
PEDIATRIC DENTiSTRY/Copyright@ 1983 by
]-he American Academy of Pedodontics/Vol. 5, No. 3

Immunoglobulins and complement in the chronic interradicular
lesions of the primary teeth

Andrea Anderson Berryhill, DDS
Janice Handlers, DDS
Steven E. Schonfeld, DDS, PhD

Abstract
Eleven unrestorable primary molars with

interradicular radiolucencies were extracted. The
granulation tissue was curretted from the sockets and
examined using immunofluorescence for the
immunoglobulins IgG, lgA, and IgM, and the third
component of complement. The results demonstrated
the presence of IgG in 100%, C3 in 80%, Ig~ in
54.5%, and IgM in 18.1% of the lesions.

In an attempt to describe the nature of chronic pulpal

infection, several researchers successfully have cultured
and identified bacterial strains from necrotic teeth.1-~

Similar inquiry has been made into the periapical lesions
of such infected teeth. Although the literature reports the
successful culture and identification of microorganisms
from acute abscesses,* most research has shown that
microorganisms are not found in chronic periapical
granulomas and cysts.5-~ Because these lesions may be
sterile and are not grossly infected, a nonmicrobiologic
approach to the mechanisms of periapical tissue destruc-
tion has been considered by several researchers.1°-1~

One such mechanism is the humoral immune response.
Various components involved in the humoral immune
response can contribute to tissue destruction, including
anaphylatoxins released during complement fixations, or
lysosomal enzyme release from polymorphonuclear
leukocytes (PMNs) following attachment by immune
complexes. There are several lines of evidence suggesting
the participation of immunologically mediated events in
the pathogenesis of these lesions.,7,, 8

Barns and Langeland,19 for example, sealed protein
antigens into deep dentinal cavity preparations in
monkeys and induced the production of serum antibody.
These results suggest that antigens may penetrate through
deep carious lesions and contact immunocompetent cells
leading to an immune response.

In later experiments, Morse and coworkersI~ suc-
cessfully identified immunoglobulin-producing plasma
cells in human periapical granulomas and cysts. They
demonstrated the absence of such cells in periapical scars.

More recently, Pulver and coworkersis used im-
munofluorescence techniques to demonstrate the presence
of immunologic components within periapical lesions.
They demonstrated the presence of the immunoglobulins
IgG, IgM, IgA, and IgE, and the complement protein C3
in such chronic lesions. In a similar study by Kuntz and
coworkers,,1 the presence of IgG, IgM, and IgA were
observed extracellularly, as well as within plasma cells.
IgG-containing plasma cells were most numerous.
Positive staining for C3 was found fixed to tissues, sug-
gesting an immunological role. They also found C3 bound
to circular structures (resembling blood vessels) in the
absence of any detectable antibody, suggesting alternate
pathway activation.

Endotoxin positively has been identified in periapical
lesions. Schonfeld and coworkers20 demonstrated en-
dotoxin in 15 of 20 periapical granulomas, but in only
2 of 10 noninflamed samples. These results have signifi-
cant implications in the etiology of periapical disease. It
is possible that while intact bacteria are not found in
significant numbers in the periapical tissues, bacterial pro-
ducts (such as endotoxin) are present in sufficient quan-
tities to trigger host immune mechanisms. Endotoxin, for
example, is toxic for several types of cells, including
fibroblasts, and also activates the complement cascade
via the alternate pathway.

The process of bone resorption in periapical pathosis
is multifactorial and it is evident that the humoral im-
mune response is one of these factors. The necessity of
a thorough understanding of chronic periapical disease
can be appreciated from the viewpoint of treatment.
Surely, it is advantageous to understand a disease in order
to treat it properly and predictably. There is little or no
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literature describing the immunological status of the in-
terradicular or the periapical lesions in the primary den-
tition. Since it seems reasonable for such a mechanism
to exist, it is the purpose of this research to determine
if immune components can be identified in the chronic
interradicular granulomas of the primary dentition.

Methods and Materials

Eleven unrestorable, untreated primary molars with in-
terradicular radiolucencies were extracted. The granula-
tion tissue was curetted gently from the sockets and im-
mediately fast-frozen on dry ice. All specimens were kept
frozen until processing. Frozen sections four microns thick
were prepared with a cryostat-microtome. Representative
sections of each lesion were stained with hematoxalin and
eosin and submitted for histologic evaluation.

