N Fa G
3.2. 5 3 Urine Collecuon and Analysis *
Urine was collected throughout the»study lmually by bladder catheterization, and-
. !
i subsequen,tly from collections obl;med while the dogs were holxsed in metabohc cagc;. The .
total radioactivity was dctermin‘ed-fér each foliection period (0-1, 1-31 3-6,6-9, 9-24 and
24 48 h P. 1) togcther with %protem -bound activity (TCA precxpnauon) and %
o asxalo«GM,-synsorb bmdmg ?- f : . T o

chrescntwve 1 h P I unnc samples (2mlL) wzrc analyzed by sel column
chromatography (Blogel P 100 2.5 x-50 cm, on-r*‘.aboratones Rxchmond CA ) wnh )
’ PBS as eluent, The column butles was connected to & -dual channel momtor which
sxmultaneously mcasured u.v. absorbanoc at QSO nm and ‘"l radxoacnvn.y The eluuon o
profile was plotted with a dual- pen chart reoordcr ind thls was oompared.to the eluuon

‘ profilc of t.hc ‘"I PNA mjection m;terul lnd Nl"‘l sunduds

. W= .—.:.-‘i WA
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3.2.5.4 **'I-PNA Renal Scintigraphy during Galactose Perfusion in Dogs.
Two dogs were subjected to '*'I-PNA renal scimigraphy, while D-galactose (an
inhibitor of the PNA carbohydrate-bindirg site) was infused (2.5 g loading dose, 50

mg.min-! infusion) i.v. via an intravenous giving set. Dynamic parameters were

determined, as pre\:iously described, and were compared to untreated dogs (ANOVA).

* 3.2.6 Renal PNA Deposition by Histopathology Techniques
The renal accumulation and cellular localization of PNA was studied in CAF1/] and

-

' CBA/CAJ rh_iCe, NZW rabbits, and mon‘grel dogs };sing histopathological techniques in
collaboration with Dr D. Willans, Dept of Laboratory Medicine, Edr:l_omen General Hospital.
Initial studies were undertaken in CBA/CAJ mice using FITC-PNA and rhodémine-PNA (EY
Laboratoﬁes. San Mateo, CA.). Ten micrograms FITC-PNA or rhodamine-PNA were injected
i.v. into CBA/CAJ mice via the tail vein, and the animal were sacrificed at 1and 3 h P.1. The
amn;els were dissected, the kidneys removed and these were halved longitudinally. The tissue
was v«ashed with saline then immiediately placed into formaidehyde solution and f ixed_ for 24 h
The fixed tissues were then embedded in paraffin, and axial sections cut with a microtome. The
sections were placed on clean microscoee slides, and viewed by fluorescence microscopy. at the
appropriate incident wavelength. Mice, which were injected with normal saline only, were used
as controls. |

Although several of the kidney sections revealed good quahty fluorescent sections of
cellular localization, problems were encountered with this technique, resulting in
autofluqrescence in rnan_y of Ll}e sections, particularly with the FITC specime_ns. An

' immunoperoxidase technique“ was subsequeptly developed to overcome these li_mi;ations.

Dases of 1-100 ué PNA. were idjected i.v. int6 CAFL/J and CBA/CAJ mice, 10-500 ug
intp NZW rabbits, and 100 1000 ug mto mongrel dogs. The animals were sacrificed at various

times (10 min-24 h) P.I,, the lmdneys removed ‘and these were washed in cold salmc at 0°C.

The mouse kidneys were cut longuudmally -as above while the rabbit and dog kxdncys were cut

o

L

y
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into axial blocks of about 0.5 cm thickness, and were embedded in.d.C.T.(ub-Tek Products,

N;pcnille, IL.). The er;xbedded tissue was then T rozén in isopentane at - 70°C and stored at , \
-70°C until sectionied. One microme;ter axial cryostat sections were cut, placed on slides and
fixed in acctoncﬁ. These were washed with PBS and incubated in diluted rabbit serum for 20 min
- to minimize non specific staining. Natural avidin substances were blocked by the application of
Avidin reagent( Vector Laboratories Inc, Burlingome, CA.) for 15 min, washed with PBS and
treated with Biotin blocking rg:aggnt(Vector) for a further 15 min. The sections were then
incubated for 30 min with a 1/50 dilution of goét antiPNA 1gG (Vector), followed by a 30 min
incubation with biotinylated antigoat IgG antibody (Vector). The biotix)xylated sections were-
incuﬁated for 60 min with Avidin peroxidase reagent (Vector), and were finally treated for 5
min with freshly prepared DAB-H,0, solufiont Duplicate immunoperoxidase stained slides were

either counterstained with Harris's hematoxylin or not counterstained, and these were observed

with conventional light microscopy.

3.2.7 **'I-PNA Renal Parameters in nCis-platinum Induced Renal Toxicity in Dogs.
Four healthy male mongrel dogs (body weight 18- 22 kg) were purehased from SMRI,

were housed in standard pens, fed standard dog chow (Pu‘r'i\na)',"'and' allowed water ad libitum. '

After at least one week of acclimatization, the dogs' renal function, serum biochemistry, an
”‘I-PNA plasma and scir{tigraphic” tenal paraxheters were defermined as previdusly described.
The animals were then started on a 5 day single-cycle ds-pﬁtinum chemotherapy regimen. Five
days following the completion, of thé cis-platinumn schedule, the animals’ renal function, serum
" biochemistry, and *'I-PNA ﬁarameters were re-determined. The animals were sacrificed the

f ollowing day, their kidney; removed and ﬁwg wé;e histologically examined (Dr D. Willans, -

,. Dcpt of Laboratoi'y_'Mediciné. Edmonton General HoSpi'tal‘) for signs and severity of renal

“toxicity. An outline of the study protocol is shown in Fig. 3.1.



|

/ }
3.2.7.1 Cis-platinum Treatment Regimen. ‘

|

T ) Five days following the pre-treatment assessment of renal function. each dog was

o~

commenced on a 5 day cis-platinum regimen.

./ Ten milligran@als of cis-platinum (Pldtinols, Bristol-Meycrs Laboratories, Qm.)
were Teconstituted with 10 mL of sterile saline. The solutions were allowed to stand for at
least 30 min to ensure complete dis§olution. then the contents drawn into 20 mL syringes.
Doscs of 0.5 mg/i(g body weight were injected by slow i.v. injection cac;1 consecutive c;ay
for five days via a leg vein and 19 gauge butterfly (Cutter Laboratories. ), followed by a
saliné flush of 10-20 mL. The dogs were retaided on food and water ad libitum, and the

. volumes consumed were noted along with daily body weight. Five days following the final

cis-platinum treatment dose, the animals’ renal function and '*'I-PNA clearance were

determined. . °
i
ERPF
GFR
Pretreatment Post treatment 13 _pna
Estimates Estimates Serum Biochemistry
cis-Pt
0-5mg/Xg /day

Histopathology -

- , “Day

O

Figure 3.1 : Protocol of renal investigation for Cis-platinum treated dogs.

3.2.7.2 Serum Biochemistry.
Estimates of serum Na®, K*,"Cl-, Ca* creatinine, blood urea nitrogen(BUN) and
. o b V. ; .

4

total protein were \dete'rmined pre- and post- cis-platinum treatment. Blood samples were

|
i
I
+
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drawn from a leg vein with a 20 mL syringe and 19 gauge needle. This was added to a pla;irr

red-top vacutainer tube (B-D, Mississauga, Ont.) and allowed to clot for several hours. =~
| The tuﬁcs were centrifuged at_lOOO x G for 10 min and the ;e,erum decanted with a sterile

Pasteur pipette. The samples were sent to the SMRI biochemistry unit (_Mrs M.

McCixbbin), and were assayed by a serum biochemistry Autoanalyser. The pre- and  *

post -treatment results were compared (paired studen?t-test) and related to values of a

normal dog pool (N>100) analyzed by identical procedures.

3.2.7.3 Serum circulating T-F antigen titres

Serum T-F antigen titres were determined on each dog before and after - \

-

cis-platinum treatment by an ELISA assay. The assay was conducted courtesy of Summa’
Biomedical Canada.

3.27.4 ERPF and GFR Estimations. ~ © - ‘ .

Effective renal plasma flow ( ERPF) and glomerular filtration.rate (GFR) were
determined on each dog before and after cis-platinum treatment by ‘a dual isotope

technique. ‘
_Foyr megabecquerels of '*'1-1abelled orthiodohippurate (***I-OIH, Merck-Frosst, /

T—

Montréal, Québec) and }& MBq *MTc-DTPA ('in-hoyﬁe' preparation, see Appendix 1)
")’) F . X .
were mixed together, made up to 1 mL with sterile salirre, and injected i.v. into each dog

————viaa leg mﬁood—samplcsﬁ—nﬂ:)’were withdrawn from a contraiatcral leg vein into

i
smg a dual channel SplllOVcI correcuon program Lmear regression analysm of

plasma acuvny/ume plots was used to generate plasma t} valucs for both **'I-OIH (0 60
: mm) and "MTc. D’I'PA (2-6 h) These were computed with the appropriate volumc of

distribution (Vd) estimates (extrapolated) to calculate the EgPF. and GFR. Pre- and
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post - cis-platinum treatment values were expressed as % change (a3%) and statistically
compared (paired students t-test) with othér renal function tests determined in the same

“animals.
’ ~—

3275 131}.PNA Plasma Clearance and Renal Studies in Cis-platinum Treatci.if.l Dogs.
“‘I-E’NA plasma clearance and renal scintigraphic studies were Qe{qrmiricd in all

dogs before and after cis-platinum treatment as previously described. Rcsults were

expressed as % change (aS%) and these were statistically compared t‘bv- all oﬁ)cr ﬁaramelcrs'

by paired students t-test.

3.2.7.6 Renal Histopathology after Cis-platinum Treatment in Dogs. - *
Qne day after the post-lreatment estimates were completed, the'd‘dg_s. were'

sacrificed. their kidneys removed and immediately fixed in‘formaldehydc.'.‘ P'ﬂkraf fin
= R {

embedded sections were cut with a microtome, stained with Harris's hematoxylin, and
\ .

‘.\., e

classified as to the degree of tubular damage demonstrated by light microscopy (Dr D.

Willans).

/33 HUMAN STUDIES. ‘

Two studies were-undertaken with *'I-PNA in human patients. The first study
mvolved the mvesngauon of patients with known metastatic dxsease with 1"]-PNA as a.
tumour -seeking agent Recent studies had indicated the potenual usefulness of radnmodmaled
PNA as a- tumouyékmg agent in' mice*¥e3ITeee and hurnans‘“ ‘4, A clinical trial was |
initiated to conf irm thcsc f inding, and as a consequence of this study, further biodistribution .

parameters were determined which relate to the rena.l*handhng of [-PNA in humans.

3 3 1 1"I PNA Scmtlgraphy in Panents with Metastatic Disease. .
Seventeen patients with proven metastatic disease (breast carcmoma 7, colorectal

carcinoma 4, small cell lung carcinoma 2, tenal cell carcinoma 2, and one each of
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" adenocarcinoma of lung and carcinoma of stomach) were sclected,for scinu‘gxaphy of their
J:nown tumour sites. All patients were informed of the expcnmemal naturq of the study and
. their written consent obtamed Pauems had their measurable tumour sites documented using
. standard clinical, radiological and nuclear medxcme techn,:qucs and rouun; blochermcal profiles
(including serufh crcatinine) wc‘re perf o.rmed to assure normal téhal f unction. Specific enquiry .
was made rcgardmg allcrgxes 1o iodine and peanuts :
Each patient was tested wnh a smaﬂ dose (0.05 mL) of sterile PNA (1 mg/mL)
lntradermally and Lhc mjecuon site was observed for at lcast 1 h for signs of skin' sensxuvxty
- .Each °paucnt rccewed 10 drops of concentrated Lugol’s iodine (5% W/v 1odme and 10%
potasstum xodxde Drug Tradmg Co, Toronto Ont.) dady for 5 days before and 3 days
following *'I- PNA scmugraphy to minimize thyrmdai uptake of IO
Each’ pauenl was mJec,ted i, v wuh 50 MBq 18] PNA (100 200 ug) via an anncubnal
- vein. Whole body scinugrams\ (antcnor_!ﬁnd posteriorly) were acqux.red at 3, 6'. 24,_ 43 and 72 h :
Pl using a large field-of -view gamma\ camera (Sea.rl% LFdV) calibrated for ' andr |

i
4 LIRS i

: mterfaced [Q x computer (Dlgxtal PDP 11/40).

