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Scintigraphic Diagnosis of Syphilitic Lesions in Rabbits by
Radiolabelled Monoclonal Antibodies Specific for Treponema Pallidum
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Immunoscintigraphy with radiolabelled monoclonal antibodies
has been widely used to detect solid tumours. The purpose of
this study was to investigate its potential for the specific local-
ization of syphilitic lesions. F(ab”), fragments were prepared
from murine monoclonal antibodies against Treponema palli-
dum produced in our laboratory and labelled with '*'I. Bilateral
testicular infections were created in rabbits by inoculation with
T. pallidum or Staphylococcus aureus. Seven to 10 days after
inoculation, radiolabelled antibodies were injected intrave-
nously. Serial gamma images were then taken 2 h after the
injection and at 24 h intervals thereafter. Beginning as early as
2 h post-injection, the testicles could be visualized with either
specific or non-specific antibodies. Gamma images in the mono-
clonal antibody-treated, T. pallidum-infected group persisted
up to 48 h post-injection. Lesions were not discernible from
background in the S. aureus-infected group injected with the
monoclonal antibody and the S. aureus-infected and T. palli-
dum-infected groups injected with the polyclonal antibody at
24 h post-injection or later. Therefore, due to its ability to
differentiate between specific and non-specific antibody-gener-
ated images from 24 h post-injection, immunoscintigraphy us-
ing monoclonal antibodies specific for T. pallidum may be em-
ployed as one of the methods to diagnose difficult cases of
syphilitic internal organ involvement as well as syphilis in-
fection in seronegative HIV-infected patients. Key word: Immu-
noscintigraphy.
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Since the report of tumour localization by radiolabelled anti-
bodies directed against tumour antigens in 1953 (1), the in vivo
delineation of tumour masses by the technique of “specific
imaging” has received increasing attention (2). Polyclonal or
monoclonal antibodies directed against tumour-associated or
other antigens (3-5), when labelled with either radioiodine or
indium-111 ("'In), will localize in specific sites and can be
detected by external scintigraphy with the conventional
gamma cameras. In addition to imaging tumours or vascular
diseases, the technique has recently been used for the specific
localization of certain types of infections (6, 7). Rubin et al.
(7) reported that radiolabelled murine monoclonal antibodies
directed against Fisher immunotype 1 Pseudomonas aerugi-
nosa could be used to detect sites of infection with P. aerugi-
nosa.

Although syphilis can usually be diagnosed with serologic
tests for syphilis, these tests are not useful in detecting syphi-
litic internal organ involvement, from which it is difficult to
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detect Treponema pallidum. Thus a specific and non-invasive
clinical tests that can be performed to assess the presence and
extent of syphilitic lesions is desirable.

To assess the potential of immunoscintigraphy for specific
targeting of syphilitic lesions, we have utilized a rabbit model
with testicular 7. pallidum infection and have detected syphi-
litic lesions with a radiolabelled T. pallidum-specific mono-
clonal antibody.

MATERIALS AND METHODS

Microorganisms

T. pallidum, Nichols strain, from the Center for Discase Control,
Atlanta, was used throughout the study. T. pallidum was purified
from rabbit testicular tissue by Percoll density gradient centrifugation
(7-10 days after inoculation into rabbit testicles) and 1 ml of 2-3x 10’
treponemes/ml was inoculated into both rabbit testicles to induce an
adequate inflammatory reaction. Negative control groups were in-
jected with 1 ml of suspension containing 5x10° S. aureus.
Immunoscintigraphy was performed 7-10 days after the inoculation,
when the testicles were hardened and indurated by the inflammatory
reaction. The §. aureus (ATCC 25923) was obtained from the Amer-
ican Type Culture Collection (Rockville, MD, U.S.A.).

Rabbits

Specific pathogen-free, 64 male New Zealand white rabbits weighing
2.5-3.0 kg were used for the experiments. They were housed for 2
weeks on standard diet before the experiments, and T. pallidum or
S. aureus infection was produced in 32 rabbits each. Each group was
subdivided into two groups, into which monoclonal antibody (MAb)
and polyclonal antibody (PAb) were injected.

Monoclonal antibody production

MADb was made by immunizing BALB/C mice with 7. pallidum. Their
spleen cells were fused with SP2/0 or V653 myeloma cells and the
clones secreting IgM, IgG and IgA antibodies were screened. Their
isotypes were determined using a mouse monoclonal isotyping kit
(Hyclone Lab., Utah, U.S.A.). Among the MAbs produced, an anti-
body against the 47 kDa T. pallidum protein, YS-307 (IgG2a), was
selected due to its high specificity and immunoreactivity as determined
by ELISA. For the mass production of MAb, pristane (2, 6, 10,
l4-tetramethyl pentadecane; Sigma Chem. Co., St. Louis, MO,
U.S.A.) pretreated BALB/C mice were given YS-307 clone cells in-
traperitoneally. Ascitic fluid was collected 7-14 days later. centrifuged
and the supernatant was collected (8).

