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Apical lesions contain elevated immunoglobulin G levels 

A n t h o n y  B. G r e e n i n g ,  BDS, and S t e v e n  E. S c h o n f e l d ,  DDS, PhD 

Portions of periapical lesions were 
obtained at the time of apicoectomy 
from teeth without obvious perio- 
dontitis. The tissue samples were 
weighed, their density determined 
and homogenized. The homogenate 
was then assayed for IgG content by 
rocket immunoelectrophoresis, and 
the IgG levels were expressed as/zg of 
IgG per mg of tissue. Of  the 16 
lesions examined, we found an aver- 
age of 11.0 ~g /mg of tissue IgG 
compared with 3.8 tLg/mg in clinical- 
ly noninflamed control tissue. The 
mean IgG concentration of eight of 
the samples that were diagnosed as 
chronic apical, granulomas by the 
oral pathology service was 16.0 tLg/ 
mg. The elevated levels of IgG in 
periapical granulomas contribute 
evidence that immunopathologic 
events participate in the genesis of 
these lesions. The exact mechanisms 
that account for the pathogenesis of 
chronic periapical lesions are not 
well understood. Although it seems 
likely that the bacteria that invade 
deep carious lesions are the cause of 
most of the granulomatous lesions, 
microbiologic studies have frequent- 
ly failed to demonstrate bacterial 
presence in these lesions.~-a Recently, 
increased attention has been focused 
on the possible roles of immunopath-  
ologic mechanisms in the genesis of 
these lesions. ''~ 

Histopathologic examination 
shows the typical picture of chronic 
inflammation in the granulomatous 
lesions: macrophages, lymphocytes, 

plasma cells, and a few polymorpho- 
nuclear leukocytes (PMNL) are all 
present. The presence of plasma cells 
clearly implies the local synthesis of 
immunoglobulins. Several studies 
have indeed demonstrated the pres- 
ence of immunoglobulin G (IgG), 
immunoglobulin M (IgM), and im- 

t 
munoglobulin E (IgE) in these 
lesions. ~~ We are unaware, however, 
of any studies in which immunoglob- 
ulin concentrations have been accu- 
rately measured in periapical le- 
sions. 

M A T E R I A L S  A N D  M E T H O D S  

Portions of apical lesions from 
teeth without periodontal involve- 
ment were obtained during routine 
surgery and placed into 1.5 ml plas- 
tic w.st tubes. The tubes were imme- 
diately stoppered and frozen. The 
tissue samples were maintained at 
--20 C until analysis. 

Then, the samples were thawed 
and weighed. The density of the 
samples was determined by measur- 
ing how much saline solution was 
displaced in a small glass test tube 
relative to a fine mark scribed with a 
diamond pencil. Displacement was 
measured with a microsyringe. This 
volume was divided into the weight 
of the tissue to give the sample den- 
sity (p). 

After the density was determined, 
the samples were placed into glass 
microhomogenizers. For each mg of 
tissue, 10 /*1 of diluent was added. 

The sample diluent consisted of the 
electrophoresis buffer (19 mM suc- 
cinic acid, 97 mM boric acid, 31 mM 
Tris Base, pH 5.6) diluted 1:8 with 
distilled water. The homogenized tis- 
sue was transferred to centrifuge 
tubes and centrifuged for 20 minutes 
at 1900 • g to pellet the tissue 
debris. The supernatant was applied 
to commercially prepared electroim- 
munoassay plates (Worthington Di- 
agnostics, Freehold, N J) and electro- 
phoresed at a constant voltage of 12 
V/cm for 90 minutes. Samples and 
immunoglobulin standards were run 
in duplicate, and 1:5 dilutions of the 
samples were also run on each 
plate. 

After electrophoresis, the plates 
were stained with dichrome stain (10 
mg% napthol blue-black, 20 mg% 
thiazine red R, and 210 mg% mer- 
curic chloride in 5% acetic acid) and 
subsequently destained in 5% acetic 
acid. The plates were allowed to dry, 
and the rocket lengths (Fig 1) were 
measured with a clear plastic reticle 
calibrated in 0.5 mm increments. 
The IgG concentration in the sample 
was then read from a computerized 
table, supplied by the manufacturer,  
relating the average standard rocket 
length to the appropriate standard 
curve. The average length of the 
replicate standard and sample rock- 
ets were used for these calculations. 

