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ABSTRACT

The putpdse ol 1he work was 19 obiain a radioimamunoasysy 1hat would e sefficiently accurata and preciss o
prvide § auitable mesns of derarmining hurman groweh haomone (MGH] in both extractt 8nd phyrotosecel flodde for
poecrfic reirch purposts rather than for routine chinical apayy where 1ha laballed products could ba upsd B2y long =
pegnbln The only technngue found that Lould satify thess requirervnls wat polyory lamede gal sisctopharens (FAGE]
thalgh in some respects it more laboricus than other techniques By introducing some modifications to the oo el
mathod of Devls |k war pokdda with 11 cm fubes 10 1eparete the Frae tha antibody bound and tha damaged labetled
mtlpet on tha same gl The mathod baing shis o darect 1aparaiely and Indepandantly thess thres companents and to
phra & bathey canirm] ol e nnytcslly dangerous demaged  antgang furnahed pecuraté and reproducibie cunves An
examnphe of a determinaion 15 the ore on KABI Crescormon which comparsl the resdlis obtoned with 1he presant
ischnigur with 1hoas prisertesd by andther laboratory Thanks (o the method the lgbalted anhigen could by used for op
13 one month sfter which re-punfication on Sapiadex enebied the same lebelind product 10 be ad pof mably for two
more menthy Parglle w0 (s work w atudy hes been performed on the verious comganentt srgineting 16 ihld 20-ca0 bad
procitt of demaging and particuler mpoAance b basn gvan o B more precles knowisdge of the amount of
snkigen in terme of M present 0 a0 By

In satting wp this radiaimiimiunoassay teehnmus which had to be applicable to the determinatian
of human hormones [(hGH} 1n extracts and in physiolomeal fluids thera ween threa masn requiraments

1} The determmation had 1o provids accuratd and  absolute  valuet {an absolubte which 13
of course  relative to the reference laboratores wting tha same sanderd The difboulty
In achiaying thes has already laboratories using the same standard Tha difficutry this his
alraady bean mentionec! 2

2} The determmation of bound to free rato (BfF) hed to be wety pmciie ard as free Be
posuble from  misclassificateen errore dus to overlep or Incomplsts separation of the
free antigen from the antgen antibody complex and from the so-celled 'damaged
antigen  the three components pormally involved in this nasay

Raprint from Radolmmunoamsy srd Ralned Procsdurss in Madicing 1977 — Val 1 innerrstional Acombe
Emegy Agency -~ YVinna 1870
APROVADE PARA PUBLICAGAD EM JULHO/1BTA



3} Use of the labelled hormene {'2°1 HGHI hed to be prolonged as much as posslbis,
without affecting too muoch the eccuracy precision and sensitivrty, 30 that the technque
would ba less dependent on regutar stapments of *7°1 and would not invelve new
lebelling and stardardization procedurss svery week oF sacond waek

Oaly polycrylamide gel electrophoresis IPAGE) could in gur opinion satsify these regulrements
though 1t was 1 some respscts mare fabonious than ather techmgues The sample containing antigen,
antigen antibody complex and abways a certain amount of the damaqed antigen was xided In el
polymenzed on top of the separstion gel according to a modification’! of the ariginal method of
Dawis™? Separation of the free hGH {which moves ahesd clase to the tracking dye} from the complex
with tha antibody just entering the first part of the separation gel and from the damaged trapped in the
polymenzed sample g2l wes performed 1 Scm or better 11 cm gel tubes Tha gel was cut with a gal
shicer smgments 05 o 0 7cm long and the radicactivity was measured 11 a well type gamma counter
IFigure 1)
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Frigure 1 — Polyacrylzrmde Gel Electrophoresia using 11-cm Long Tubes end 5% Acrylamids Saparation
Gal (g Purfled Labellad Hormore {Incubation Slank) {bl The tama Incubated with
Antibody at a Diution of 1 10°
D = damaged antgen B = antggen bound to antsbody F = free antigen

