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Technetium labeled autologous polyclonal immunoglobulin G 

(lgG) f or scintigraphy of inflammation 

Nataša V Budihna, Silvester Kladnik, Tomaž Benulič 1, Metka Milčinski 
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Backgrowul: Radiolaheled he!erologous polyclonal hu111an ga111111a g/olmlins (HIG) have been used Jc;r 
detec/ion <J i11fla11111w1ion. A11tologo11s i111111w10g/olmlins have been succes,\fidly used _fr;r deiection o/ i11f/w11-
mation in animals. 
Aim of our study was to assess feasihility <!f" directly labeled cuttologous lgG, separated fiwn patients' sera, 
for imaging <i it(/ection. 
Methods: (lllfologous lgG were sep(lrct/ed fim11 patients' sera using fc1st protein liquid chromatography 
( FPLC) and directly mdiolaheled with """'Te. Pfwwr scintigraphy was perfcmned in 18 patients with 
suspected i11fla111111([/ion. 
Results: sensitivity c!f" wt10/ogo11s lgG scintigraphy was 66 % and spec!ftcity 80% when compared ,vith other 
investigations and Jtnal diagnosis. 
Conc/11sion: The 111ethod seems promising fbr detection c!f" i11fla111111atio11 although st11die.1· comparing radio­
/(lbeled (ll(/O/ogo11s lgG co111p(lred to heterologous are necessan• to prove superiority ()l either 111ethod. 

Key words: autologous lgG, Tc-labeled scintigraphy of inllammation - radionuclide imaging; lgG - diagnos­
tic use; technetium - diagnostic use 

Introduction 

Radiolabeled heterologous polyclonal human gam­
ma globulins (HIG) have been used severa! years 
for detection of intlammation 1--1 and accuracy to 
detect infection is excellent in selecte<l patients.5

Uptake of IgG in some tumors was shown as well.2

HIG are easy to prepare and tlms useful for routine 
clinical work although ra<liolabele<l leukocytes are 
superior in the <liagnosis of focal purulent <lisease.'' 
Distribution of various HIG preparations in vivo 
<loes not always follow i<lentical pattern, as shown 
in baboon experiments. Louw et al. believe that it 
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<lepen<ls on <legree of damage of commercially 
available lgG cause<l <luring the preparation.7

Dormehl an<l coworkers8 showe<l foci of inllam­
mation with autologous labeled lgG in baboon ex­
periments. They consi<ler autologous lgG most clo­
sely relate<l to intact lgG. Labeled autologous lgG 
are even less likely to cause allergic reaction in 
recipient than the heterologous ones an<l could there­
fore be useful for repeated investigations in humans. 

Aim of our study was to evaluate the feasibility 
an<l possible contribution of autologous IgG, sepa­
rate<l with rast protein liquid chromatography 
(FPLC) an<l direclly labele<l with 99"'Tc, for scintig­
raphy in patients with inflammation. 

Patients mul methods

Separation of Ig G 

Five to 10 ml of patient's bloo<l were with<lrawn 
and serum was separate<l. Serum was exposed to 
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0.3 % sodium cholate (Merek) for 24 hours before 
further manipulation to prevent contamination of 
the chromatographic system.'1 

For separation of Ig from the serum, 3.0 ml of 
serum were precipitated with 3.0 ml of cold saturat­
ed ammonium sulfate solution. The resulting sus­
pension was incubated and mixed during next 30 
minutes. Centrifugation at 2000 g and 4° C for I 5 
minutes followed. The supernatant was discarded 
and the precipitate redissolved in 1.0 ml of 0.15 
Mol/L and pH 6.5 phosphate buffer. The resulting 
solution was precipitated with 1.0 ml of saturated 
ammonium sulfate and centril'uged under the same 
conditions again. The precipitate was redissolved in 
1.0 ml of phosphate buller and passed through a 
0.22 pm Millipore filter. 