M

‘Ins pauents M. PNA renal uptake was deteqmned in conJuncuon with- StaUc

', scmugraphy Followmgx v. mjecuon of 1311, PNA dynarhic frames wereeaoquxred every 30s .

' for 45 mm (64 x b4 matnx) Regions of interest (ROIls) were generated over each kndney as
welf“as adja'cent background regmns. Background-con‘ected activity/time curves were denved
and area normahzed Exponential curve fittihg (A A1 - et 1) was used to descnbe the

'.Ienal uptake curves and t& (uptake) and A, were detcrmmed for each kxdney from the
cxtrapolated 0 45 rmn dynamxc curves. Expected vs. obscrv@d goodness of f it for each rcnal

'- curve was detcngmed by X’ testing. Curves were quanmated to % injected dose by companson

with injection standards and/or vondqd bladder coums as prcv:ously descnbed for ammal
N

studxes ;}
_ N e
N *

N
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3.3.2 1 -PNA Renal Studla in Patrents uudergo:ug Cis-platinum Chemotherapy .

Seven pauems (4 with tesucular carcfnoma and 3 with ovagian carcmoma) were selected

¢

for detailed '*'I-PNA renal scimigraphy during meii cis-pla"tinum chemomerap?. Patients with

known primary tumours who were 10 undergo cis- platinum chemotherapy. either as a single
. v - * . ps

R . N °. - "l . I3 - + - .
agent; of in combination with other anuneopﬁastrc therapy and/or radiotherapy, were informed

of the experimental nature of the ixiveétigau’on, and were admitted to the study protocol.

r

3.3.2'1 Patient Eugibﬂny. o

All panents had hxstologlcaily proven mahgnancy and weré to commence
> cis- plaunum chemotherapy en.her alone-or in combmauon with other drugs, and had no
¥
known_renal dysfuncuon Each’ panem selected was willing to be available for the entire

study, had no kn-bwn allcrgles\tqpeahurs or iodine, and had a life cxpccjtancy greater than

¥12 _Weeks.

o e

3.3.2.2 - PNA Reual Scannmg and Pharmacokmeue Protocol
Each paucnt was tested for tissue- type hypersensmvuy one day prxor to ”‘I PNA

E renal scmugraphy by the intradermal m)ecuon of 5 ug PNA and observation'f or skm

reacuén Each panent also received Lugol s 1odme for the immediate study penod and this

" was repealed on each subsequent occasion prior to, during, and f ollowxn_g ”‘}-PNA e

I
i

scmugraphy PR ‘ ,’ . ' |
Each panem was mJected thh 10 MBq of stenle M. PNA (50- 100 ug). Dynamzc :

f rames were acquxred on the gamma camera/computer system every 60 s f or 45-min. Stauc

f‘rames were a.lso taken at 45 min P.I. in both the anterior and postcnor projections, and
mdwrdual hrdney acnvrty corrected for dcptn and tissue attenuauon by standard computer
techmques Background corrected Acnvxty/umc curves were genérated f or each kxdney and

L " were fmed to cxponcnual curves (A =AJl-edt ], as descmbed for the previous
study Funher analysrs on the background -corrected and attenuatron corrected renal ROI

curves was performed usmg computer quadrauc equauon fi mmg program (A = ax + bx?)

7 -

T . .

2
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.calculate creaumne clearance. }

84

to attain the slope of the initial renal -curve for each kidney. The initial slope of tie Ejdney
curves were cotrected 1o radiﬁac{tivity/blood volume in vivo measurements by computing
injected ddse('MBq) over Vd(L) determined from the plasma samples. :

All patients were serially studied throughout their chemotherapy regime. A baseline

study was performed the day prior to the commencement of cis-platinum chemotherapy, »

and was repeated following every second course of cis-platium (0.5 mg/kg for 5 days. an

“interval of M4 days, then repeat of S day cycle). The average time required for the

treatment protocol was 4-6 weeks. The results of the sdnugréphy were compared between
eac;h occasion and against other estimates of renal function.

Early phade pharmacokinetic curves were dc’termined’ dim'ﬁg each Study, and
clearance determined as previously describec. Blood samples (5 mL) wcré obtained from a
éomralaiera] anticubital vein direc/ﬂi' irrt}) 10 mL plain vacutainer tubes at various times

(2-60 min P.1.). Serum was éenerated'by centrifuging at 1000 x G for 10 min and 0.5 mL |

aliquots were counted in a gamma-counter peaked for I, along with injection standards.

The Volume of distribution was calculated from the extrapolated log-linear curves and was

" computed with the decay constant, to calculate clearance (assuming single compamnent.

mode! kinetics). .
;

- The % injected dose ex;:reted in 24 h was determined by counting aliquots of 24 h

urine collection and comparing these to the injected standards.

o &

13.3.2.3 Serum Biochemistry and Creafififne Clearance.

. Routine serum o!ectrolytes BUN, creatxmne and liver function tes:s fwere
detcrmmed on each patient, concomnant.ly with the ’"I PNA renal studnes, by standard.

techmques Urinary creatinine was determined on Lhe’24 h urine collecuons and used to )

¢
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3.3.2.4 Anti-PNA Antbody Determinatioﬁs.

Serum anti-PNA IgG. IgM. and IgE antibody titres were determined by ELISA
assay on each patient a week prior to each ''I-PNA renal study.

A 96 well ELISA plate (Dynatech Immulon) was coated with PNA (1 4g in
PBS/well) and incubated overnight at 4$C. The plate was cmﬁiié@gmd washed x] with PBS
to remove any unbound PNA. The plate was blocked by incubating fo:;30 min at 37C with
1% povine serum albumin (BSA) in PBS and subsequently washed x1 wiu} PBS.

The serum was diluted 1:10 with PBS and 200 4L and dispensed info the first wells
for serial dilution up to 1:320. The remaining wells were filled with 100 xL PBS and the
plate incubated at room témperat’ure for at least 1 h, emptied and \;vashed x2 with 200 pl. ~
washing‘so[ul_ion (Mandel Scientific Co., Rockwood, Ont.). The wells were emptied and
50uL of a 1:200 dilution of peroxidase-labélled goat-antihuman IgG, IgM, or IgE (Tago
Systems, Burlingame, CA.) were added 1o groups of wells, the plate incubated for 1 h at—__
. ifoom ;en:pcrature and subsequently washed x'4 with Washing solutipn. The plate was
emptied and 50 “L ofal:l so!uticm of ABTS (2.2'-azino-di[3-ethyl]-benzthiazoline ,
snglﬁhor_xate) and H,0, (Mandel) substrate solution was added. They were then i?\cubatl:/ci
for 15-20 min and the optical density at 412 nm was determined by an ELISA‘, MR 6000 .
plate reéaer (Dynafech Corp) |

Each patient's assay was co;xlpared to their pre-PNA determination, as weil as to

4

assays of pooled normal sera.

‘
¢
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4. RESULTS AND DISCUSSION

.

\

’/EM RADIOIODINATION AND QUALITY CONTROL OF PEANUT LECTIN.

A ma]or considerauon in radxopharmacologlcal studies for the mvesugauon of in vivo

behaviour of radiopharmaceuticals is the establishment of methodologxes which will’ prov;de

consistent products, whose biological properties will not vary from batch to batch. For this

purpose PNA was used from one single manufacturer, and labelling techniques were kept

»

J ’ N . - .
consistent during all the experiments. Analysis of results from over 60 radioiodinations of

PNA . with either ***] or **!I, has revealed a consistency in labelling efficiency. protein-bound ‘

radioactivity and sugar-binding charaetensues of the radioiodinated PNA products These data,

spanning two and a half years of labelling experiments, are summanzed in Table 4, I

I4

Table 4.1 Radioiodination efficiencies and quality control results of ***I and '**I-PNA batches.

% a-GM,

% Labelling % TCA
efficiency precifitation synsorb bindirig
1.PNA(N=9) Mean + S.D. 571.245.7 " 98.4+1.2 *90.6+2.8
- Range 43-71 83.2-98.6 84.6-93.8
11-PNA(N=53) Mean % SD 60.3+4.6 - 9§.6i1.8 89.81+2.4
Range | 19.4-932

. 41.4-68.9

830.1-98.2

L
)

The radioiodination techmque employed in these labelhng experiments gave consxg,tcm

% labellmg eff iciencies, routmely in the range 45-65%, for both ***Iand **!1. The resultant

labelled PNA was shown lo retain its biological sugar~binding specif icity (immunoreactivit?),

-as determiried by asialo- GM, synsorb binding. Prevmus repons by Zabel’” and Eu** have

« ¥

documegted similar results and have also included results in w_hxch competitive inhibition of

86
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PNA' binding t0 a-GM, synsorb were described. Initial cxperirﬁems on’ labelled batches of
”’I-PN'A with 0.05 M galactose inhibition were also performed in this study. but because of
consistency ir; finding, these have not been reported here.

ITLC-SG chrométbéraphy of radiotodindied PNA was also determined on initial
batches of the product and again consistency was demonstrated with results of TCA
precipitation, as reported by Eu*’*. Because these results appeared superfluous to the

determination of radiochemical purity, this technique was omitted from the quality control

protocol in subsequent experiments.

4.10.1 Pr?)ttin concentration determinations.

The protein content in PNA solutions was determined by two separate methods.
Initially, u.v. spectroscopy at 280 nm was used to determine protein concentrations,
however at ooncentratié;lé of below 100 yg/mL there was significant deviation from
Iinearit; . as dcxﬁonsualéd iq Fig 4.1. In an attempt to improve the accuracy of "the
estimation of PNA concentralion in solutions, particularly at dilu’u'ons <100 ug/mlL. the
Bio-rade 'protcin assay was investigated, using the standard procedure, and the microassay
technique. as described in the assay manﬁal‘“. Serial dilulions_(l ug-2 mg/mL) of PNA“
and also of the reference protein soluu'énl (bovine gamma globulin) provided Optical
density at 595 nm (ODy,s) vs. piotein concent}adon standard curves with both the
standard and microassay . Results demonstrated acceptable linear correlation of ODy,;y vs.
concentration of PNA andibovine ganima globulin using both the sta_nd?rd (Fig 4.2) and
microassay (Fig 4.3) techniques. The assays \;/ere easy o peff orm, required ininimél time,

/

and appeared reproducibie over several different experiments. ‘ "‘ ¢
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Fig 4.1: Calculated vs.Actual PNA concentration by u.v. spectroscopy at 280 nm.

Using the Bio-rade protein assay, the protein recovery of a 1 mg/ml solution of
PNA (100 L), applicd to the standard gel-columns used for the separation of
radioiodinated PNA from free iodide, was dctérmincd in four separate Experimems. The %
protein recovered from the columns was determined as 81.243.5% and in subsequent )
chromatographic separations, this correction f. actor was used to estimate the recovered

b ]

protein concentirations for all administered dose caiculations.

»

of 11-PNA.

4.1.0.2 Sterile prepara
VS‘teril_ity and pyrtogen testing of ' 1-PNA sol.uu'én’s for human\Stu;iies, (N=36),
revealed no d(%f ic?ﬁliiés in th prepargtioh of 131 -PIETAZ suitable For human administration.
‘ iqu-organigms { LiSP‘XIX), and all solutions lacked the
s

No solution tested contained

ability to clot the LAL test vials,'while positive controls showed a positive gelation

reaction.

Asialo-GM, -synsorb binding and TCA precipitation assays revealed retention of

sugar-binding specificity and indicated >95% protein-bound activity (results are included

3
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4.2 PNA BIODISTRIBUTION STUDIES IN ANIMALS AND HUMANS.

4.2.11**1-PNA Blodistribution studies in mice.