Monoclonal antibody purification

A protein A-Sepharose CL-4B column, 1.0 cm x 10 ¢m, was used for
the purification of MAb. Ascitic fluid was diluted with 15 ml of Tris
buffer (pH 8.6) and passed through the column, and tubes showing an
optical density value of more than (.1 by ELISA were collected and
concentrated to 1.5 mg/ml using Centriprep-10 (Amikon Division,
Danvers, MA, U.S.A)) (8).

Fragmentation of IgG to Flab’),

1gG was digested into F(ab’), with pepsin at 37°C, pH 4.1 and pH 4.5.
At the pepsin concentration of (0.1 mg/ml, incubation times of 2, 4, 6,



Fig. 1. Scintigraphic images taken at 2 and 24 h after injection of the
radiolabelled monoclonal F(ab’), fragment in a T. pallidum-infected
rabbit. Testes (arrowheads) show increased uptake after 24 h.

8, 12, and 16 h were given to determine the optimum condition.
Digested products were purified by serial passage into the protein
A-Sepharose CL-4B column and a Sephacryl-200 column (Pharmacia
Fine Chemicals AB, Uppsala, Sweden) (9, 10).

Radioisotope labelling

F(ab"), fragments were labelled with "' (Korea Atomic Energy Re-
search Institute, Taejon, Korea) with chloramine-T. Approximately
60-70% of the "'l was labelled to yield a specific radioactivity of
1.2-3.5 mCi/mg of the antibody containing less than 3% of free iodide.
Rabbit anti-human F(ab'), specific for y-chains (Dako Immunochem-
icals Inc., Copenhagen, Denmark) was labelled by the same method
and used as PAb for control against YS-307.

Scintigraphy

Rabbits infected with T. pallidum or S. aureus were intravenously
injected with 1 mCi of the radiolabelled monoclonal or polyclonal
F(ab"), fragments. Images were obtained by a standard field-of-view
gamma camera (Siemens Gammasonics, Illinois, U.S. A} at 2, 24 and
48 h after the injection. A high-energy parallel hole collimator with
the energy level of 364 KeV was used. The images of each rabbit were

S.aureus

24 hr

Fig. 2. Scintigraphic images taken at 2 and 24 h after injection of the
radiolabelled monoclonal F(ab’), fragment in a S. aureus-infected rab-
bit. Testes that were visible at 2 h post-injection (arrowhead) are not
visible after 24 h.

Fig. 3. Under conditions identical with those in Fig. 1, testes (ar-
rowheads) are still clearly visible after 48 h.

obtained for a preset time of 300 s. The ratio of radioactivity of the
lesion and the thigh area was calculated to obtain a target/background
(T/B) radioactivity ratio. Radioactivities of the target (testes) and
background (thigh muscles) were separately measured by sacrificing
the rabbits 48 h after the inoculation.

Statistical analysis

Data obtained by scintigraphy were analyzed by the Mann-Whitney or
Kruskal-Wallis tests, utilizing a SPSS/PC+ program installed in an
IBM-compatible personal computer.

RESULTS

When MAb was used, testes infected with T. pallidum and
S. aureus were clearly discernible from the surrounding tissue
at 2 h post-injection. At 24 h, T. pallidum-infected testes were
more prominent (Fig. 1), but the testes of the §. aureus-
infected gropus were not readily discernible from the sur-
rounding tissue (Fig. 2). T. pallidum-infected testes still
showed increased uptake at 48 h (Fig. 3). Both groups showed
increased uptake at 2 h when polyclonal F(ab’), was used. but
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Fig. 4. Images of a T. pallidum-infected rabbit injected with radiola-
belled polyclonal F(ab’),. Testes seen at 2 h post-injection (arrow-
head) show no uptake after 24 h.
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Fig. 5. Sequential variation in testis/background radioactivity ratio
when monoclonal antibody to T. pallidum was used. Ratios at 24 and
48 h post-injection in the 7. pallidum-infected groups were signif-
icantly higher than the ratio at 2 h post-injection. They were also
higher than those of the S. aureus-infected groups at the same time
interval. *p<<0.05 by Kruskal-Wallis test when compared with the ratio
at 2 h. *p<0.05 by Mann-Whitney test when compared with the ratio
of the S. aureus-infected group at the same time interval.

the images of the testes were not discernible from the sur-
rounding tissue even at 24 h in both groups (Fig. 4).