Second step or the separation procedure was IgG

separation. The method was originally used for lgM 
isolation from human serum.10 Our modification is 
described in detail elsewhere. 11 In short, slower flow 
rate than the originally proposed resulted in im­
proved separation of lgG i'rom lgA. For this pur­
pose, FPLC using strong anion exchange column 
Mono Q HR 5/5 (Pharmacia), HPLC Gradient Pump 
2249 (LKB), ultraviolet light (UY) detector Uvi­
cord SO 251 O (LKB), Rheodyne injector, fraction 
collector RediFrac (Pharmacia) and recorder REC-
481 (Pharmacia) were used. 

Sample of 200 ml autologous Ig solution was 
used with FPLC. Following solutions were used: 
0.15 Molil phosphate buffer pH 6.5 (buffer A) and 
0.30 Molil phosphate bu!Ter pH 6.5 (buffer B). Mo-
110 Q HR 5/5 was rinsed with 20 % ethanol and 
equilibrated with bulTer A before use. First elution 
was performed with buffer A for I O minutes, the 
second elution with bulTer B for 15 minutes at flow 
rate of 0.5 ml/min. 

Different immunoglobulin classes were detected 
with measurement 01· UV absorption and separately 
eluted. lgG were detected at UV wavelength 277 
nm and at absorbancy range 1.0 AUFS (absorbance 
units full scale, as defined by manufacturer). lgG 
were eluted at the first, lgA at lhe second and Ig M 
at the third UV absorption peak. 

Confirmation of lgG was accomplished with im­
munoelectrophoresis. The first rraction of the elu­
ate, containing IgG, was collected separately and 
its total volume or approximately 0.4 ml was used 
for direct radiolabeling. 

Direct /abeling c!f' /gG with w,"Tc 

The labeling was accomplished using the method of 
Pettit 12 with stannous tartrate as reducing agent for 

perteclrnetate. lgG solution was preincubated for 20 
minutes at room temperature with 50 ml 9f 2.1 x 
]()·3 Mol/L stannous tartrate solution (Sigma) and
500-800 MBq '1<Jn'TcO, were added in a voltune as
small as possible. lncubation at 40" C for I O min­
utes followed. I 00 pl of saturated NaHCO

3 
were

added thereafter and incubated again at 40" C for 20
minutes. The solution was passed through a 0.22 pm
Millipore filter.

Qualitv contro/ 

The quality control of radiolabeled lgG was per­
formed in two systems of ascending instant thin­
layer chromatography (ITLC) using silica gel strips 
(Gelman) of I x 12 cm size. Methanol (85 %) was 
used as solvent in the first ITLC system. Free per­
technetate moved within the solvent front, while 
the radiolabeled lgG and colloidal forms of techne­
tium remained at the start. 

Silica gel strips were soaked with serum albumin 
(5 g/L), rinsed in deionized water and allowed to 
dry. They were used in the second ITLC system as 
a supporting phase while the mixture of solvents 
(C,H,OH: NH,OH: H,O in 2: 1 :5 ratio) served as a 
mob(Ie phase. The colloidal forms of technetium 
(hydrolyzed or recluced technetium) remainecl at 
the start, while the labelecl lgG and free pertech­
netate moved with the solvent's front. 

The percentage of free pertechnetate was calcu­
lated i'rom the radioactivity of the solvent's front in 
the i'irst ITLC system. The radioactivity at the start 
of the second ITLC system represented the colloi­
dal t'orms of technetium. 

The difference betwecn distribution of radioac­
tivity in the firsl and in the seconcl ITLC system 
gave the estimation of radioactivity bound to IgG. 1' 

Radiolabeled IgG was incubated in autologous 
serum at 37" C for 18 hours to test in vitro stability 
or radiolabeled autologous lgG. 

Pcaients 

The study protocol was approvcd by the national 
ethical committee. Ali patients gave informed con­
sent before entering the study. 

Eighteen nonselected patients with proven or sus­
pected infection werc included. Blood sample was 
withdrawn one day before the scintigraphic investi­
gation. 

Autologous immunoglobulins were labeled with 
technetiurn-99111 (500 - 800 MBq) on the following 
day and reinjected intravenously. Acquisition of 
scintigraphic data followed. 
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Scintigraphy 

Planar spot view scintigrams or the whole bocly 

were acquirecl in anterior ancl posterior projections 
with a large field of view gamma camera (Siemens 

Basicam), equipped with LEAP collimator and con­

nectecl to a computer (Mclntosh llfx, McLear soft­

ware for nuclear imaging), at 30 minutes, 3-6 hours 

ancl 17 hours arter intravenous injection of autolo­

gous radiolabeled IgG. 