\"{

4:2.1.1 Dose-respounse in mice.
The dose-response of '**I-PNA was determined at 30 min P.I. in CBA/CA]J strain

-4

*mice ysing doses rangirg between 0.13-100 ug per animal. No signif icant difference was

demonstrated inothe % injected dose/g of blood or kidney tissue at doses below 1.3 ug per
animal, however on increasing the doses above 10 ug per animal, there was a steady rise in
the % injected dose/g in blood, and a correspondlng decrease in the Zb mjected dose/g in
the kidneys, as summarized in Table 4.2. A plot of kidney/blood ratios vs. dose (Fig 4.4) .
shotvs a linear increa%e in 'this‘ratiol," which peaks at around 10 pg per mouse. With doses in
excr{ss of 10 ug/Z\S g mouse, a_-steady :de'cline in this ratio is observed. These results suggest .
that the renal uptake of "‘{’I:PNA becornes saturated at around 10 ug per mouse (a dose
corresponding to approximately 400 p,g/kg ‘,body weight).

Eu"‘ has recently reported a sxmrlar dose reSponse behaviour in the tumour uptake

of 1¥%]- PNA in CBA/GAJ Inice oontammg TA, -Ha tumours. He found that a similar dose

(10 ug) per mouse, resulted in’ the optimal tumour uptake of #]- PNA and at higher

admrmstered doses ‘the tumour7blood 1atio dechned a:nd concluded that this was due to

) satpraﬁon of PNA binding to thé T-F aptigen receptc)rs in the tumour.

1 L
- . . e
,‘ v

4 2. 1 2 Rénal uptake of 1#°]- PNA in dif’ ferent stra,uis of rmce

. Prevtous blodxstnbutlon studles by Zabtl"" and Eu“‘ have demonstrated an
apparent drfference in the degree of renal uptake and retennon ume of l”I PNA in several
"diff erent stram&.of mice, although these expenments had used dif f erent sources of PNA

and vanatmns in the ridrorodmauon techmque (Cﬁloramme 'f‘or Iodogen method) In

,“__1 o ¢

. b . - . . !
. & . T o L o . : ?
, . . . - " ° 8

e -

-
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KIDNEY / BLOOD RATIO

-~ Figure 4.4 Kidney/blood ratio vs. injlected dose of '#%] -PNA in CBA/CAJ mice.

e
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‘order to establish whether these observations were true or whether the differences were
dependent on ;fle PNP.\ stock material and labelling telchnique_ an experiment was
under@ken to compare the renal uptake of ”’I-PNA in four different strains of mice (AJ,
¢57b. CBA/CAJ and CAF1/J), using the same batch of **’I-PNA labelled by ihe iodogen
method. Although complete biodistribution studies were perf o‘rmcd, only the % in jectcd
dose in kidneys is reported, as there appeared only minor differences in the*P’-PNA levels
in the remaining organ systems. Results confirm a strain -specific diff erence in the renal
uptake and retention of '*’I-PNA in the kidneys of mice, as summarized in Table 4.3.

AJ and c¢57b mice showed similar % injected dose/organ estimates in the kidneys,
with no significant difference demonstrated at 30 min, 6, 24 ;)r 43 h P.1. CAF1/J mice
demonstrated similar % injected dose/organ values in the kidneys at 30 min P.1. to AJ and
c57b mice, however at later time points, the % injected dose/organ in kidneys was
significanuy lower _that with AJ or ¢S7b mice. These results appear to indicate a more rapid
clearance o{ the radioactivity from the renal tissue into the urine, presumably because of a
more efficient mecham'.smv of tubular secretion of '**I-PNA in CAF1/J mice.

A significant difference in the rate of renal accumulatjon and excretign of
125]_PNA was seen in CBA/CAJ mice. The renal activi[‘y at 30 min P.1. was diminished in
comparison to all 6ther strains (22.38£3.01% Inj. dose/oréan). and its clearance f rorr.x the
k}dneys appeared to be of similar rate to the CA.Fl/J mice. These :values ‘o_blaincd for

~ CBA/CAJ mice appear to correspond: more closely to those demonstrated in other animal,
species such as:NZW rabbits, dogs and humans (seé later results), and as such may
indicate that this strain of mice is ;more appropriate ﬁodel for assessing the renal kinetics
of PNA. It is also interesting to note that differences in the ‘renal excretion ra'tc of PNAin
various strains of mice may, in ﬁan. explain the differences in tumour rc{emion of PNAb
with murine tumour models such as the TA,-Ha grown in AJ, CBA/CAJ or CAF1/J mice.
The slov}er the renal excretion, the more likely the radiopharmaceutical is to localize within

tumnour tissue, resulting in higher tumour levels. This may support the differences in

¢



Table 4.3: Renal Uptake of *¥I

94

AN

-PNA (lug) in AJ. c57b. CBA/CAJ and CAFl/J

strain mice®.

Time Strain
Al cSTb CBA/CAJ - CAF1/]
30min. 37.4212.56 34.28+2.65 22.38+3.01¢% 37.68+2.04
( -
6hrs. 9.11£0.73 9.0311.96 4.10+0.991 6.36£0.55%
24hrs. 1.50+0.19 1.92+0.22 0.7310.071 < 1.18+£0.06%
()
48hrs. 0.73+£0.14 0.69+0.22 0.33£0.15% ~/ 0.65+0.10
* % injected dose in both kidneys ( £5.D.).
t p < 0.05 (Students’ t-test).
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TA,-Ha ul_mour aclivity demonstrated by Eu*** and Shysh et al.’>** in previous reports.

Strain variations in the renal uptake of PNA may reflect fine differences in the
distribution of membrane glycoproteins within the nephron, 4nd thus iffdicate the

sensitivity that PNA may offer in the respect to determining renal cellular glycoconjugd1és,
]

receptor affinity, internalization rates, and tubulaz secretion rates. Eguchi ef al.**” have

' ‘?u R : “n, by

also noted differences in the binding of the lectin Con Aﬁbf.the proximal tubule in two

different strains of mice, indicating that there are often differences in the glycosyl cogptent.

’ . . - y
as well as the density of membrane glycoproteins in the kidneys of various strains of mice.-

Y

4.2.2 Dynamic '*'I-PNA renal scintigraphy in NZW Rabbits. - : b

Rt

?
In order 1o study the renal uptake and excretion of **'I-PNA in more ghantitative

detail, NZW rabbits were employed as the test modcl.‘Dynamic gamma-camera renal
scintigraphy was performed on control rabbits (N.=4) ’imd dyna}nic renal parameters were
determined during the first hour P.1. These data were used as controls in subsequent'
experiments to de{ermine the effect of various pharmacological agens on the rate of renal
accu,mulau"on anq/ excretion of !*'I-PNA and are reported in Table 4.4. °

Quantita/‘ive dyna;lxic renal scintigraphy revml‘ed?onsistem renal activi;y/time curves,
resulting in consistent estimates of renal % Injected dose-at-peak and timé;;o-pcak'in four
conuol'NZW ,aﬁbits irijected i.v. with 1]-PNA (Tavblc 4.4,.Figs;'4.5.4.6). Static scintigrams
revealed that the kidney and bladder appeared to be the only major organ systems visualized up
tolhPlI, GZ:f irming previous results with mice. The kxdneys of control rabbits accumulated
19.6%4. 3%//01’ the mjected dose at peak (37.2£6.9:min.), and 12.6+1.8% of the dosc was

present in//the bladder after 60 min. The kxdney/hvcr ratio (calculated' from normahzed ROIs at

l»ﬁ P.1.)/was 18.9+1.8 in untreated animals.
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 Figure 4.5 Static 'l -PNA renal scintigram 60 min P.I. in NZW Rabbit,
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- Figure 4.6 Dynamic Activity/time curve of '']-P

NA in kidneys of NZW rabbit.
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4.2.3 **'I-PNA Dynamic and Static Renal Scintigraphy in Dogs.

98

Dynamic renal scintigraphy was determined in the four dogs for the first hour P.I.. as

described for the rabbit studies. Results indicated similar renal ROIikincu’c profiles 1o those

demonstrated for the rabbit studies, with the % injected dose-at-peak determined as

21.8+3.3%. and time-to-peak of 44.6+4.8 min (Table 4.5). The % injected dose in bladder at

1 h P.I. was 12.8+5.3%, with little radioactivity demonstrated in the liver.

Table 4.5. Dynamic '*'I-PNA renal parameters in control and D-galactose infused dogs. -

Parameter Controls D-galactoset
(N=4) (N=2)
Time-to- peak 4.6 437
(min) +438 +38
% Inj. dose-at-peak - 218 10.9*
(Both kidneys) +33 +2.1
t4 uptake 14.2 15.2
(min) _ +238 +19 -

% Inj dose in bladder 12.8 4.7°,
(1hPl) 53 +2.1
‘Kidney/liver ratio 17.5 ’ 14.2
" (}hPlL) 2.8 t2.6

t 2.5 mg loading dose, 50 mg.min~* infusion.

* p<0.05

Static scintigrams were determined at 1, 2, 3 and 24 h. P.1. and from the images

obtained the % in jected dose remainihg in the kidneys was documented during the renal

excretion phase of the *1-PNA 'renogram’ (Fig 4.7). These data indicate that the activity in

the kidneys declines at a similar rate to the plasfna disappearance curve, resulting in only about

1% of the injected dose remaining in the kidneys at 24 h P.I.
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Figure 4.8 *"'I-PNA. renal and bladder Activity/time curves in control dogs and dogs ir:f used

with D-galactose.



101

In order to study the effect of D-galactose (an inhibitor of PNA:T-F antigen interaction) on
the renal '*'1-PNA kinetics, dynamic scintigraphy was undertaken in dogs during D-galactese
infusion. The dogs were given an i.v. loading dose of 2.5 g D-galactose and thus was followed
by a constant infusion of 50 mg.min * during the study period. Five minutes after mc
c.ommcncemeht of the galactose infusion, 25-35 MBq "*'1-PNA was injected i.v. and dynamic
frames were -acquired as previously described. The renal and bladder kinetic parameters were
acquired as for the control$, and Tesults statistically compared (students 1-test).

A significant reduction in the % injected dose-at-peak and % dose in bladder at 1 h P.I.
was demonstrated with the infusion of D-galactose (p<<0.05) while the time-to-peak was
similar to control animals (43.7+3.8 min., Table 4.5, Fig 4.8) These resuits suggest that the
sugar-binding site of PNA is an important configurational entity in ihe recognition of PNA by
the kidney. D-galactose, being a specific inhibitor of the PNA:T-F antigen interaction, is able
to inhibit the binding of PNA in the kidneys of dogs. when infused in high concentration. The
most probable explanation for th;s fin.d'mg is that PNA is bound to T-F antiéen or 'T-F
antigen like' receptors in kid;uey tissue. The rate of this interaction determines the rate of
removal of PNA from plasma, and this can be altered by the infusion of inhjbitory sugars,

which competitively bind to the disaccharide binding site of PNA in vivo.

4.2.4 '*'I-PNA Scintigraphy in Patients with Metastatic Disease.

Tumour and dynamic 1enal scintigrapt}y was performed in 17 patients with‘known
metastatic disease as part of a clini@l trial todhetexﬂi}ng the efficacy of ''I-PNA as a tumour
imaging agent. As part of this trial, data was alé.o éétermined as to the biodistribution pattern
ot_” ”‘I-PIiA in/humabns,vwith particular embhasis on the renal uptake of ”’I-PNA.” Fun}lcr

information was derived as to the clinical the safety and tolerance of patients to the i.v.

injection of '*'I-PNA.
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G
4.2.4.] Toxicity of PNA
No tissue-type sensilivity was noted in any patient with the intradermal injection
of PNA prior to !*'I-PNA scintigraphy.
No hypersensitivity or anaphylactic reactions were observed following the i.v.

injection of **!I-PNA, and immedia{c or short term side effects were not present in any of

the patients studied.

4.2.4.2 Tumour Scintigraphy with ***1-PNA in Humans.

No visible uptake of **I-PNA on the analogue scintigrams (30 rﬁin-48 h) was
evident at any site of known metastases in 16 of the 17 patients studied. A pulmonary
metastatic lesion (measuring 3 ¢m in diimeter)_ from a renal cell carcinoma, was visualized
in one patient at 24 and 4§ h P.I. Of imclrcst. is that the solitary lesion visualized with
H-PNA in this study was in a patient who had a previous nephre.ctomy, and whose
plasma clearance of '**I-PNA was diminished in comparison to all others in the study
group.