The density (found to be 1.0 rag/  
/ll) was measured to calculate the 
total homogenate volume. We de- 
cided to calculate this value because 
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the amount of homogenate that 
adhered to the walls of the homoge- 
nizer was a large and variable per- 
centage of the total homogenate vol- 
ume. Thus, a simple measurement of 
the homogenate volume would not 
have been accurate. 

Knowing the IgG concentration of 
the samples, the tissue weight and 
density, and the volume of diluent 
added, we could then calculate the 
IgG content of the tissue sample with 
the following formula: /zgIgG/mg tis- 
sue = Cs X (D + w)/w.  Where Cs 
is the measured IgG concentration in 
the sample in/~g/ml; D is the volume 
of diluent added in /B; W is the 
sample weight in mg; and p is the 
sample density in mg//~l. 

We also obtained four pieces of 
noninflamed oral mucosa during 
routine endodontic and other surgi- 
cal procedures. These tissue samples 
were analyzed in the same manner  
described and served to provide esti- 
mates of the IgG concentration of 
noninflamed tissue. 

R E S U L T S  

Immunoglobulin concentrations 
were measured by rocket electropho- 

Fig 1--Typical rocket 
electrophoresis patterns 
used for quantitation of 
IgG levels in apical le- 
sions. IgG concentration 
is proportional to length 
of rocket. Samples are 
as follows: 1 and 8, 
IgG standard; 2 and 7, 
patient "J" (undiluted 
homogenate); 3 and 6, 
patient "K" (undiluted 
homogenate); 4, patient 
"J" (homogenate diluted 
1:5); 5, patient "K" 
(homogenate diluted 
1:5). 

resis. Typical patterns can be seen in 
Figure 1. Although duplicate sam- 
ples show slightly different rocket 
lengths, the actual variation in calcu- 
lated IgG levels between replicate 
samples was less than 5%. 

IgG concentrations in the apical 
lesions ranged from 2.1 to 28.3 /~g/ 
mg of tissue (Table 1), with a mean 

of 11.0 and standard error of 2.2 
#g/rag (Table 2). By comparison, the 
mean IgG concentration in the con- 
trol tissues (n = 4) was 3.6 _+ 0.2 
#g /mg (Table 2). Of  the 16 apical 
lesions we analyzed, only four had 
IgG concentrations that were not 
significantly higher than the control 
IgG levels (Table 1). The significance 
of comparisons between individual 
IgG concentrations and the control 
level was determined by assessing 
whether the sample IgG was in the 
range of the mean control IgG + 2 
standard deviations, thus giving a 
95% confidence level. 

We were able to obtain histopath- 
ologic diagnoses on eight of the 
lesions. All eight of these lesions 
proved to be chronic apical granulo- 
mas. The mean IgG concentration 
found in these eight lesions was 
16.0 + 3.4 # g / m g  of tissue (Table 2). 
All of the lesions that were diagnosed 
as chronic apical granulomas had 
IgG concentrations significantly 

Table 1 �9 IgG concentrations of periapical lesions.  

Sample Histopathologic diagnosis IgG (/~g/mg tissue) 

A ND* 7.0 
B ND 13.9 
C Chronic granuloma 18.3 
D ND 3.8t 
E ND 5.6 
F ND 3.4t 
G Chronic granuloma 5.6 
H Chronic granuloma 15.6 
I Chronic granuloma 5.3 
J Chronic granuloma 21.1 
K Chronic granuloma 6.1 
L ND 4.5t 
M Chronic granuloma 28.3 
N ND 7.0 
O Chronic granuloma 27.9 
P ND 2.0t 
Q Noninflamed gingiva 3.6 
R Noninflamed gingiva 3.8 
S Noninflamed oral mucosa 3.3 
T Noninflamed gingiva 4.3 

*Not determined. 
J-Indicates values not significantly higher than control levels (at 95% confidence level). 
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Table  2 �9 Mean IgG concentrat ions.  