Dala a11alysis 

Scintigrams were analyzed by two experiencecl ob­

servers, blincled to the clinical dala. The lesion to 

background uptake of 9'J"'Tc IgG was evaluatecl vis­
ually and the uptake intensities comparecl. Accu­

mulation of labeled IgG in !iver, kidneys, spleen 

and bone marrow as well as in the blood pool in the 

first phase after application was consiclerecl normal. 

The uptake in organs and tissues higher than the 

normal background was consiclered abnormal. Stu­
dies with nonconclusive accumulation in organs 
other than the normal distribution were reported as 

equivocal. Fina! decision was made by consensus 

in case of disagreement or separate reaclings of the 

t wo observers. 

The results of scintigraphy with ')'!,,'Te IgG were 
compared with fina! diagnosis and with rindings or 

all available investigations as bone scan, radio­

grams, computed tomography, ultrasound, erythro­

cyte sedimentation rale and white blood celi count. 

Scintigraphy was validated using sensitivity and 

specificity or the new method compared with the 
fina! diagnosis for ali studies. False positive or 

negative results were analy,.ed in detail. 

Results 

lgG sepamlion wul laheling 

IgG were completely separated from other immu­

noglobulins in ali sera as confirmed with chroma­

tography. The labeling e!Ticiency of isolated autol­

ogous lgG was above 95 %. Labeled 'J'i"'Tc-IgG were 
stable in vitro. Only 2.5 % of free pertechnetate and 

4.6 % of colloid was detected aftcr 18 hours' incu­

bation at 37 "C. 

Pct1ie111s 

No adverse reaction was observcd al"tcr intravenous 

application of autologous ''''"'Tc-lgG to the patients. 

Seven men and 11 wornen, in average 46 (±15.6) 
years old, ali with suspectecl inllarnmatory lesions 

were inclucled. Two patients had spondylodiscitis, 

single patients hacl discitis and paravertebral ab­

scess, cliscitis and psoas abscess, paravertebral, sus­

pected pancreatic, gluteofernoral and paranephric 

abscess. Osteomyelitis was suspectecl in four pa­
tients, pulmonary sarcoidosis in 2 and 4 patients 

were investigatecl ror suspected myocarditis (Table 

1 ). A verage duration or inflammation in patients 

(except in patients with sarcoidosis ancl myocardi­

tis) was 2.8 (± 3.1) months. Most patients were 

treated with antibiotics at the tirne of scintigraphy. 

Only 2 patients with suspected osteomyelitis, 2 with 

sarcoiclosis and 3 with myocarditis clicl not have 

antibiotic therapy. 

Eight suspected inflammatory lesions were true 

positive and 4 true negative. In one patient with 

suspected inllammation in recent bone fracture the 

lesion was false positive. False negative were 3 

lesions in patients with psoas or paravertebral ab­

scesses ancl in one patient with spondylodiscitis in 

previously irradiated area. Results of scintigraphy 

in two patients with dilatative cardiomyopathy after 

myocarditis and in one patient with sareioclosis were 

equivocal. 

Eight of 17 lessions in suspected inflammation 

were true positive, 4 were true negative, 4 were 

false positive ancl I false negative: calculated sensi­

tivity of our methocl (without the three equivocal 

cases) in cletection of inflammation is 66 % and 

specificity 80 °/o. 

Diseussion 

Detection of inriammation with heterologous poly­

clonal human gamma globulins (HIG) is well ac­

cepted. As autologous IgG are considerecl to be 

most closely related to the intact IgG,' they might 

also have more specific affinity for patient's anti­

gens than the heterologous ones and could therefore 

be suitable for investigations in humans. Radiola­

belecl autologous IgG are not likely to cause aller­

gic reaction in the recipient than heterologous poly­

clonal HIG. 