For the first requirement the techrigue was tested on s hGH perepareton of declared
immuncactivity daterrmined (n another laboratory using the same standard (WHO hGH 1** 1APR 657217
for immunoassay] but with & different separatien techmigua For chimical use KABI Crescormon was
chosen with an ectivity (4 tUfampoule 2 1Ufrmg) that had been determined by the double-antibody
method n the KABI Laboratanias of Stockholm''! The technique presented here had two definite
advantages over ths KAB! method the possibility of u separste indepandent detection of tha three peaks
involved ilentigen, complex ard demaged sntigen) and ro nesd a secand antsbady which as alrepdy
stated could miroduce 3 factar of uncertainty in the determination it '

Beforg rumning the radioimmuncassay the same PAGE techmque was used to determine the
optimal antibody dilution for the assay the detection range and the sensivity of the method Ong of the
curves produced Py tha presamt techmgue 15 chown in Figurs 2, and results of determinations carrisd out
with it on KABI Crescormon are presented in Table |

After thiz the sxsct amount n terms of mas {picograms] of Inballed artxgen pressnt fn sach
incubation was determined undsr the prefined amay conditions Thi rimﬂlr which s seldom
mentionsd in the hteraturs but whoas importancs cannnt be overlooked'® upu:luli',r for compering
drfferant iabellings, wasz damrmmed by » mathod beted on the work of Bumn st |I“ Tha values were
than curnruml with those obtained by the method wsed by Gresmwood ot al LLIFY curve, llke the o
in Ref ws used to calcuiste the smount In plcograms of labsiled HGH that was prasant in sach
Incubation OF course the same purified hGH for the labelling {in our cass NIH AGH HS 2002 Fi had 0
ba used for the stendard curva Instead of checking the overlaping of the two curves, we used the
stongdard curve to calculste directly the smount of ‘%1 WGH presant (Figure 3}, finding this mathod

_fnora raprodutible than the one based on the momitoring of radipactivity =t ssch rtep In the labaliing



e s

A fod
a ) n % w e

] [ ITLTE

Figure 2 — Examph of Radloimmunological Determination using PAGE ax @ B-F Separstion System
For the Standwd Curws, WHO hGH 1* (AP 66/217 was used for immuncssey The two
Dilutiors Coersmpond to Experiment Mo 1 Table |

Tabls |

Redlolmmunossay Determinations on  Kabi Sessoarmon

Experiment Stuted Feund
Conent Content IUfmg
No [ngfmi) {ng/ml)
1 r g 2 BD 200
- 1000 10 60 212
2 &0 [ 212
3 640 ] ] 224
4 2Q 240 240
40 436 21?7
B0 849 210
Sverage 2135
5D 1012367
5E o478
tiducial limhs (P =0 88)
2008 — 2242




ard purdication Thowugh the syvergoe value of 54 pg per incubetion faund by this method 15 of the came
arder of magnitugs s that fyrshad By the other approsch it ik still nox in good agreemant
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Figure 3 — Determination of the Amount of %1 AGH i Terma of Mess Present in » Radiaimmune
assay Sampls The Curve was Pre-constructed umng Variows Amaunts of the same hGH that
wit used for the Labellng (X = 84 pg Averagel

Thesa results were obimned with a vary newly labailad sntigen Tha posubidity of sxtending tha
applicition of the same 1771 hGY to subsaquent assays for & cEHaIn timne without the need of & now
laballing reaction depancied mainly on the bahaviour of the damagad sntigen and on the posibihty of
avakding its intarference 1n the caleulstion of B/F Here aguin the PASE tachtiwjua proved to ba one of
the best tooly avmlable offering tha possibilty For separsting and &t the aame hma studying the
bahaviour of § certain wnknawn component

It 11 known that when a good labslled antigan has besn used for about a month or even lass
thet the damaged sntigen which in our PAGE technigue i trapped 1n the semple ool incresses. to values
fugher than 20% of the towl and crastes probderns o tha traditionsl askays |n our case the first positive
approach wad t0 Jopest tha sdmu punficat:on procedurs on Saphadex G 75 & 5 carrwed out after the
Isbaling Thi re-purfication producad sxectly the ssme peaks &1 thoss obtsined after the first passage
which wa hawve callad PI Pl PItl end PIV The dentity of only two of thesa s known for sure PlI
which i undamaged WGH end PIV which 18 undoubtadly frea wdide [Figure 4) The re-purifisd antipen
vt of coursa a1 0 higher cilution {abaut 7110 with respact to thie Fuvt passagal et this dicd not affect
the asry technique (n eny way unca the Isballed antigen was used at & much bighey dilution {1 100 o
higher] Whet was Important was that the specific ectrvity (in uCif ug of *?*1 hGH] had not changed
axcapt fur the obvicus decay of the 12%1 The capecity of binding to the antibody and consequently
the verious sy parsmeters bassd on 4 certaln antibody dilution did not change In fact, & second
purtflcation one month afer the isbelling ot the seme sntlbody dilutlon gave the seme B/F  but with &