The technique for processing the frozen sections has
been described by Kuntz and coworkers.11 Sections were
fixed for 30 seconds in 90% ethanol and air-dried. The
sections then were washed twice in phosphate buffered
saline (PBS) for 15 minutes each. Two sections of each
specimen were incubated with each of the following
fluorescein-conjugated goat antibodies: antihuman IgG,
antihuman IgA, and antihuman IgM.o Two sections of
each specimen also were incubated with rhodamine-
conjugated IgG fraction goat antibody to human C3.a
Following incubation, each specimen was washed three
times in PBS for 10 minutes. (Specimens incubated with
different antibodies were not washed in the same baths.)
The sections then were air-dried, mounted with buffered
polyvinyl alchohol and glycerine, and examined using a
microscope equipped with vertical fluorescence illumina-
tion and dichroic filter combinations specific for fluores-
cein and rhodamine.

Negative controls consisted of human skin tissue sec-
tions which were treated in exactly the same manner as
described above.

All samples were evaluated as being positive or
negative. No attempt was made to quantify the amount
of antibody present in the positive samples.

Results

Using the fluorescein-specific filter, tissue sections
positive for IgG, IgA, or IgM showed areas of apple green
fluorescence concentrated in plasma cells and regions of
tissue containing immunoglobulins. Tissue sections
negative for the above immunoglobulins showed only a
dull field. For samples stained for IgG, 100% were
positive. Six of the samples examined for the presence
of IgA were positive for that immunoglobulin -- five
samples were negative. Only 2 of the 11 samples were
positive for the immunoglobulin IgM -- the remaining
9 samples were negative (Table 1).

For samples incubated with rhodamine-conjugated
anti-C3, a positive reaction was characterized by bright
a Cappel Laboratories, Cochranville, Pa.

orange fluorescence against a dull field. Ten samples were
available for this study. Eight of ten were positive -- 2
were negative (Table 1).

The negative controls, which consisted of human skin
tissue, were negative for IgG, IgA, IgM, and C3.

The results of the histologic evaluation also are found
in Table 1. No relationship between the presence or
absence of immunologic components and histopathologi~
evaluation was observed using the Fisher Exact Test).
Likewise, no relationship between the presence or absence
of the various immunologic components was found when
they were compared with each other.

Discussion

In this study immunofluorescence was used to
demonstrate the presence of the immunoglobulins IgG,
IgM, IgA, and complement C3 in chronic interradicular
lesions of carious primary teeth. The presence of these
immunologic components is consistent with studies of
chronic periapical granulomas in the permanent
dentition.ll It is believed that mediators of immunologic
events contribute to the pathogenesis of the supporting
periodontium in endodontic disease.10-I6.19. 20 The forma-
tion of immune complexes from the reaction of antigens
with IgG and IgM antibodies can stimulate the release
of such mediators through their ability to interact with
both humoral and cellular immune systems.2, Bacterial
fragments and endotoxins are examples of such
substances.~° In particular, the component system can be
activated either by immune complexes or by

Table 1. Histologic Evaluation* and Results of Human
Granulation Tissue Incubated With Antihuman IgG, IgA, IgM
and Complement C3"*

Patient # IgG IgA IgM C3 Diagnosis
1 + - - NE I
2 + + - + CP
3 + - - + CP
4 + + -- + CP
5 + + - + CP
6 + + - + CP
7 + + - + CAP
8 + + + - CP
9 + - - + CAP

10 + - + + CP
11 + - - - CAP

* Results of histologic evaluation of tissue samples stained with hematoxalin
and eosin: CP = Chronic Periodontitis; CAP = Chronic and Acute
Periodontitis; I = Inconclusive.

** IgG, IgA, and IgM identified in human granulation tissue by staining with
fluoresceinoconjugated goat antisera: Antihuman IgG, antihuman IgA, and
antihuman IgM; complement component C3 identified by staining with
rhodamine-conjugated goat antihuman complement C3.

+ indicates positive reaction; -- indicates negative reaction; and NE in-
dicates not examined.
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endotoxin. 2z The presence of either component in
periapical or interradicular tissues would stimulate com-
plement activation at these sites.

Complement factors C3a, CSa, and C567 are chemo-
tactic for leukocytes. Lysosomal release by leukocytes
causes thrombosis, hemorrhage, edema, endothelial
destruction, and local necrosis of host tissue,2~ C3a and
C5a are also anaphylatoxins. They stimulate the release
of vasoactive amines by degranulation of mast cells which
causes increased vascular permeabulity and increased
blood flow, increasing the local inflammatory
response.23 In addition, the activation of complement
has been implicated in the stimulation of osteoclastic ac-
tivity and bone resorption,2,

The results of this study demonstrate the presence of

IgG in 100%, C3 in 80°70, and IgA in 54.5% of samples
studied. Kuntz and coworkers, in their study of 10
periapical lesions in the permanent dentition,ll also
found IgG present in 100% of lesions. In those samples
treated by the fast-frozen method, C3 similarily was
found in all of the lesions, as was IgAo In contrast to our
findings of IgM in only 18.1% of the lesions, Kuntz and
coworkers localized IgM in 70% of lesions studied. The
low frequency with which IgM was found may reflect the
chronic nature of most of these lesions.