Autologous technetium labeled lgG coulcl be the­

refore useful for detection and follow-up of patients 

with inflammation or tumors without risk of immu­

nologic reactions and with low racliation exposure. 

Our study was planned to evaluate feasibility of 

autologous lgG, separated with fast protein liquicl 
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chromatography (FPLC) and directly labeled with 

"""'Te, for scintigraphy of intlammation. Modified 

tlow rate with FPLC allowed complete separation 

of IgG from other serum proteins. In vivo instabili­

ty of technetium labeled IgG was shown to be a 

problem with direct labeling via stannous ion re­

duction. 14 Hnatowich and coworkers found evidence

of in vivo transcheiation of 'l'l111Tc to cistein as a 

cause of high renal radioactivity. They also ob­

served IgG fragmentation after stannous ion reduc­

tion. Fragments can be excreted via kidneys as well. 

Our studies in vivo11 demonstrated high radioactivi­

ty in kidneys and in urinary bladder but not in the 

thyroid, what is consistent with stable binding of 

technetium. Stability of directly labeled """'fc-IgG 

complex was in our study proved in vitro. Concen­

tration of radioactivity in lesions was high enough 

to allow scintigraphic visualization of most inflam­

matory lesions in spite of shortcomings of direct 
labeling of autologous IgG with '1'1u•Tc.

The mechanism of IgG accumulation in intlam­

matory and neoplastic lesions is not entirely under­

stood. One of the most important reasons for IgG 

uptake in intlammatory lesions is increased vascu­

lar permeability and the diffusion at the site of 

intlammation." Some authors suppose that the at-, 

traction between Fc region of lgG and Fc receptors 

on the leukocytes and bacteria allows accumulation 

of labeled substances. 1"-
18 The type of immunoglobu­

lin was shown to play a role in accumulation at the 

site of inflammation.1'1

The results of scintigraphy in our patients with 

infection were comparable to the results of studies 

with heterologous technetium labeled Igo.➔-20 Au­

tologous "',."Tc-lgG are not equally successful in 

detection of ali types of intlammation. Satisfactory 

results were achieved in patients with spondylodis­

citis (Figure 1 ). The fact that labeled leucocytes 

have limitations for scintigraphy of inflammation 

in spina! region5• 12 warrants further study of this

specific application of radiolabeled '1'1111Tc-lgG. On

the other hand, because of high blood pool activi­

ties the results in patients with myocarditis and 

sarcoidosis were equivocal. False negative autolo­

gous 'l'l111Tc-lgG scintigram in paravertebral or psoas 

abscesses was the rute in our study. It was probably 

due to high background of the spine, !iver and kid­

neys in comparison with the uptake in the abscess. 

The false negative scan in spondylodiscitis in a 

patient with previously irradiated spine was proba­

bly due to low bone metabolism and lowered per­

fusion of that area. False positive uptake in a recent 

unhealed fracture and in some osteoarthritic joints 

showed the low specificity of the new method. The 

results of our study are encouraging in patients with 

spondylodiscitis. Larger group of patients should 

be studied for more reliable evaluation of sensitivi­

ty and specificity of scintigraphy with autologous 
9'1u'fc-IgG. Furthermore, tomographic teclmiques 

would improve diagnostic accuracy of our method. 

Studies comparing technetium labeled autologous 

with heterologous IgG are necessary to prove possi­

ble differences between the two methods. Newer 

direct labeling techniques12 probably have advan­

tages for scintigraphy with autologous and hetero­
logous polyclonal IgG. 

Figure l. Scintigram with autologous [gG labeled with 
technetium-99111 in a patient with discitis in the lumbar 
spine. High uptake of technetium-99111 labeled autologous 
lgG is shown in 4th and 5th lumbar ve1tebrae. 

Condusions 

The present study proves safe and feasible use of 

autologous lgG, directly labeled with technetium, 

for scintigraphy in patients. Convincing uptake of 

autologous 'l'l"'fc-IgG was shown in intlammatory 

lesions like spondylodiscitis. It is suitable for re­

peated use because there is no danger of allergic 

reaction in the recipient. The method of separation 

and labeling is to complicated to be used unselec­

tively in routine clinical practice. 
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