~little sz “?¥] hGH activity n caunts/min Afier the iscond purification, tha amount of damaged
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“antigen wi nagnificant end it was still lower than 10% after two months of profisble we from
the time of s purifcation (F gure B)
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Fgure 6 - Elkctrophoratograms on PAGE of {s) PIl ore Month sfter Laballing (b) A PIl {immedately
after Re purificgtion [¢] A Pl two Months after Ae punfication

More recantly two other typss of contrals have bean introduced imo tha msay techrugue
Yopether with tha blank of laballed hGH [incubated simply with buffer and guines pig sarom and
without sntibady} a second control 12 run i which 3 large exeess of standard hGH 15 added to
the elraady pre-determmmed anttbody diluton This gaves information about the mimimum BfF we
ara working with confirmy the emount of free and displaceable '**JhGH and consequantty
raveals the presence of what has beon called vunapecific binding  This last wontrol 12 very waluable
sipacally in tha datarminstion of hGH 1 gerum and 10 the avaluation of bGH trestment and we intend
o investgate s usa more thoscuphly

Wa have racently daveloped and are sull studying 4 more systamatic approach to the problem
ot damaged amgen Tha fowr pesks (Pl P PN PEY) from the fist porificetion on Sephedax. run on
PAGE gie the results such as shown in Figure® As can be seem four slectrophoretic peaks can
appear but they do not necessarily correspond to the four Sephadex peaks Tha first one 10 the sample
gai thet haed alweys been considered the only one reprezenting damaged hGH we have called D1 The
sacond one in the pomtion of the undamaged hGH also appears, strengly anough 1n 8 prediminant
emount 1n the slectrophoretogram of Pl Later it was shown that the sncubation of P wath an excess of
antibody (1 10%) presentad, on electrophomesis practically no binding of this *fake undsmaged antigen
wherens tha incubation of Pll under the sama cenditions gave almost complste binding (Figure 7} This
lod us to call st D2 to distinguish 1t from the pure slectrophoretic peak that 8 in the teme position amd
that, conmng from PlI, 15 certamly good undemaged 7% hGH The third Sephedex peak (Pl11}, though
very tmall and practically non interfering wis comstantly found after punification and s purification
The apphcation of a large volurne of the low sctivity material gava riae to 8 third peak on PAGE which
we havs called D3 and which moved toghater with the tracking dye wharsss hGH snd D2 were ahwaye
two segmants hehind Free '7%( sppearing as PYV on Sephadax shways gave @ band on PAGE that wa
two sagmonts ahesd of the tracking dys smd Is tha onky componsnt that does not create problema In
terma of ita identrfication snd exclidon A source on uncertainty coukd howsever be the behaviowr of
different shipments of Ne 231 In fact of two lots of Na 7?1 recsived in two differsnt months one
showed a ymall peak labout 6% on the towd radicactivity} in the D1 position wheress the other like
pesk 1V of Na '**| purifisd on Sephadux did not show any redioactive component in the sample gel
{Figura 8]

A furthar characterrstic of thess fractions in that with or without purification, with o withouwt
thewing whethur stored st 4 or &t -20°C the process of damaging consistently oegurs with lberation of
free lodide The transformations of these samples with time followsd on PAGE and the lm
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taly after Labelling and two Months Liter
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“electrophoretograms obtained two months after labelling are shown tn Figure & Only P 15 unatterad

but a better determnation of (ts rate of mobility IFImI 15 neaded A quantitation of this phenomancn
for Pl gave more than S0% of the radioactwity Tiberated as free odide even two months after the
labellng