The significance of these findings can be appreciated

from the standpoint of treatment. In the permanent denti-
tion, traditional endodontic therapy eliminates the anti-
genic source of the immune response through debridement
and sanitation of the root canal system. In the primary
dentition traditional therapy for periapically or inter-
radicularly involved teeth also has been debridement and
sanitation of the root canal system. Recently, however,
some authorities have suggested formocresol pulpotomies
in treating extensively involved teeth in lieu of the
above.~s While formocresol is a tissue fixative which
binds to the proteins of microorganisms and is thus
bacteriocidal,26 it also has been shown to be capable of
rendering autologous pulp tissue antigenic and to

stimulate a specific cell-mediated lymphocyte immune
response in animal studies.=, Given this antigenic poten-
tial, it seems likely that the use of formocresol in teeth
with total pulpitis and interradicular or periapical
pathology could enhance the immunologic consequences
of such pathology.

The short-term clinical effectiveness of the formocresol
pulpotomy in the treatment of primary teeth with cor-
onal pulpitis has been demonstrated. In a recent three-
year clinical study of 98 pri.mary molars with coronal
pulpitis, Rolling and coworkers~ found a formocresol
pulpotomy success rate of 91% after three months, 83 %
after one year, 78% after two years, and 70% after three
years. In all failures, they reported interradicular or
periapical pathology. The study by Rolling and
coworkers thus demonstrated a progressive increase in
failure rate with time, which might have approached

unacceptable levels if it had been a more lengthy study.
It is possible that the clinical success of this procedure
is related to the exfoliation of primary molars.

This study suggests that while short-term success with
formocresol pulpotomy can be achieved in primary teeth
with coronal pulpitis, long-term effectiveness may be
enhanced by attempts to remove all sources of antigenic
stimulation.

Conclusions
Immunoglobulins IgG, IgA, complement component

C3, and to a lesser extent, IgM have been demonstrated

in the chronic interradicualr lesions of primary teeth. This
data supports the notion that immunologic mechanisms
are at least partially responsible for the tissue destruc-
tion that is seen. Further research is needed to describe
the antigenic potential of the medicaments used in the
pulp therapy of primary teeth.

Dr. Berryhill is in private practice, 3505 E. Shields Ave., Fresno, Calif.
93726. Dr. Handlers is an assistant professor, Department of Pathology;
and Dr. Schoenfeld is an associate professor and chairman, Depart-
ment of Microbiology and Immunology, University of Southern Cali-
fornia, Los Angeles, Calif. Requests for reprints should be sent to Dr.
Berryhill.

1. Bergenholtz, G. Microorganisms from necrotic pulp of traumatized
teeth. Odontol Revy 25:347-58, 1974.

2. Kantz, W.E., Henry, C.A. Isolation and classification of anaerobic
bacteria from intact pulp chambers of nonvital teeth in man. Arch
Oral Biol 19:91-96, 1974.

3. Wittgow, W.C., Jr., Sabiston, C.B., Jr. Microorganisms from
pulpal chambers of intact teeth with necrotic pulps. J Endod
1:168-71, 1975.

4. Wickremesinghe, R., Russell, C. Viridans streptococci associated
with periapical dental abscesses. Infection 4:196-203, 1976.

5. Grossman, L.I. Bacteriologic status of periapical tissue in 150 cases
of infected pulpless teeth. J Dent Res 38:101-4, 1959.
Winkler, T.F.,III, Mitchell, D.F., Healey, H.J. A bacterial study
of human periapical pathosis employing a modified gram tissue
stain. Oral Surg 34:109-16, 1972.

7. Melville, T.H., Birch, R.H. Root canal and periapical floras of
infected teeth. Oral Surg 23:93-98, 1967.

8. Moller, A.J. Microbiological examination of root canals and
periapical tissues of human teeth. (Thesis) Odontol Tidskr 74:1-380,
1966.

9. Block, R.M., Bushell, A., Rodrigues, H., Langeland, K. A
histopathologic, histobacteriologic, and radiographic study of
periapical endodontic surgical specimens. Oral Surg 42:656-78,
1976.