In a parallel study. Holt er a/*** have demonstrated **']-PNA localization in two

of eight patients with known metastases. Their imaging protocol included computer

enhancement of the scintigraphic images, while no such manipulation was atlempled’in our B
study. In both studies, no lesion was demonstrated by !*'I-PNA scintigraphy, which was
not evident on conventional radiology or nuclear medicine imaging. It appears from these

. ‘ : o

preliminary studies that '*}I-PNA ﬁ;mour scintigraphy holds little potential for the ‘
scintigraphic visualization of human\ tumours over existing radionuclide or radiological
imaging techniques. |

In eight patients, there was obvious uptak;: of 1*'I-PNA demonstrated in the
" stomach at 6-48 h P.I. This activity did not appear to be asso;iawd with gastric contents,
as.it did not empty into the intestines at later times, and as such does not appear to be due

to free **'I". The specific binding of **'I-PNA to gastric mucosa in some patients may

indicate the presence of T-F antigen sites on these cells, a finding consistent with recent
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histological findings of PNA receptors in the stomach*'’. This finding was also noted in
dogs adm{'nistercd $4-PNA, particularly at later ume points (>3 h P.1).

In four patients, low-grade thyroidal uptake of acuvity was noted, despite the
" administration of Lugol's iodine, and is consistent with the presence of free 10dide at later

times (>6h P.I.).

4.2.4.3 Renal Uptake and Excretion of **!I-PNA in Humans.

All patients showed marked renal uptake of radioactivity following the injection of
111.PNA (Fig. 4.9). Urinary bladder also-contained significant activity within 30 min of
injection, and the renal and bladder activity persisted for the duration of the imaging
period (48 h). : . -

Dynamic scintigraphy was performed in 5 patients and the dynamic renal
parameters determincd\ from the analysis of renal ROIs and exponential curve fitting of the
activity/time curves (T;ble 4.6).

Three patients exhibited similar **!I-PNA renal uptake parameters (Mean % inj.
dose-at-peak (both kidneys) = 20.5+0.7%. 1} (uptake) = 18.8+2.5 min, Table 4.6). One
patient showed a slightly reduced rate of renal uptake in his single kidney
(1§ = 22.0£1.2 min), however the % inj. dbse-at-peak (18.2%) was similar to bilateral
_uptake in normal patients. A further patient demonstrated markedly reduced renal uptake
of **'1-PNA in her single kidney, despite a normal serum creatinine. Interestingly, this
patient was the only one who demonstrated discernable ***I-PNA uptake in her known
metastatic lesion.

Holt et a/.*** and Wilkinson et al.**' have reported that the '*'I-PNA plasma
disappearance curve in humans is best described by a two-compartment biexponential
- model, with ’t§a>= 44 5+3.0 min, and t}8 = 15.612.0. Urine collection recovered
26+11%, 34.818%, 60:1:5%, 791:9%. and 94+ 7% of the injected dose at 2, 3, 9, 24, and
~ 48 h P.I. respectively. The radioactivity présem in the urine, particularly at early times .

P.1., was pfeéipitable with TCA and appeared to' maintain significant sugar-binding

N
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Figure4.9 Typical Static '*'1-PNA rez.al scintigrams 0-60 min P 1. in humans.
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specificity. Gel column chromatography on human urine has confirmed the presence of

intact **'1-PNA in the bladder contents of patients, a similar finding to ours in animal

studies.

453

In detailed studies of the **'I-PNA renal kinetics in humans, Wilkinson er al.
ha?e indicated a % inj. dose-at-peak of slightly above 20%, and a time-to-peak of |
approximately 90 min in normal patients. Renal transit time for **'[-PNA was calculated
as 0.63 h, assuming a constant fractional rate, and was confirmed from the analysis of the
plasma clearance data. Although detailed pharmacokinetic analysis was not performed in
our patient study, qualitatively these résults are in good agreenrent with our findings: and

confirms the reproducibility of the ***]-PNA renogram in normal patients.

4.3 THE MECHANISM OF RENAL UPTAKE AND EXCRETION OF "'I-PNA.

The biodistribution studies performed above indicated that radiolabelled PNA is cleared
from the plasma by the kidneys in mice, rabbits, dogs and humans. Further experiments were
performed to quantify the plasma clearance and the &te of renal accumulation of iodinated
PNA in animals, to study the cellulaT mecha;nism of PNA deposition, and to investigate the
nature of the urinary excreted material observed in the animal experiments. These data have
resulted in the postulation ;)f a renal excreu'bn pathway for PNA and the establishment of a
dynamic renal model for the quantitation of the renal excretion of *!I-PNA in animals and

humans.

4.3.1 **'[-PNA Plasma Pharmacokinetics and Clearance Studies in Dogs. |

4.3.1\1 Plasma Pharmacokinetics and Clearance Determinations.

inistered '*'[-PNA were

The plasma pharmacokinetic parameters of i.v. a
determined-in four normal mongrel dogs. Both the-toyf] plasma radioa’ctivity/t_ime curves
- and the protein-bound radioactivity/time curves (TCA precipitable éoun_ts) were analyzed

by AUTOAN and NONLIN computer exponential curve fitting programs, and data was

-
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normalized to 100% at 1=0.

Both the total an¢g protein-bound activily time curves (0-42; h. Pl) \;/erc best
described by a two compartment model (r’ =0.998 and 0.996 respectively) and showed
reproducible results throughout the study (Fig 4.10, Table 4.7). There was a significant
difference in the total and protein-bound plasma activity/time curves and thé resulting
parameters determined from pharmacokinetic curve fitting. The discrepancy in these values
is due to the in vivo deiodination of the *'1-PNA, rcsplting in the release of free '»'| ..

For the protein -bound radioactivity, a rapid clearance is seen from plasma .
(Cl/TB=17.52 mL .min"*) from a volume of distributionh of 1.2710.48 L. The low vd
calculated from al‘Ldogs indicate that *'1- PNA is distributed within the plasma
compartment aflc:'t;,administration, with little or no tissue or plasma protein binding. Red

cell binding detemﬁna[ior'l.s indicated insignificant binding (<1%) of ”""I\-I;NA}F -

~.

erythrocytes following i.v. injection. N
Y

131].PNA exhibits a rapid ren:oval from plasma (as indicated by t4 a of 0.3110.03
hand 1§ 8 of 1.1940.16 h). Although plasma decay is demonstrated beyond 6 h P 1.,
statistically the model could- not distinguish the slope of this line from that of a straight -

line with slope of 1.

4.3 1.2 Urine analysis.

The urine from the dogs was collected for 48 h. following the i.v. injection of
13M1-PNA, iniqally by bladder catheterization, and then from gross collection while‘ the
dbgs were housed in metabolic cages. The % of in jected dose in urine was calculated for all
collection periods and also for the complete collec_u'c;n period. '

- During the first hour P.1., 14.312.1% of the inj@cted dgse was present in urine
' {Table 41.‘8), while the cumulative 24 and 48 h urine collection rcsultéd in 65.4%+6.4 and
73.519.8% of the dose being recovered respectively. TCA precipitation and asialo-GM,
synsorb biﬁding assays revealed thal m the early period (0-6 h.) P.I., the majority of the

~ excreted radioactivity was protein-bound, and retained specific binding to the immobilized
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a-GM, disaccharide.

These results strongly indicate that ***I-PNA is excreted by the kidneys in an intact
form. a remarkable finding bearing in mind that PNA is a protein of 110,000 molecular
weight, and is unlikely 1o be f‘iltcred by the glomerulus. To confirm these results and to
farther characterize the size ,of the urinary excreted matrial, aliquots of the recovered
uﬁne were subjected to gel column chromatography with Biogel P100 (exclusion limit
100_090 M.W), and both the radioactivity and protein elution profiles were determined.

" The elution profile determined for the 0-1 h urine aliquot confirmed that a Significant
proportion of the radioactivity co-¢luted with };NA at th void volume. The elution profile
also revealed the presence of lower molecular weight protein fragments, and a small
proportion of free ***]° (Fig 4.11). These are presumably proteolytic fragments from tﬁe
degredation of PNA during renal transit. At later time points, the proportion of free '*']

increased relative to intact !**I-PNA, a finding consistent with the TCA precipitation

results reported in Table 4.8.

’4.3_.2 Histological determination of PNA binding in the kidneys of CBA/CAJ mice, NZW
rabbits, and dogs. |
In order to determine the cellular structures to which PNA Bmds after i.v. injection,
‘histological examination of kidney slices was undemken following the i.v. injection of
fluorescein-labelled PNA (FITC-PNA) and rhodamine-labelied PNA (Rho-PNA), using
fluorescent ricroscopy. Ten micrograms of either FITC-PNA or Rho-PNA were injected.i.v.
into CBA/CAJ mice, and the kidneys remove& 3 h. P.1., fixed and examined by fluorescent
microscopy (Fig 4.12). |
Results f&ealcd that fluorescence was conffinéd predominantly to 'the proximal tubules
‘of the coriex. with no staining seen in the gldmerulus, and some faint staining evident in a
small percent of medullary cells, which ai:pcared to be either the distal tubular cells ad jacent to

the collecting ducts or early collectipg duct parenchymal cells themselves. The most intense
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Figure 4.12 Fluorescent microscopical cortical section of CBA/CAJ mouse kidney 3 h f ollowing

i.v. administered FITC-PNA. G = Glomerulis, PT = Proximal tubule.

kS A

~AJ mouse dney ({hPT.

Figure 4.13 Immunoperoxid
PNA).



Figure 4.14 Immunoperoxidase stained cortical kidney section of CBA/CAJ mouse injected

with PNA(1hPIl). bm = Basement membrane

. U R¥ W & - 7
[ W A W L] )’ ‘} "“_ ‘\1

. l—xgure 4. 15 lmmunopero:udase stamed medullary kndney sect:on of CBA/CAJ mouse injected

with PNA (vl hPl.).
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\ staining was demonsirated on the basement mcmbraxfc of the proximal tubules  with staining
also evident on the luminal membrane of these ;:eﬂs. Some fluorescence was seen intracellularly
however the exact localization of fluorescence was difficult to resolve. The collecung duct cells
stained also showed prominent basement membrane and luminal membrane staining. as with
the proximal tubules.

Using control animals, in which saline alone had been injected. some autofluorescence
was seen in the cortical proximal tubules, which made interpretation of FITC-PNA
micrographs difficult. Limitations were also expressed as to the specific nature of the
fluorescent pattern seen in the kidneys, due to the inability of tlus technique to distinguish
between free or PNA bound fluorescein. Because there existed the possibility that the FITC
label may dissociate tn vivo, thus indicating the presence of free fluorescein the kidney. a new
technique was developed using immunoperoxidase staining of kidney sections following 1.v.

PNA administration. ! -

Following preliminary studies to determine the appropriate dose required for adequate
staining, and the fixing and staining method most suitable for the visualization of PNA in the
kidney, a study was undertaken in mice, rabbits and dogs using this technique. Animals were
sacrificed between 10 min-24 h after the i.v. administration of 10 ug PNA in CBA/CAJ mice,
300 ug PNA in NZW rabbits and 500 ug PNA in mongrel dogs.