T/B ratios in the YS-307 injected T. pallidum- and S. au-
reus-infected groups were 1.37+0.12 and 1.23+0.08 at 2 h,
2.00£0.36 and 1.20+0.16 at 24 h, and 2.06+0.33 and
1.3320.24 at 48 h, respectively. The ratios were significantly
increased in the T. pallidum-infected groups at 24 and 48 h
when compared with those of 2 h (p<<0.05). The ratios of the
T. pallidum-infected groups at 24 h and 48 h were significantly
higher than those of the S. aureus-infected groups at the same
time interval (p=0.05) (Fig. 5). When polyclonal F(ab’), was
used, no sequential or inter-group variations were noted.

After 48-h, the rabbits of the YS-307 injected groups were
sacrificed and their testes scintigraphed. The T. pallidum-in-
fected group still showed relatively strong uptake, whereas no
radioactivity was detectable in the S. aureus-infected group
(Fig. 6). After the sacrifice, radioactivities of the testes and
thigh muscles were estimated by a Well-counter and the results
showed that the T/B ratio in the T. pallidum-infected group
was 3.2+0.52 (n=3), which is significantly higher than
1.20£0.12 (n=4) of the S. aureus-infected group (p<<0.05).

DISCUSSION

Since the advent of antibiotics, the prevalence of syphilis
throughout the world has decreased. VDRL-positive rate in
Korea has also decreased from 2.5% in 1977 to 0.4% in 1990
(11). However, partly due to the widespread use of drugs and
prostitution, syphilis prevalence in the United States has
markedly increased since 1986 (12, 13). Owing to the recent
world-wide increase in the number of drug users and the
spread of HI'V, syphilis may once again become a global health
problem.

To effectively handle the discase, more effective means of
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diagnosing the disease as well as investigating the pathogenesis
are needed. Serologic tests are the current mainstay for the
diagnosis of phyhilis, but internal organ involvement cannot
be detected by the serologic methods alone — nor is it feasible
to demonstrate the organism (14-16). Furthermore, in HIV-
infected patients, serologic diagnosis may not be possible due
to abnormal humoral immune response (17).

Immunoscintigraphy was first introduced to diagnose osteo-
genic sarcoma (1), using intact antibody to tumour cells. Only
recently has it been used for the external detection of in-
fectious diseases (6, 7). In contrast to the intact antibodies
used in the previous studies, F(ab’), or Fab fragments are more
readily accumulated in the target tumours and excreted more
rapidly from the blood and thus the background activity can be
reduced. Non-specific accumulation in the liver can also be
reduced (18-20). We have prepared F(ab’), fragments from
MAD specific for T. pallidum by pepsin digestion to eliminate
the possibility of non-specific binding of the intact immunoglo-
bulin to the Fc receptors on the neutrophils or macrophages in
the infection foci. Pepsin digestion was also intended to reduce
the background activity.

Rubin et al. (7) applied immunoscintigraphy for the external
detection of Pseudomonas aeruginosa infection. When radio-
labelled P. aeruginosa-specific MAb was injected. the images
were clearly discernible from the group injected with radiola-
belled non-specific antibody from 72 h after injection. In our
experiments, the T. pallidum-infected group given YS-307
showed adequate contrast with the surrounding tissue from 2
to 48 h after injection. The group infected with S. aureus and
given YS-307 and the groups infected with 7. pallidum and
S. aureus and given PAb showed adequate contrast with the
surrounding tissue at 2 h, but the contrast was gone at 24 h.
Therefore, the results between specific and non-specific anti-
bodies were readily differcntiated from 24 h after the injec-
tion. The reason for this discrepancy is probably due to the use
of intact immunoglobulin by Rubin et al. (7). The excretion of
intact immunoglobulin is protracted due to its longer half-life
as compared to F(ab’), or Fab fragments (21).

Fig. 6. Extracted testes 48 h post-injection. No radioactivity is seen in
the S. aureus-infected group in contrast to the 7. pallidum-infected
group. T: T. pallidum-infected testes. S: 5. aureus-infected testes.



We consider that F(ab’), fragments of the YS-307, the MAD
against T. pallidum, can be utilized for immunoscintigraphy to

detect internal syphilitic involvement, although further eval-
uation in human syphilis patients matched with actual demon-
stration of 7. pallidum is required for diagnostic as well as
investigative purposes.

ACKNOWLEDGEMENTS

This work was supported by a grant from the Korea Science and
Engineering Foundation (91-1207-001-1). We would like to thank Mr.
Nam Soo Chang for his excellent support in the laboratory work and
Mr. Jung Woon Chang, Mr. Yong Sik Jung, Mr. Chang Ho Lee, and
Mr. Chang Ho Kim for their support and endurance in taking the
serial gamma images.