10. Speer, M.L., Madonia, J.V., Heuer, M.A. Quantitative evalua-
tion of the immunocompetence of the dental pulp. J Endod
3:418-23, 1977.

11. Kuntz, D.D., Genco, R.J., Guttuso, J., Natiella, J.R. Localization
of immunoglobulins and the third component of complement in
dental periapical lesions. J Endod 3:68-73, 1977.

12. Torabinejad, M., Bakland, L.K. Immunopathogenesis of chronic
periapical lesions. Oral Surg 46:685-99, 1978.

13. Naidorf, l.J. Immunoglobulins in periapical granulomas:
preliminary report. J Endod 1:15-18, 1975.

14. Morse, D.R., Lasater, D.R., White, D. Presence of
immunoglobulin-producing cells in periapical lesions. J Endod
1:338-43, 1975.

202 IMMUNOGLOBULINS iN INTERRADICULAR LESIONS: Berryhill et al.



15. Pulver, W.H., Taubman, M.A., Smith, D.J. Immune components
in human dental periapical lesions. Arch Oral Biol 23:435-43, 1978.

16. Toiler, P.A. Immunological factors in cysts of the jaws. Proc R
Soc Med 64:555-59, 1971.

17. Thaler, M.S., Klausner, R.D., Cohen, H.J. Medical Immunology.
Philadelphia: J.B. Lippincott Co., 1977, pp 1-480.

18. Henson, P.M. Pathologic mechanisms in neutrophil-mediated in-
jury. Am J Path 68:593-610, 1972.

19. Barns, G.W., Langeland, K. Antibody formation in primates
following introduction of antigens into the root canal. J Dent Res
45:111-16, 1966.

20. Schonfeld, S.E., Greening, A.B., Glick, D.H., Frank, A.L., Simon,
J.H., Herles, S.M. Endotoxin activity in periapical lesions. Oral
Surg 53:82-87, 1982.

21. Greening, A.B., Schonfeld, S.E. Apical lesions contain elevated
immunoglobulin G levels. J Endod 6:867-69, 1980.

22. Muller-Eberhard, H.J. Complement. Ann Rev Biochem 44:697-724,
1975.

23. Nisengard, R.J. The role of immunology in periodontal disease.
J Periodontol 48:505-16, 1977.

24. Raisz, L.G., Sandberg, A.L., Goodson, J.M., Simmons, H.A.,
Mergenhagen, S.E. Complement-dependent stimulation of pros-
taglandin synthesis and bone resorption. Science 185:789-91, 1974.

25. Mejare, I. Pulpotomy of primary molars with coronal or total
pulpitis with formocresol technique. Scand J Dent Res 87:208-16,
1979.

26. ’S-Gravenmade, E.J. Some biochemical considerations of fixation
in endodontics. J Endod 1:233-37, 1975.

27. Thoden van Velzen, S.K., Feltkamp-Vroom, T.M. Immunologic
consequences of formaldehyde fixation of autologous tissue im-
plants. J Endod 3:179-85, 1977.

28. Rolling, I., Thylstrup, A. A 3-year clinical follow-up study of
pulpotomized primary molars treated with the formocresol tech-
nique. Scand J Dent Res 83:47-53, 1975.

Quotable Quote
For years, diabetologists and nutritionists have taught that there are two major classes of carbohydrates: simple

and complex. Simple carbohydrates, which are the sugars like glucose, sucrose, and fructose, are absorbed immediately
by the gut and and cause a rapid rise in blood sugar and blood insulin. Complex carbohydrates, such as the starches
found in rice and potatoes, take longer to be absorbed and so result in a slower and more moderate rise in blood glucose
and blood insulin.

Or so the dogma goes. But it turns out that the dogma is incorrect. The problem, said Jesse Roth, a diabetes specialist
at the National Institutes of Health, is that, "I believed it. Everyone believed it. But no one ever tested it."

When Phyllis Crapo of the University of Colorado Health Sciences Center in Denver though to test the dogma, she
was astonished to find just how wrong it is. Crapo and other researchers are learning, for example, that a bowl of
ice cream does almost nothing to blood glucose, nor does a sweet potato. But, a white potato or a slice of whole wheat
or white bread sends blood glucose soaring. To further confound the matter, the effects of carbohydrates on blood
glucose are unpredictable. The only way to learn the effect of a particular food is to test it on volunteers.

These discoveries are of major consequence for diabetics who must avoid large swings in blood glucose. They also
may be important for nondiabetics since, at the very least, large amounts of glucose in the blood make persons sleepy.

From: Kolata, G. Dietary Dogma Disproved, Science, Vol.
220, No. 4596, April 29, 1983.
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