The staining pattern determined showed marked similarities to t'he‘fluoresccin results
previously determined, except that control kidneys did not demonstrate significant background

. staining (Figs. 4.'13,14,15). PNA was almostbexclusively co;lfined on the basement membrane

of cortical proximal tubules and cells of the early collecting dqct, at early times P.I.
Internalized staining was demon;uated within the préximal tubules , as well as some luminal
membrane staining, which became more evident at later times P.1. Staininé intensity was nc;iéd

to diminish in all sections with time, however the relative staining intensity between cortical and

medullary cellé remained constant throughout the 24 h study..
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The stamm@ patiern demonstrated was very similar in mice. rabbits, and dogs. with the
proximal tubular basement membrane the most highly s}amcd structure. The collecting duct
cells stained in mice v;crc also marked 1n rabbits and dogs, however the relauve intensity of
staining was diminished in the dogs, while in rabbits these cells appeared slightly more
predominant. Again, internalized staining was seen within the proximal tubules, and lumix}al
membrane staining was evident in all species studied. ‘ -

Major differences exist in the PNA staining patiern seen in mouse, rabbit and dog
kidney sections when PNA is used as a histological agent, as opposed to/that seen following 1v
injection of PNA . In mice, the luminal membranes of proximal tubule3. distal tubules. and

collc'ctfng duct are the most predominantly stained structures, when PNA is agplicd to fixed
sections****?’ Staining has also been noted in the glor;erulus_ as well as 10 segments of the loop
of Henle. In rabbits, LeHir er al*>"™*’* have documcmed stajning to the luminal mf:mbrane of
disu;al tubules, as well as intense interaction with collecting duct cells thought 1o bé\thg
intercalated cells. In the dog the luminal membrane of distal tui;ules interacts with PNA, \avhilc;
little staining is seen in other poru'ons_ of the nephron***. . ° R |
The delivery of PNA to the kidney via the renal bl;)od supply results in a diff ;rcht

staining pattern to that seen when PNA is incubated with fixed sections or perfused into

a
Y

isolated nephrons. Bécause the lumin.al structures are protected from interacting directly with
PNA in plasma, these structures are not stained as predominantly as that seen in section. PNA
delivery is limited initially to the basement membranes of the glomerulus, tubules andfcollécting
ducts, with only those in the proximal tubules and collecting duct displaying'sclcct.i\:e staining.
inuacellular PNA is demonstrated, indicating that PNA is actively transported into the tL;b,ular

cell, and faint luminal staining is only evident after PNA has been transported to the lumen.

43.3 Prbposed proximal tubular transport mechanism for PNA.
In view of the results determined in the above animal studies, it is clear that a unique

transport mechanism is involved in the renal excretion of PNA. The immunoperoxidase studies
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have revealed that the basement membrane of proximal ;ubules 1s largely responsible for the
removal of PNA from the blood coﬁlpartmcn[. and further, that intracetlular PNA can be
dentified in these cells. The idenufication of functionally intact PNA 1n the unine of dogs
indicates that a significant proportion of the injected dose is excreted intact, while there 15 also
evidence for some degradation of the protein during excreuon. The rate of renal accumulation
can be inhibited by D-galactose, a specific ix'mibit\or of the PNA:T-F anugen interacuon. [t
appears that there exists T-F antigen or 'T-F anﬁgen-likc' receptors on the basement
mgmbranc of mouse, rabbit and dog proximal tubular basement membranes, and that following
- the tn vivo interaction with PNA, the receptor is internalized. and ultimately excreted into the
lumen of the nephron. The rate f this transport is kinetically consistent within a single strain
“of mice, but may vary between strain, or between species.

Because PNA i‘s an acidic protein {pl =5.95) of high molecular weight (110.000

daltons)**? it is unlikely that it would be filtered by the glomerulus”",‘?This 1s confirmed by the
absence of staining in the giomérulus, sc:?n in the immunoperoxidase -stained kidney sections
f ol]ov'ving i."v..iadrriinisua'uyon_ bf RNA . It is also unlikely to be passively transported from the
pcﬁtubular capillaries to the lumen through the tight spaces of the tubular parenchymal cell,
due -zo‘simila‘xr molecular weight limitations'*****. The transit of PNA from the peritubular
capillari.es to the lumeg is :most adequately_ explained by an active process of transport by

” ip’roxﬁimal tubules, and to a lesser éxtent, by the intercalated cells of the collecting ducts . The

mechanism is most likely one of endocytosis/exocytosis, which may result in some degree of

-

prbteifi cﬁ:gradation althdugh éignif icant le\(cis of intact PNA are still present in the urine. This
’_rs dxagramatxcally represented in Fig 4:16.

- Receptor medxated endocytoms is a pathway by which proteins, hormones, viruses and
toxms enter chls and has been Lhe tOplc of recent review**"-*¢?. Straus*®’ mmally observed that

B several protems were mternahzed by end Osis in various segmcms of the nephron, a process

_ :whzch results in the producuon of coat vesicles“‘.,Following protein interaction with the

its are formed***, which act as sites for internalization by
pi

.
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- Eigu;cAdﬁ—-Propos;edmechanism of PNA ~transport by proximal tubular celis of mouse, rabbit
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pinocytosis*®?. Thé receptor -ligand complexes either directly form receptosomes**®, of are
transported 1o pre-existing endosomes**'. The receptor -ligand complex undergocsodissocialion
within the acidic endosomal compartment. and results in the release of free ligand. which may
undergo further catabolic degradation at the lysosome or golgi apparatus, while the receptor
may be recycled back to the plasma membrane******. This process has been identif icd in several
'ccll lines including fibroblasts, ma~crophages, hepatocytes, as well as renal tubular cells**® ***.
Other lectins, such as Con A, have been shown to be internalized via this mechanfsm“”. The
delivery time observed for the internalization and lysosomal deposition of protein is between ’
5-50 min.**!, which corrésponds to the time‘of renal transit of PNA into the bladder of all
animals studied.

The endocytotic pathway of proteins reabsorbed from the luminal membrane of
proximal tubules has been extensively studied, as r=cently reviewed by Maunsbach*’’. and is.
knownlto be the major pathway for the reabsorption of proteins from the glomerular
ultrafiltrate of the nephron. The two mz;in cellular components involvéd in the protein ublakc
by the proximal lubule;c\:ells are the endocytic vacuoles and the lysosomes. The initial binding of
protein molecules to the luminal plasma membrane induces the endocytotic process, but u'ns is
dependent on the affinity of the protein to the specific receptor. Receptors for ferritin,
albumin, hemoglobin, as well as B,-MG., have been identified on the luminal membrane of
proximal tubules***. |

While the cellt;lar uptake of proteins from thé tubular lumen is weil documented,
ben’_tﬁbular‘ uptake is more conLro-versia'l. On the basis of studies with intact kidneys it has been
Asuggested that some proteins, including insulin*¢* and B,-MG“’. can be taken ub by proximal
tubular cells £ rom the pe:itlgbulix capillary blood. Peritubular endocytotic vesicles have becn
noted in the tubules of several submammalian species‘;*"‘. however these have not been shown
to be present in large quantities in l_jigher.spedés.lThus, this mechanism appears to be of little
significance in the active transport of préteins by mammalian tubules. Our re§ults suggest that

PNA appears to be excreted by the proximal tubule in this manner, although it must be noted
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that the isolation of the receptor or the in vitro study of this process has not been undertaken to
date. Further work is warranted to characterize this process in mpre detail.

Although reabsorption of '*'I-PNA from the lumen of the nephron has not been
studied, it appears that the similarities in rates of both plasma radioactivity and renal
radioactivity following peak would suggest that this is not involved. In histological studies. the
staining intensity of all cells ‘;vas noted '[O diminish in a consistant manner, giving further
evidence for the lack of tubular rcapsorpfion. Further renal physiological studies are, however,
required to exclude reabscrption conclusively as a contributing factor in the renal handling of

PI-PNA.

A 3

4
4.4 FACTORS AFFECTING THE RENAL UPTAKE AND EXCRETION OF "*'I-PNA.
3

4.4.1 Agents prese;xt in the Circulation.
Previous studies in dogs had revealed tha't the inhibitory sugar D-galactose, reduces the '

renal binding of *’'I-PNA in dogs. A further series of experiments were subsequently

performed to determine the effect of circulating agents such as glycoproteins, antibodies, and

pharmacological agents (probenecid and furosemide) on thcvrale of renal uptake and excretion

in various animal models.

4.4.1.1 *"1-PNA :asialo GM, disaccharide renal scintigraphy in NZW ra‘bbits.

The terminal disaécha.ride of the :-GM, antigen (8-D-Gal-(1-3)-B8-GalNAc) is
a known inhibitor of PNA disaccharide binding*?¢. To determine if this disaccharide, \

" incubated wi.th 131-PNA, affected thc'reﬁal binding kinetics of the lectin, an experiment

was performed where the a--GMl disaccharide was mixed with 111-PNA (at 1:1 molar
ratio ) ‘f,or 30 min prior to the i.v. injection of the mixture into NZW rabbtsT—

No significant difference was demonstrated in any of the renal or bladder
parameters between controls or fabbits injected with l"‘I-}‘I;IA incubated with the

asialo-GM, disaccharide (Table 4.4).
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4.4.1.2 V'1-PNA renal scintigraphy in Probenecid and Furosemide tréatcd NZW rabbits.

The pharmacologically active agents probenecid and furosemide are known (0
directly effect the transport of agents in the kidney. Probenecid inhibits the secretion of
organic acids by the proximal tubules, while furosermde inhibits the reabsorption of both
Na- and C1" in-the ascending Loop of Henle*’*. The effect of therapeutic doses of
probenecid and furosemide on the renal dynamics of 'I-PNA in NZW rabbits was
determined by comparing the renal dynamics of animals pretreated with these agents 30
min prior to the i.v. injection of >'I-PNA.

No significant difference was demonstrated in the dynamic renal parameters
determined for NZW rabbi}s injected 1.p. with probenecid (10 mg/kg) 30 min prior to the
11].PNA study (Table 4.4).

Furosemide (1 mg/kg i.p.) Lreated rabbits showed a minor increase in the %
injected dose in bladder a‘l 60 min P.1., howe‘ver this was within experimental error (Table
. 4.4). All other parameters were similar to controls. The minor increase in the bladder
transit time is probz;bly due to an increase in urine flow from the kidney, due to diuresis,

or inhibition of the reabsorption of free I" in Lh; ascending Loop of Henle.

4.4.1.3 '[-PNA Renal Scintigraphy in NZW R:ibbils injected with anti-PNA 1gG.
Antibodies.

In order to determine the ef’ f ect of cxrculaung anti-PNA IgG antibodies on the
blodnstnbuuon of '1- PNA a set of expenmems were undertakcn in NZW rabbus which
were pnmed with anti-PNA IgG antibodies. Renal scintigraphy was performed 1 h
: followmg the i.v. injection of 120 ug rabbit anu -PNA IgG antibodies, and the static and -

- dynamic scintigrams were compared to control animals.

The administration of ratibit anti-PNA IgG antibody (120xg) 1v 1 h prior to the
injection of **']-PNA had a drar}ie;ﬁc effect on the whole body scintigraphic pattcm seen
with *'I-PNA(Figs. 4.17,4.18). Significant accumulation was demonstrated in the liver

(72.215.9% of injected dose at 30 min P.I., time-to-peak 12.5+2.5 min) while the spleen



122

was not visualized in the static scintiphotos. The activity visualized in the kidneys was
virtually that of background, and thus difficult to quantify with any degree of accuracy.
Because of the rapid accumulation of '*'I-PNA in the liver. in the presence of anti-PNA
antibodies. it appears that Lhe complexation 1o PNA 1s s?x:cific. These experiments do not
elucidate the mechanism or site of the complexation, this may occur in plasma, or may
occur at the liver hepatocyte membrane. It would appear from the scan findings that the
resultant PNA -antibody complex is not cleared by the Kupffer cell phagocytosis but more
likely by a specific mechanism byl either Kupffer cells or hepatocytes. Reticuloendothelial
clearance is usually associated with both spleen and liver uptake, analogoqs 10 that seen
with radiocolibids, and the absence of spienic activity may indicate specific hc‘patic
clearance in this case.

Recent studies with radiolabelled murinc‘monoclonal IgG antibodies have indicated
a mechanism of liver accumulation of injected Mab's in mice*!’. The liver accumulation is
thought to be due to binding of the Fc arm of the Mab's to a specific receptor situated on
the hepatocyte c;ll surface. The liver accumulation is not d;:monstrated with Fab or
F(ab'), fragments of the same amibody. and can be saturated by the,administration of
* carrier Mab. It is therefore plausible that the anti-PNA antibody hay localize on similar
receptors in the rabbit liver, and may bind **'I-PNA at this site following injection.
Because the receptor appears specific for the Fc portion of the antibody, the
antigen -recognizing arrn may remain biologically intact and able to bind circulating
131[.PNA at the membrane surface. It must be noted, however, that this finding is
controversial and detailed studies have ﬁot_been performed to elucidate this mechanism

-

-more fully.