With regard to the other components one could guess that 01 s an agyregate {as has been
mentioned by several authors) and not simply '* "1 hGH bound to gamma globuling  bacause 1t woukl
enter then the separation gel as does the complex that D2 5 unclegaved but immouno mactiva antigen lar
even something cleaved but carned by albuminl and that D3 are small fragments of laballed of peptided
or armno ackds but no other test has yet besn performed n our laboratory to dentify them Only the
other contrel was done which wn fact 1= dong regularly In every assay marnely the incubation not only
of a blank of *?*1 hGH without anubody but alsc of the same amount of labellad antigen with ¥n
excess of antibody This 15 dope fo ensure that the assay s carmed out in the absence of significart

hidden L2 f such i3 pretent 1O evaluate 1t so that ity effect may be subtracted Further work

berrg done to Ty 1o better determing the moment and reason for the production of this D2 There s
saime hint that the relatively lomg Sephacex eolumn used to sceording to Cerasi et al i2) might haye
some influence ¢n its formaton

Thus reqmrement[a] of the radicimmunoassay techmigque has practically been reached throwgh
re punifigation of the lebelled antigen or by complete separation on gel of the interfering components or
by both procedures I'n this way the same lebelled preperanon has been used for up to four months and
has still given good reproducible curves

DISCUSSION

P G MALAN Have you considered incorporsting free redical inbabitors i the storage rmedium
of your labelled sarmples? In our laboratory we hove found that substances wiuch are capable of
remowing free racdhicals can protect labelled proten and peptide bormones durimg sterage for periods of
up several months 1t 15 assumed that the rodicactive decay produces free radicals which may causs
couphing via the ortho postions of two tyrosyl residues to vield a bityrosyl residua  either within the
protein or  alternatively  between different molegules which are then excluded from gel fiftration
colurmns

P BARTOLINI KMo wa did not conader this possitulity  but we would hike to tast thas type of
nhubitor In fact we are sbll i doubt whether the damagmg process 15 dus to chemcal enzymatic or
radicactive effects A positive achion of the free radwal infibeters would of course indicata the presence
of such radicals.

K von WERDEA Four years ago at the symposiom on the sarme subject held i [stambied we
reported some stodies simalar te yours At that time we described thres diffarert peaks of labelled hGH
two eluting on a Sephadex G 75 column befora '#31 hGH and the third being 1?51 hGH We found as
vou have found n one of your labelled frachons that all the labelled products — th so called damaged
hGH and perhaps the labslled big hGH — were bound by our antibady but that ths binding could not
be Inhiited or coukt b whiited only ineffachively by incrmaping dosss of unlabelled RGH This
medentally  explams the rmeduced steapness standard clrve of the larger moleculsr fractions e
incorparated v the tracar uzad for the AIA Did you mvestigats whether your largar frections which
bound ta the hGH antibody coulkd be disploted by the sddition of eold harmona?

P BARTOLINI We found only shight Bincding (perhaps 10% or lessl to antibody in the cma of
the so-called demaged fraction fram Sephadex It w only Pl {tha undamaged ?**| hGH) which binds
almost completely m the antibody while Pl binds very Datle ar the samo excess | think it would be
INteresting 10 carry out the tast you mention on thie partial binding and to ses I It s displaceabla We
have perforimed the tast on varmus cccations but only to check displacament on bownd undemaged

“Hractiom
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P VITINS We can oonfirm the appesrance of free ocide with time in radiciodinated growth
hormone  Have you followed this phanomencn to determine whether 1 linear with tims? Would you
Cafe to speculate whather the redicactivity observed is from s degradatjon product or from
noo spacifically bound 1odne which has been dissocimted from the hormone?

F BARTOLINI Wa dd not check the lineanty of this phenemenon with tims although wa

abzerved that oding relsase was continuows and increassd in fivé or ux months 1o BO% or mome of tha
totel rachoactivity

I would be surpriege to find nen specifreally bound iodie though | cannot a priori excluds this
posnibility In faet PAGE has always separated free 1odide after incubation in the presance on guinsa pg
serurm or even cold hGH carner  Moreover the relsase of ' 231 13 shways accompanied by the appesrance
of other dameged components which should not occur i the case of simple disocition of
urspeeifically bound oding
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