Group 

All periapical lesions assayed 
I.~ions diagnosed as chronic 

granulomas only 
Control tissues 

IgG (/~g/mg tissue)* 

11 +2 .2  
16 -+ 3.4 

3.8 + 0.2 

*-+ s t a n d a r d  e r ro r  

higher than  levels in the control  

tissues. 

DISCUSSION 

In this study, we found  the mean 
concentra t ion of  IgG in all of the 
apical  lesions was s ignif icant ly high- 
er than  the IgG levels in the control  
tissues. T h e  levels we found in the 
control tissues were in agreement  
with p re l iminary  studies presented 
by Gross and others, ~' who found a 
mean IgG concent ra t ion  of 3.6 /zg/ 
mg in clinically hea l thy  gingiva.  

These findings imp ly  tha t  immu-  
nological ly med ia ted  events can be 
impor tan t  in the pathogenesis  of  api-  
cal lesions. These events could 
include the in teract ion of  an t ibodies  
(IgG or IgM class) with ant igens  to 
form aggregates known as immune  
complexes. Such complexes  can acti- 
vate (or fix) c o m p l e m e n t  which 
results in the fo rmat ion  of  pha rmaco-  
logically active pept ides  des ignated  
as C3a, C5a and  C5b67. C3a  and 
C5a are anaphyla tox ins ;  tha t  is, they 
can induce the release of  vasoactive 
amines and other  i n f l ammato ry  me- 
diators from mast  cells and  baso- 
phils. The  release of these substances 
causes increased vascular  permeabi l i -  
ty and  increased local blood flow 

that  cause an i n f l ammato ry  exudate .  
C3a, C5a and C5b67 are also chemo- 
tactic for P M N L s  tha t  result in a 
local in f l ammatory  infi l trate.  The  
P M N I , s  can release a var ie ty  of lytic 
enzymes result ing in tissue destruc-  
tion. 

Act ivat ion  of c o m p l e m e n t  has also 
been impl ica ted  as a mechan i sm of 
increasing osteoclastic activity.  '~ 
Thus,  format ion of  i m m u n e  com- 
plexes can result in localized tissue 
destruction,  in f l ammat ion ,  and  bone 
loss. Al though evidence for the 
occurrence of  i m m u n e  complexes in 

apical  lesions has recent ly  been 
repor ted ,  ~1 the present s tudy is the 
first repor t  that  we know of  in which 
the ac tua l  levels of the i m m u n o g l o b -  
ulins necessary for i m m u n e  complex  
fo rmat ion  have been accura te ly  mea-  
sured in these tissues. 

I t  is likely that  not all of the 16 
lesions that  we examined  were 
chronic  granulomas.  We were able  to 
ob ta in  h is topathologic  diagnoses on 
eight of  the lesions, however,  and  
these were diagnosed as chronic  
granulomas .  When  the d a t a  from 
these eight  specimens were ana lyzed ,  
an even greater  difference between 
the apica l  lesions and  the control  
tissues was seen. The  mean  IgG levels 
of  all 16 apical  lesions was 2.9-fold 
greater  than  the levels in the control  
tissue; whereas, the mean  level in the 
eight  lesions diagnosed as granulo-  
mas was 4.2-fold greater.  

O f  the  16 tissue samples ana lyzed ,  
only four had  IgG levels tha t  were 
not different  from the levels in con- 
trol tissue. Unfor tuna te ly ,  we were 
unab le  to obta in  histologic diagnoses 
on these four samples, but  they  may  
represent  noninf lamed cystic lesions 
or apical  scars. 

SUMMARY AND 
CONCLUSIONS 

T h e  IgG contents of apical  lesions 
were de te rmined  and  c o m p a r e d  with 
hea l thy  tissues. The  results of  this 
s tudy demons t ra te  that  IgG levels in 
per iapica l  lesions, and  especial ly in 
chronic: g ranu lomatous  lesions, are 
great ly  elevated compared  with the 
IgG concentra t ions  of hea l thy  tissue. 
This  evidence add i t iona l ly  suppor ts  
the concept  that  tissue des t ruc t ion  
seen in the in f l ammatory  apica l  
lesion is media ted  by immuno log ic  
mechanisms.  
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