4.4.1.4 ']-PNA Renal Scintigraphy in NZW Rabbits injected with Epiglycanin.
‘Peanut lectin is known to elicit strong binding to glycoproteins containing the
‘_terminal disaccharides of the T-F and a-GM, antigens®***?¢, In orde; to determine the

effect of high circﬁlating glycoprotein concentrations o the biodistribution of i"I-PNA.
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biodistribuu’on‘ and renal dynamic scintigraphy was performed in”NZW rabbits, which had
previously been injected with a large i.v. dose of the glycoprotein epiglycanin.

Epiglycanin is a large (500,000 MW ) glycoprotein compiex containing
approximately 520 O-glyc_osyl-linkcd carbohydrate chains®®’*°*_ It is derived from the
TA,-Ha ascites murine tumour line and is known to contain the immunodeterminant
disaccharides of the T-F antigen (8-D-Gal-(1-+3)-a-GalNAc)*°***. In the test-tube,
epiglycanin binds strongly to PNA, resulting in the,formation of a gelatinous material with
h'igh viscosity. This precluded our studying the biodistribution of in vitro formed
1]-PNA :epiglycanin complex, however the ia vivostudies reported appear to confirm the
strong interaction that PNA and epiglycanin produce. The prior injection of epiglycanin
(160 ug)> resulted in a significant change in the biodistribution of **'I-PNA in rabbits
‘(Figs. 4.19.4.20). The radiopharméceulical was seen (o rapidly accumulate in the liver
(approximately 60% of the injected dose was contained in the liver at 15 min P.1.) while
the lungs and spleen were also noted to contain significant amounts of [he 11-PNA. The
kidney activity was diminished in compafison to controls and this resulted in a significant
difference in the kidney/liver ratio (p<0.05). '

It is uncertain from the scintigraphic results whether this interaction occurs in
circulation, or whe , as pegtulated for and-PNA)PNA, it occurs on the surface of
hepatocytes. The main difference seen betv;een the behaviour of '*'I-PNA in the presence
of epiglycanin or anti-PNA antibodies, is the presence of lung and splenic localization.
This scan pattern would be consistent with the plasma formation of large molecular weight
complexes, which may bé§1g1thCally trapped by the capillaries of the lung field
(analogous to that of particles above 10 um when injected i.v.) and phagocytosed by the
Kupff ér cells within the liver and spleen. However the hepatocytes of the liver?** and
Valircolar macroiaﬁages c;f the lung*™ are known to contain specific Teceptors for
glycoproteins containing terminal disaccharides such as BDGal-éalNAc. and this may

result in membrane associated removal of '**]-PNA -epilycanin complex from the
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circulation.

4.4.2 Studies with asialoGM,-HSA and PNA in NZW rabbits and TA,-Ha tumour-bearing
CBA/CAJ and CAF1/J mice.

Based on previous liver -binding experiments*’” *™*, Ashwell and Harford™* first
identified the hepa;ocytc elimination of asialo-glycoproteins containing galactgse in the B
terminal position. It was found that the circulation times for desialated glycoproteins were
diminished in comparison to the corresponding sialated structures. Further research has also
identified other sugars, including mannose, fucose and phosphemannose, as having specific
receptors or liver lectins for their recognition and elimination from plasma’*. The presence of
these ‘specific hepatocyte receptors has been implicated in the cellular recognition of 'formgnT
asialo-glycoproteins and membrane fragments from plasma, as normal circulating structures
and celluiar élycoproteins are usually masked with N-acetyl neuraminic (sialic) acid and
consequently protected from rapid elimination. Unmasked or desialated glycoproteins have been
identified on many tumour cell lines, and hgvc been implicated as markers of tumour
aggressiveness?’**"®, and as important chemical markers in the specific mechanism of tumour
metastasis to the liver?®.

Vera et al.*'**'* have advocated using this pathway for the study of liver function, via
the use of radiolabelled asialo-glycoproteins and gamma-camera dynamic scinu'grapﬂhy. Using

"mTc labelled neogalactoalbumin (**MTc-NAG), these authors have studied the kinetics qf
liver accumulaiion asa result.of the saccharide density, and proposed a mathematical model for
the calculation of receptor affinity and heﬁadc blood - flow***.

Recent clinical studies have indicated the usefuiness of this radiopharmaceutical for
quantifying-liver perfusion and hepatic binding protein concentration in patients with
parenchymal liver disea;e and liver Lransrpla.n.t recipients****!’. We have also recently reported
the possibility of usihg radiolabelled a-GM, -HSA or T-HSA for the dynamic quantification of

hepatocyte receptor function using the models proposed by the abow}e investigators**°.



In order to further investigate the specific renal clearance of ’'[-PNA 1n ammals. and
to attempt to inhibit the renal excretion of PNA | thus hopefully enhancing tumour upta~kc of
PNA in tumour-bearing mice, studies were undertaken using asialo-GM, -HSA (a-GM,HSA
as an inhibitor of the PNA disaccharide binding site.

Asialo-GM,-HSA was synthesized in our laboratory by Dr S. Selvaraj using the
methods previously reported by Ratcliffe er af.*** and recently reported by us*’®. The analogue
of a-GM, -HSA containing four disaccﬁaride units per HSA molecule was used 1n inhibition

» studies, and was successfully iodinated with ”'I- or '’] by the iodogen method, as prevn‘ously

described.

4.42 1 Renal scintigraphy with a-GM, -HSA/"'I-PNA in NZW rabbits.

Dynamic renal scintigraphy was undertaken in NZW rabbits, as previously
(k.scribcd, with various molar ratios of a-GM,-HSA and '"'I-PNA_ as well as
1311.a-GM, -HSA controls and **![-PNA controls.

Control rabbils' (n=4), injected i.v. with 100 xg (15 MBq) of 11].3-GM, -HSA,
showed rapid liver ‘accumulau'on.of radiopharmaceutical in the livc£ (% inj. dose-at-peak
= 85.241.6%, Lime-[o-pcak. = 13.541.5 min) with insign_iﬁcam renal accumulation
during the first hour P.I. (Table 4.9, Figs. 4.21,4.22).

Dynamic renal and liver scintigraphy was performed in NZW rabbits with

131].PNA mixed with various molar concentrations of a-GM, -HSA (Table 4.9) and the %
/ W_
injected dose in kidneys, liver and bladder at 30 and 69( min P.I.\were determined, along

‘with kidncy/livex‘»'!'atios. When *»'[-PNA was in molarkxc%:l molar ratio),' no
difference was seen in the biodistribution pattern when compared to controls. Ata 1:1
1311.PNA to a-GM, -HSA molar ratio, slightly diminish'éd renal accumulation was 6bscwcd
with a concommitant rise in the liver uptake of '*'I-PNA. The kidney/liver ratio was
reduced 1o 3.1 compared to 18.6 for controls. When a-GM, -HSA was present in molar |
excess (1:2 and 1:4 '*'I-PNA:a-GM,-HSA), there was a significant change in |

biodistribution pattern resembling the scintigraphic distribution of **'I-a-GM,-HSA. Th

: .
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R TOITHAL

Figure 4.2] Static scintigram of **'1-a-GM, -HSA in a NZW rabbit (60min. P.1.).
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Figure 4.22 Dynamic Liver Activity/time curve following the administration of

1]-2-GM, -HSA in a NZW rabbit (0-60 min P.1.).
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1.2 mixture showed a mixed pattern. indicaung significant but incomplete complexauon of
11 .PNA 10 a-GM, -HSA . while the 1:4 muxture appeared to result in complexation of the
total amount of **'I-PNA . This change 1n biological behaviour of *’!]-PNA in the presence
of a-GM, -HSA 1s further demonstrated 1n the stauic scinuigraphic images obtained at 1 h
Pl (Fig4.23).

As PNA contains four binding sites per molecule for the
B-D-Gal-(1-+3)-B8-GalNAc disacchandé restdue’’?, and the a-GM, -HSA used in these
experiments has an average of four disacchatide residues per molecule, it would be
expected that a 1:1 molar ra;jo would result in the complete binding of **'I-PNA 1o the
a-GM,-HSA. However, it is evident from our results that an excess of a-GM,-HSA (1:4)
1s required to complex all the PNA. This m<ary be due 1o weak binding of PNA to the
glycosylated HSA derivative, or significant loss of binding in vivo. The weak sugar-binding
capacity to the disaccharide residue is supported by the previous f indiﬁg that the presence
of the 8-D-Gal-(1+3)-B8-GalNAc disaccharide did not sign}f%g\a_mly ;lter the scintigraphic
localization of *'I-PNA in rabbits at a molar ratio of 1:1 disaccharide to ;”I-PNA. I
appears that there is some increased stability of the PNA binding to the protei.h-con jugated

disaccharide in comparison to the free sugar, and this may be due 10 fhe extended binding

site proposed for PNA, which infers higher stability?*.

4.4.2.2'"-PNA and ”’I‘asialo-GM;éﬁ_SA dual isotope biodistribution studies in CAF1/]

A

mice bearing s.c. TA,-Ha tumours.
In order to determine if altering the renal excretion rate of '*'I-PNA wouild result

in a significant inércasc in the tumour localization of !**I-PNA i;x CAF1/] mice bearing

s.c. TA,-Ha tumours, a series of experiments were completLd using !**I labelled

a-GM, -HSA as an inhibitor of 1].PNA renal excretion. During previous experimenis in

rabbits we had detcrmin?s{that 11]-PNA mixed thh a-GM, -HSA ‘at a molar ratio of 1:2

~

had caused an intermediate shift in the biodistribution when com;;ared to contros,Renal

* excretion was diminished, but not totally at the expense of liver accumulation (as seen with ,

A
\{v
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the 1:4 molar ratio mixture). 2

As a result of these observations, a dual isotope biodistribution study was
performed in TA;-Ha tumour bearing CAF1/J mice with 1IM].PNA and !*’l-a-GM, -HSA
at molar ratios of 4:1 and 1:2, along with controls of both '’'I-PNA and )
"’l-a-CMl-HSA. The animals were sacrificed at various times P.I (30 min-24 h) and the
% injected dose/g tissuewas ¢ompared for all major organs (Fig 4.24) (see Appendices
2-10 for full biodistribution data).

AI/}O mun P l. there.was a significant increase in liver and splenic uptake of the
4:1 mixture, while diminished accumulation wa\s‘\noted in stomach, salivary and tumour
tissue when compared .to controls receiving only x"’I-PNA (Table 4.10, p<<0.05). At 24 h.
P.1. the liver and splenic increase in activity was again noted, along with a significant
increase in the amount of dose remaining in the lungs (Table 4.11). .

For the 1:2 molar ratio, a significant elevation in blooa, liver spleen and whole
boclly (as seen in the remaining carcass) activity was demonstrated over controls at 30 m-in
P1. (Table 4.10, p< 0.05). The elevated blood, liver‘,' epleen and carcass activity remained
at24h P.I., alorfﬁvith significant increases in GIT, renal and tumour activity (Table
4.11). The_ increas'e in live’f. splenic and lung activity at all times P.1. with both Lhe 4:1 and
1:2 molar rauo rmxtures most likely reflects the f ormauon of large molecular wexght :

' .complexes Wthh are trapped by the cells of the RES in lxver and spleen and by caplllanes
, ‘m the lungs This increase is more evxdent with the 1:2 mixture, which also shows elevated
blood levels of mI PNA at all times P e Although the tumour levels of 11-PNA in the

'

1:2 mixture are about twice that of controls, 4when,}the tumour/blood rauos are compared |
there is noWreneef Tom eomrols. Allhough the complexation of ‘m
wnh a-GM;- HSA results in dmmsbed excreuon f fom plasma, it dogs little to enha.nce the

~ tumour upLake of mI PNA Perhaps thls is not surpnsmg, since by reacting the PNA with
the glycosylated HSA analogue we have in ef fect reduced the number of T-F antigen

Y bmdmg sites on the PNA, and consequently. unless the tumour anngen possessed a higher

-
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Table 4.10 '] -PNA biodistribution in CAF1/J mice with s.c. TA,-Ha tumours; effect of

a-GM, -HSA on tissue uptake at 30 min P .I.