REFERENCES

1. Pressman D, Korngold L. The in vivo localization of anti-Wagner
osteogenic sarcoma antibody. Cancer 1953; 6: 619-623.

2. Goldenberg DM, DeLand F, Kim E, et al. Use of radiolabelled
antibodies to carcinoembryonic antigen for detection and local-
ization of diverse cancers by external photoscanning. N Engl J
Med 1978; 298: 1384-1388.

3. Hellstrom I, Garrigues HIJ, Cabasco L, Mosely GH, Brown JP,
Hellstrém KE. Studies of a high molecular weight human melan-
oma-associated antigen. J Immunol 1983; 130: 1467-1472,

4. Koblik PD, DeNardo G, Berger HJ. Current status of immu-
noscintigraphy in the detection of thrombosis and thromboembo-
lism. Semin Nucl Med 1987; 15: 221-237.

5. Lehtovirta P, Kairemo KJ, Liewendahl K, Seppala M. Immuno-
lymphoscintigraphy and immunoscintigraphy of ovarian and fallo-
pian tube cancer using F(ab’), fragments of monoclonal antibody
OC 125. Cancer Res 1983; 50: 937s-940s.

6. Calame W, Feitsma HI, Ensing GJ. Detection of a local staphylo-
coccal infection in mice with technetium-99m-labelled polyclonal
human immunoglobulin. J Nucl Med 1991; 32: 468-474.

7. Rubin RH. Young LS, Hansen WP, et al. Specific and nonspecific
imaging of localized Fisher immunotype 1 Pseudomonas aerugi-
nosa infection with radiolabelled monoclonal antibody. J Nucl
Med 1988; 29: 651-656.

10.

12.

13.

14.

16.

17.

18.

19.

20.

21.

Immunoscintigraphy for syphilis 279

. Whang KK, Lee MG, Lew W, Lee JB. Production and character-

ization of monoclonal antibodies to Treponema pallidum. ) Der-
matol Sci 1992; 4: 26-32.

. Lamoyi E, Nisonoff A. Preparation of F(ab’), fragments from

mouse IgG of various subclasses. J Immunol Methods 1983; 56:
235-243.

Parham P. On the fragmentation of monoclonal 1gG1, IgG2a, and
IgG2b from BALB/C mice. J Immunol 1983; 131: 2895-2902.

. Lee JB, Byeon SW, Chung KY, Whang KK, Lee MG. Syphilis

prevalence is rapidly decreasing in South Korea. Genitourin Med
1992; 68: 60.

Farley TA, Hadler JL, Gunn RA. The syphilis epidemic in Con-
necticut: relationship to drug use and prostitution. Sex Transm Dis
1990; 17: 163-168.

Leads from the MMWR-continuous increase in infectious syphilis-
United States. JAMA 1988; 259: 975-977.

Chung KY, Lee MG, Chon CY, Lee JB. Syphilitic gastritis.
Demonstration of Treponema pallidum by FTA-ABS complement
and immunoperoxidase stains. ] Am Acad Dermatol 1989; 21:
183-185.

. Lee MG. Miiller F. Demonstration of specific IgM antibodies to

Treponema pallidum in human syphilis and their decrease after
penicillin treatment. Korean Journal of Dermatology 1985: 23:
752-758.

Lee JB, Farshy CE. Hunter EF, Hambie EA, Wobig GH, Larsen
SA. Detection of specific [gM antibodies in the cerebrospinal fluid
from syphilis patients by a microenzyme-linked immunosorbent
assay. J Clin Microbiol 1986; 24: 736-740.

Hicks CB, Benson PM, Lupton GP, Tramont EC. Seronegative
secondary syphilis in a patient infected with the human immuno-
deficiency virus (HIV) with Kaposi sarcoma. Ann Intern Med
1987; 107: 492-495.

Larson SM. Radiolabelled monoclonal anti-tumour antibodies in
diagnosis and therapy. J Nucl Med 1985; 26: 538-545.

Wahl RL, Parker CW, Philpott GW. Improved radioimaging and
tumour localization with monoclonal F(ab’),. T Nucl Med 1983;
24: 316-325.

Zalcherg JR. Tumour localization using radiolabelled monoclonal
antibodies. An overview. Am J Clin Oncol 1985; 8: 481-489.
Andrews SM, Perkins AC, Pimm MV, Baldwin RW. A compari-
son of iodine and indium labelled anti CEA intact antibody,
F(ab’), and Fab fragments by imaging tumour xenograft. Eur J
Nucl Med 1988; 13: 598-604.

Acta Derm Venereol (Stockh) 73