% DOSE / GRAM OF TISSUE

ORGAN CONTROL ‘n.PNA/a-GM,HSA. ' PNA/a-GM,HS A
Mean . 4 1 12
+SD. { N=5 ) ( N=6) ( Nzt )
BLOOD 747 7.39 10 18°
1.36 1.3 08}
LIVER 373 521 7 63%
0.51 047 0.49
SPLEEN 3.78 22 39° 5 g5
. 0.59 370 016
STOMACH 17.77 5.70° 1374
476 037 476
GI1T 235 231 294
0.48 - 26 0.44
KIDNEY 44.62 77 84 65.03
12.78 20.39 8.03
LUNG 4.66 6.86 5 83 :
0.54 1.64 0.38
MUSCLE 0.88 0.85 112
0.18 0.11 0.23
. . .
SALIVARIES 10.29 3.62° 12.16
2.49 3.62 3.59
TUMOUR 4.32 2.3 5.62
0,99 0.70 0.62
CARCASS 2.06 2.84 3.50°
0.47 0.34 0.65
*p < 005
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Table 4.11 *>'1 -PNA biodistribution in CAF1/] mice with s.c. TA,-Ha tumours; effect of

a-GM,-HSA on ussue uptake at 24 h. P 1.

% DOSE / GRAM OF TISSUE.

ORGAN CONTROL 1] PNA/a-GM,HS A, 1] .PNA/a-GM,H S A
Mecan ' 4 1 1 2
+SD ( N=6) { N=6) ( N=6 )
BLOOD 0.11 0.19 : 0.22*
003 005 001
LIVER 048 1.96° 352
0.0 0.23 0.27
SPLEEN 033 2.13¢ 1.89°
0.07 0.23 0.26
STOMACH 0.58 100 0.85 .
0.40 0.41 0.11
GIT. 0.10 0.18 . 0.26°
0.02 0.05 0.03
' KIDNEY t 4] 1.36 2 41° .
0.17 0.27
LUNG 0.20 0.61* 0.32
0.05 0.06 0.03
MUSCLE 003 - 0.07 0.07
0.01 0.02 0.0
SALIVARIES 1.55 . 1.82 2.15
- 095 039 - 0.28
TUMOUR 057 -0.40 . 1.14°
0.24 0.08 0.37
CARCASS 054 - 0.51 1.30°
- 0.15 0.09 ‘ 0.13 ’

* p-< 005
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binding affinity for PNA than a-GM,“HSA, an increase in tumour retention should not be

-

evident. ' /
|

Interestingly, the % injected dose/g of kidney tissue with both the 1:2 and 4:1
11].PNA-a-GM, -HSA molar ratio mixtures is elevated at between 2to 6 h. P.1. in
comparison to controls. In previous experiments in rabbits, a marked diminution was noted
in the pre-peak renal activity of **'I-PNA when presem‘with a-GM, -HSA in similar molar
ratios. In mice, it‘ appears that a-GM, -HSA does not elicit as strong an effect on the
inhibition of renal binding of PNA, nor does it have as strong an affinity for the liver at a
given molar ratio. This may be due to the rapid dissociation of the *>'I-PNA :a-GM,-HSA
complex, or the stronger affinity of the renal binding sites for PNA in the mouse.

. .

4.4.3 The Effect of Muitiple Doses of PNA on the Biodistribution,of '**I-PNA in CBA/CAJ
mice.

Studies in rabbits have indicated that the presence of circulating anti-PNA antibodies
(IgG's) elicits a pronounced effect on the biodistribution pattern of 1].PNA in viva Marked
liver accumulation was noted, indicating in vivo comp)exa’ﬁn\c\f antibody-PNA, which was
subsequently rapidly removed by the liver. In order to determine if prior exposure to i.v. PNA,
or s.c. PNA (complexed with Freund's Complete Adjuvant) had an effect on the in vivo
biodistribution pattern, '**I-PNA biodistribution studies were performed in CBA/CAJ mice
which had previously been injected i.v. with multiple doses of PNA, or with s.c.

PNA-Freund's adjuvant.
. No significant difference in 24 h tissue levels of ***I-PNA could be demonstrated in
groups of r-m'ce:which were previously exposed to 1, 2, or 3 i.v, doses of PNA (1lug) at one
week »imervals prior to the ”’1-PNA study. The liver, kidney, blood,Aspleen and lung levels of
ISL.PNA §vere not sighif icantly different in all treatment groups when compared to controls |

(Table 4.12), and there were no obvious acute immunological reactions noted in any mice to

the multiple PNA dosing regimen. , ,9 _
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In contrast, a significant change in liver, spleen and lung levels of '*’I-PNA was
observed when the animals were previously injected s.c. with 3 doses of PNA/Freund's mixture
(p < 0.05). The resultant liver to kidney ratios were elevated (Fig 4.25). and these results
appeared consistent with the production of antibodies against PNA in these animals.

Because PNA is a plant protein of non-immunological origin, it would be expected that
antibodies may be produced against PNA, with multiple exposure to the protein. We have not
been able to demonstrate changes in.biodismbution of '**I-PNA after up to three i.v.
administralibns of PNA in CBA/CAJ mice. However, when the PNA is injected s.c.. .
complexed wiAth Freund's complete adjuvant, a rise in RES-associated ”‘FI-PNA was noted. It
appears that the i.v. route of administration may kinetically protect the animals from
producing aﬁ immune response to PNA. As previously nolcd,\lhe elimination kinetics of 1.v.
PNA are rapid and this may reduce the probability of antibody production. However, when |
PNA is administered s.c. with Freund's adjuvant, the CXpOSl;rc time to the antigenic material is
prolonged, hence increasing the probability of an immune response to PNA . This is supported
by the results reported here, however anti-PNA amib_ody titres were not determined in the mice
studied. Antibody titres were, however, determined in humans exposed to multiple i.v. doses of

PNA in subsequent studies (see later results).

4.5 THE EFFECT OF RENAL CELL FUNCTION ON THE RATE OF PNA RENAL

BINDING AND EXCRETION.

4.5.1 ' I-PNA Renal Kinetics of Cis-Platinum induced Nephrotoxicity in Dogs.

Cis-platinum is known to elicit metabolic and morphological changes in the f unétion of 7
renal tubular cclls‘"°;"‘. as previously discussed. In order to study the effect of cis- platinum
induced tubular dysf unction on the rate of ”‘I-PNA renal uptake and clearance, a study iwas:

performed in dogs administered a single-cycle cis-platinum chemotherapy regimen. - 4 :

n
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11].PNA plasma and renal pharmacokinetic studies were performed on dogs both before and
following cis-platinum therapy. along with standard estimates of serum bgc,hcmxstr)g and renal
funcuon. |

Serum biochemistry revealed no significant difference in electrolyte levels pre- and
post-treatment (Table 4.13). There was an elevation in serum creatinine ( Méan 2S%h = 42.7%,
p<0.05 ) and BUN ( Mean sS% = 41.4%, p<0.05 ). while total protein was noted to drop
below normal ran‘gc in three of the four dogs post ds-plativnum treatment.

A marginal decline in ERPF ( mL.min! ) was observéd in all dogs. (/'IMcan 2S% =
20.9+11.8 %, Table 4.14 ) however did not gain statistical significance (students t-test). GFR
showed a significant reduction in all dogs from a mean of }3.74:4.53 mL .min 'to 18.27+531
mL.min ' ( Mean sS% = 46.618 9%, p<0.05). DI.PNA plasma levels were elevated in all
dqgs after cis-platinum treatment, resulu'ng in a significant reduction in plasma clearance rate
when compargd to pretreatment values ( Mean 4S% = 71.316.6%, p<0.05 ). The
pretreatment estimates showed a nafrow standard deviafion ( Mean = 16.76 £1.52 mL.min ' ).

Gamma camera -derived renal curves demonstrated no significant differences in
time-to-‘pcak estimates pre- or post- cis-platinum treatment (Table 4.15), however there was a’’ /
sign.ificam difference in the %'inj;ctcd dose-at-peak { Mean aS% = 65.81+12.7%, p<0.05 ). \
One hour bladder activity was also diminished by a sim'ilar magnitude { Mean aS% = 67.6% ).

The static scintiphotos at 1 h P.1. showed obvious differences in the renal accumulation
of 1![-PNA post-treatment (Fig. 4.26). One dog in palzticular. demonstrated a significant
change in biodistribution, resulting in localization of !*'I-PNA predominantly in the liver.

Renal accumulation was not evident and thus renal uptake parameters were difficult to assess.
This animal showed the most severe signs of renal tubular toxicity as determined by
histopathology. One plausible'explanau'on for this is that under severe toxicity the tubular
receptdr antigen may be shed from the basement’ membrane and be teleased into the dog's

circulation system. !*'I-PNA interaction may occur with this circulating antigen, resulting in

the formation of a large molecular weight complex, which is subsequently removed by the liver.
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Evidence for this explanation 1s supported by the fact that high utres of serum T-F anugen .
were noted in this dog by ELISA assay . Only munor to moderate degrees of tubular toxicity
were noted in Lhé remaining dogs by histological examination. *'I-PNA renal uptake was noted
in the remaining dogs, however this was diminished in all cases. in companson to theur
pretreatment scintigrams. |
In all cases, the degree of reduction of the tubular function following cis-platinum

ureatment, {as determined by *>'}-PNA plasma clearance and renal uprake ). was significantly
greater than that predicted by methods which estimate giomerular function ( serum creaunine,
GFR ). The mean change of serum creatinine post-treatment ( aS% =42 7%-) and
#*MTc-DTPA GFR ( 85%=46.6% ) were of similar magnitude, however the mean *’'I-PNA
clearance ( aS%=71.3% ) was statistically different ( p<0.05 ). A similar staustical difference
,was demonstrated with *'1-PNA renogram-derived % injected dose-at-peak ( aS% = 65 8% )
‘and % injected do;e in bladder at 1 h P.1. ( aS%=67.6%, p<0.05).

Cis-platinum is known to cause dose-dependent toxicity to the kidneys in animals and
humans“"“_‘,.and this nephrotoxicity has been reported as being the major dose-limiting factor
in the treatment of patiénts with cis-plali(n:um in a wide variety of neoplastic diseases*’ ?**. The
mechanism of toxici_[y to the kidney has been shown to be predominantly tubular although
glomerular alterations‘n;z‘ly be demonstrated as a consequence-of this?*¢. Glomerular function
may, however, remain essentially normal in spite of demonstrable tubular toxicity?®®, and
therefore renal function estimations utilizing glomerular mcch:misrris of quantitation, such as
GFR, serum creatinine and creatinine clearance, may be insenﬁ;ive for detecting early tubular
:toxicity. Because of the predominant tubular to,qu'ty, cié-platinum is qlso ﬁsef ul for study{ng
specific tubular toxicity in animal models. -

By altclling fhe metabolic function of rehal tubules by éis-platinum therapy, a dramatic
reduction in the renal uptake and clearance of *!I-PNA was observed in the above expcriniept.
Reduced affinity for the basement membrane of the tubules was QbserQed indicating either a

reduction in the number of receptor sites present on the cell membrane or chemical alteration

.



145

(driaoway) wnungd 9> fuiacgio) sBop Ul | 4 Y | swBuus yNd [, (BUIW RIBIS 97 y sindiy

T

NOLLONNASAG ¥YINGNL FWAALS = O NOLLONNASAQ ¥v1NENL dTIN = 4@ : TYWION = ¥

= 12 4S04 : ~ N HMId-S1D 3ad
T NTERE mNs- L N weS M4 - T




146

of the 'gl'yCOprotein receptor by cis-platinum. The degree of inhibition could neither be

-

predicted by the concommitant monitoring of renal hemodynamics ( ERPF ), ot glomerular
* function ( GFR, serum creatinine ).

The plasma clearance and renal uptake (slope-to-peak) can be readily quantified by
standard plasma pharmacokinet/c modelling and dynamic scintigrapny, allowing comparative
estimates of ''[-PNA clearance-toroe performed. Renal scintigraphy. however, seems
prefcrable due to the finding of j'alccumulation with severe toxicity. Because of this change
in biodistribution, monitoring of plasma pharmacokinetics alone may not accurately

-

demonsuate the severity of wbular dysfunction. o

d.S.Z;”’I—P'NA Renal kinetics in Patients undergoing Cis-Platinum chemotherapy.
Enco‘uraged by the apparent sensitivity of **'I-PNA to detect changes in tubular -~

‘function in dogs tieated with cis-platinum, a prospective clinical trial was initiated in

conscnting patients who were to be treated with Cisj p/lzg.irfﬁ’m as part of their _cnemvotherapy‘

régxme All patients were informed of the mvestigatory nature of the study and had known

neoplastxc disease, documented by conventional radlology or nuclear medicing techmques

- N Prior' to thMf of chemotherapy, each patient was cﬂalli;nged with a s.c.

dose ci PN(\ to determine the presence of tissue-type sensitivity to PNA, and serum anti-PNA -

‘1gG, Igyi and IgE titres were determmed by ELISA assay. Each pauent also received full

. biochemical and renal function (creatimne clearance) workup a d a baselme I-PNA

‘ '-dynamic renogram study was perf ormed. as previously descri Following each second course

of cli'emothgrapy. the patient was reinvestigated for PNA sensitivity', anti-PNA titres, serum
'biochexmstry, renal funcuon ‘and ”‘I PNA renal uptake .

S

/Of the seven pauemﬁtudled to date (16 administrations of *>'1-PNA) no patient has

__evidence of tissne-type hypetsénsitivity has been absent (5 patients following 2 doses of
11].PNA, 2 patients f ollowing 3 doses of "'}-PNA), nor have elevated titres of circulatin@‘

L)

it 3

e
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v anti-f:NA IgG. 1gM., or IgE been demonstrated in any patient during Uégstudy period (Table
4.16). ) |
Difficulties arose with the quantitative analysis of the renal uptake of '’*I-PNA in all
patients. Initially, renal curves derived from ROI analysis, wFré fitted to an exponential
equation ( A = Ayl - e *T ] )and both the activity-at peak and 1} uptake
determined from the curves from each kidney. It was found, however, that the values derived

from these curves were critically dependent on the selection of the baci&ground ROI, resulting in
wide discrepancies of each parameter depending on where the region of interest was drawn.
This stems from the fact that the peak activity estimates were calculated by the model from the
renal curves thch, at best: only described about half of the uptake curve for each kidney. In
order 1o derive a parametet, which would decribe the acquired curve alone, and be less reliant
on the subjective selection of ROIs, the renal curves were reanalyzed using a quadratic equation
.( A = ax + bx? ). This model allows th(; cz\xl\cixlation of the initial slope of the curve (a), which

. 7y

was further corrected to an in vivo radioactivity@ﬁime measurement calculated from the

‘rel’ationship of injected &ose (in MBq ) to.volurﬁe of distribution ( Vd ), determined from
plasma sampling. The lump constant ( k_Bq/mL). was used to normalize each renal slope (in
coums/min/pixel)\ to an in vitro determined concentration of "*[-PNA within the plasma.

| In all pz_ltiemé studied to date, serum creatinine and creatinine clearance have remained
within normal range, following up to four courses of éis-platinum (Table 4.16).. Evidence of
r‘enal toxicity has ﬁot been demonstrated in any patients using tf:e chemotherapy régimes used

R
for the treatment of these tumours.

Analysi\s;' of the plasfna clearance, and renal hptake,of L.PNA fn patients has revealed
variations f 6ilowing cis-platinum therapy, although the significance o'f these f 1nd1nés is
dif ficult to interpret :dhe to thewlimited number of .patig:nts studied to date. In two f)aticnts (RS
and A.P‘.) who have received four éourses of chemotherapy, a reduction in the re;lal uptake

slope has been demonstrated (Table 4.17, Fig 4.27). A steadyvdecline from a mean'renal upfake‘

+

@ . - . e ~
~ tate of 0,339-¢ounts/min/pixel pre-treatment t0 0.223 and 0.155 counts/min/pixel following 2

" ! .
o @ o
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and 4 courses of cis-platinum were seen in repeat studies in patient R .S.. representing a change
of 55.3% in the rate of renal uptake. This change in renal function was not confirmed by
changes in creatinine clearance. Patient .A.P also demonstrated a reduction in the mean renal
uptake slope (30%) following four courses of cis-platinum, while her creatinine clearance
remained within normal limits. A further patient in the study group (E.J.) showed a decrease
(30%) in '*'1-PNA renal uptake slope following two courses of cis-platinum. Three patients
(A.G.,1S. and L.S:), however, showed increased '*'1-PNA renal uptake slopes following two
courses of cis-platinum. It appears therefore, that there is considerable variability in the renal
g
uptake of »’'I-PNA in patients with neoplastic disease, although the significance of this is
unclear ! The variation may be due to the type flnd grade of the patient’s neoplasia. the effect of
the cl?empthcrapy_ the response of the tumbur to the chemotherapy, or may be simply due to
normal vaéiations within the patient population. To date, we have not studied the renal uptake
of *]-PNA in normal patients, nor have we any studies performed in patients with
documented renal disease. It is, therefore, premature to comment on ihe segsitivity of
111-PNA renal scintigraphy in the diagnosis of tubular dysfunction.

A's would appear from our data, there is a wide variability (approximately 200%) in
patients whose creatinine clearance is within normal limits. Further studies are theréfore
. warranted to document thewariability of '*1-PNA dynamic renal scintigraphy in a wider
patient population} inciuding confrols, and to compare these results with 1I;xosc of patients with
documented renal dysfunction, as well ;; further patients with neoplasia.

Wc have not, to date, been able to substantiate the findings of significant reductions in
the rate of renal uptake of '*'I-PNA previously seen with dogs treated with cis-platinam. It
must be noted, however, that.in those experiments, renal toxicity was deliberatel& indﬁccd.
while in our human .study group, toxicity was avoided by the use of carefully controlled
treatment régimes. Our study wbuld appear to conf’ um the lack of renal toxi;ity induced by the

cis-platinum treatment régimes used in these patients.



5. CONCLUSIONS.
Pca\nut lectin can be routinely iodinated with either ***l or *'[ by thé iodogen method. The
radioiodinated maternal was adequately separated from free unreacted I by gel column
chromatography (Biogel P6-DG, 0.01 MQPBS) and the recovered protein retained its
sugar -binding specificity. as determined by a-GM, synsorb binding assay.
The iodination proé.cdurc was satisfactorily adapted for sterile production, resulting in
sterile and pyrogen-free '**I-PNA suitable for human administration.
The i.v. administration of ***I-PNA in mice resulted in rapid accumulation of '*’1-PNA in
the kidneys with excretion into the bladder at times beyond 30 min P.1. A significant
difference in the rate of renal uptake was observed in various strains of mice (AJ, c57b,
CBA/CAJ, and CAF1/]), but was consistent within a single strain.
The renal uptake of ***I-PNA at 30 min P.1. was saturable in CBA/CAJ mice, \;viith doses
in excess of 10 ug/25 g mouse, resulting in elevated blood concentrations, and diminished
kidney/blood ratios. This dose corresponded to a saturation dose of a;;proximately 400
ug/kg body Qeighl. .
The biodistribution of ***I-PNA in CBA/CAF1/] mice was not affected by the prior
injecuo;) of up to 3 i.v. doses of PNA over a one month pcriod’. The s.c. iﬁjection of PNA
complexed with Freund's Complete Adjuvant, however, had a significant effect on the
biodistribution 'of 123].PNA. This is consistent with the production of anti-PNA
antibodies. The i.v. route of administration appears to redu?:e the risk of antibody
production against PNA in CBA/CAJ mice. |
I1]-PNA dynahlic renal scintigraphy in rabbits demonstrated consistent time-to-peak and
% inj. dose-at-peak estimates in normal animals. Renal uptake was not affected by
probenecid or furosemide but was inhibited by the prior administration of anti-PNA IgG
antibodies and by the glycoprotein epiglycanin.
Asialo-GM,-HSA, cémplexed to **I-PNA in excess tﬁolar concentration, effected the

biodistribution pattern in both mice and rabbits resulting in liver accumulation of
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10.

11.

PNA-a-GM,-HSA complex. No significant enhancement of tumour uptake of
radioiodinated PNA complexed with a-GM,-HSA at 1:2 o.r 1:4 molar rauos, was noted in
mice with s.c. TA,-Ha tumours.

Dynamic *’'I-PNA renal scintigraphy ignprmal dogs revealed consistent tme-to- peak and
% inj. dose;at-peak estimates, as determined from ROI analysis. Plasrﬁa}harmacokmcm
analysis Tevealed a rapid clearance of protein-bound radioactivity from the blood following
i.v. injection. The initial clearance (<2 h P.1.) appears due to the renal accumulau’or; of
1311.PNA ., however at later times P.I., the deiodination of IB]-PNA, and subsequent {ree
iodide levels in plasma, complicates the quantitative determination of clearance. Both the
renal uptake and plasma clearance estimates appcér reproducible in normal dpgs.
Histological examination of kidney séctions following the i_v. adminisiration of PNA and
FITC PNA revealed accumulation of the protein, predommemly by comcal proxnmal
tubules, although some staining was noted in medullary tubulcs adjacent to the collecting
ducts, in mice, Tabbits and dogs. No glomer’ular accumulation of PNA was noted in any of
the specieé studieci. The protein was initially demonstrated on the basement membrane of
the tubular cells (<3 h P.1.), while a\\{-l;ater time points, intraceilular protein was evident,

together with lixminal staining. It appears that intact PNA is secreted from the peritubular

capillaries to the lumen by the proximal tubules. This process appears 10 be an active

process, initiated by the bind'ing of PNAwT-F antigehllike receptors on the baserx;ent
membrane of the proximal tubl,ges. The binding of PNA to the receptors can be inhibited
by the infusion of D-galactose. ] =

The induction of tubular dysfunction in dogs by cis-platinum administration had a
significant ef fect on the plasma clearance and renal uptaké of '[-PNA. At comparable
human doses of cis-platinum, ""I-PNA rexllaI uptgxke was diminished by 65.8+£12.7%,
while ERPF, GFR, and serum creatinine'diminished by‘a l-.esscr‘ degree (209t 11.8%,
46.'.6ﬂ: 8.9%, and 42.715.7% respectively). | “ ‘

11].PNA renal studies in humans revealed similar % inj. dose-at-peak estimates to dogs
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and rabbits (20.2+ 1 8%) although the ume-t0-peak was extended (o approximately 90 min
P 1. in patients with normal renal function.

Sequential '*'1-PNA renal scintigraphy tn patients undergoing cis-plaunum chemotherapy
has not revealed any acute or chronic toxicity following up to three repeated doses of
11]-PNA. Circulating anti-PNA IgG, IgM or IgE antibodies have not been detected in

any patient following multiple i.v. administrations of '*'I-PNA. Variations have been
noted in the rate of renal accumulation of ***I-PNA in patients with neoplastic disease, but
with otherwise normal renal function (Creatinine ‘clcarance). The significance of these

findings is uncertain at present and warrants further investigation.
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7. APPENDICES
ARPENDIX I*

Preparation of "M Tc-DTPA

1. Dissolve 100 mg Diethylene triamine penta acetic acid (Sigma Chemical Co., St Louis,
Mo) ahd.2 mg Stannous chloride in 10 mL of 0:1 N HCI. .

"2.  Heat at 90-100°C for 15 min, cool, and make up to 100 mL with Watet for Injection.

3. Adjust pH to 7 with 1 N NaOH and purge with N, for 15 min.

4, Dispénsc 2 mL aliquots-into sterile 10 mL vials through a 0.22 xm Sterile Millex-SA filter,
using aseptic technique. ‘

-

5. Freeze solutions at 4°C until used.

6. Recenstitute thawed solution with **MTcO; solution to the appropriate specific activity and
deterrhine radiochemical purity using ITLC-SG chromatography with Acetone as solvent.

< [y

7. Use within 2 h after reconstitution. ‘ - - \’
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