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ABSTRACT

The onset

of minor recurrent

aphthous

stomatitis (UinnS)

has

nith the intake of certain foods in some individuals. Hypotheses to explain this observation may include the presence in MiRÀS patients of increased levels of salivary IgE leading
to a local allergic reaction, or of decreased levels of salivary
I9À, i9G, or IgM allowing increased passage of food antigens
across oral mucous membrane, thus leading to a locaI hypersensitivity reaction. The resultant tissue destruction may be represented clinically as MiRÀS.
To investigate these hypotheses, total salivary igÀ, I9G,
I9M, and igE concentrations of 28 patients suffering from active
MiRAs lesions rvere compared to age- and sex-matched individuals
rlithout a history of MiRAS, using a solid-phase radioimmunoassay
technique. Levels of salivary IgA antibodies to the food antigen
alpha-lactalbumin were also assessed using a double antibody
been associated

radi oimmunoassay method.

statistical differences in total salivary IgA, I9G, or IgM
concentrations v¡ere observed between the two study groups.
Salivary IgE was detected in minute concentrations in only three
of the 56 subjects, two from the control group, and one from the
MiRAS group. À11 saliva samples exhibited IgA antibody activity
No

to alpha-lactalbumin,
detected
The

however,

no strongly positive

activity

was

in either group.
results indicated that salivary immunoglobulins were not

the clinically diagnostic ulcerative stage of
and most Ìikety did not participate in tissue destruction

altered during
MiRÀS,

ouring thi

s

stage

.
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CHÀPTER I

OBJECTIVES

Minor recurrent aphthous stomatitis (i'tiReS), the most
form

of recurrent

aphthous

common

stomatitis (neS), represents a painful

ulcerative condition of the oral cavity which affects a large pro-

portion of the general population.

It

has been noted

that the intake of certain foods has been

associated with the onset of lesions in some MiRAS patients
(Àlvarez, 1937; viilson, 1980; Eversole et a1. , 1982). Clinical
studies involving the direct application of suspected foods to

(tuft and Ettelson , 1956; Tuft and Girsh,
958; Kutscher et al. , 958 ) , intradermal and inhalant tests
(Barbash et â1., 1958), and diet manipulations (Ship, 1960;
Ferguson et aL., 1976; Ferguson et aI., 1980; WiIson, 1980; WaIker
et a1., 1980; Wray,'1981), as well as in vitro tests investigating
oral

mucous membranes

'1

1

serum antibodies

(taylor et a1.,

1964) and cel1 mediated immune

et a1., 1973; tiray et a1., 1982) to food antigens have been conducted to investigate a food allergy association
with RAS. Àlthough these investigations have given variable
responses (thomas

results, the involvement of allergic reactions to food antigens in
the pathogenesis of

MiRAS has

not been ruled out.

the relationship of salivary
immunoglobulins and food antigens to MiRAS. Due to the low concentrations of IgG, igM, and igE in saliva, and the lack of a sensitive method to assay these immunoglobulins, immuno!.ogic studies
related to salivary immunogloburin concentrations in recurrent
Few studies have considered

aphlhous stomatitis patienls have dealt only with the igÀ class of
immunoglobulins (Lehner, 1969c; Kakizawa

et aI.,

1976; Bennet and Reade,

1982).

et a1., 1973¡

The methods

of

Ben-Aryeh

assay used

in these studies were the single radial immunodiffusion (Mancini
et aL., 1965) and automated turbidimetric techniques. No modern
studies involving

salivary immunoglobulins, using accurate
assay techniques of high precision, have been conducted.
TLre

RAS

and

present study addressed the following hypotheses involv-

ing salivary immunogrobulins and food antigens with respect to the
possible pathogenesis of MiRÀS.
1

). igE in saliva participates in an arlergic reaction to food
antigens reading to local mucosal hypersensitivity tissue
destruction.

?)

Decreased

levels of salivary IgA, IgG, and IgM

lins result in

immunoglobu-

of antigens across the oral
mucosa leading to local mucosal hypersensitivity tissue
increased passage

destruction.

3).

Decreased

levels of salivary IgÀ to specific

result in decreased antigen-IgA antibody

food antigens

complexes

and as a

of such specific food antigens
across the oral mucosa leading to local mucosar hypersensitivity tissue destruction.
consequence, increased passage

To evaluate these hypotheses, the folLowing objectives were
consioered:

1).

a test group of. 28 patients suffering from MiRÀs,
and a control group ot 28 individuars with no history of RÀs.
2). To establish the range and mean concentrations of immunoglobulins of the IgÀ, i9G, IgM, and igE classes in unstimulated
whole human saliva in the 55 subjects utilizing a highly sensitive and highly specific assay technigue.
To select

,\

To compare the range and mean concentrations of
immunoglobulins of the I9A, IgG, I9M, and igE classes in
unstimul-ated whole human saliva of the tesl group to the control group utilizing a highly sensitive and highly specific
assay technique.

4)

of IgE and IgA antibody activity in
unstimulated whole human saliva to a purified food antigen in
To establish the presence

the 56 individuals.
5)

the

of IgE and IgÀ antibody activity
unstimulated whole human sal-iva to a purified food antigen
the test group to the control group.

To compare

presence

in
of

CHÀPTER

II

LITERATURE REVIEW

(1).

Mi

nor Recurrent Aphthous Stomatitis

Minor recurrent aphthous stomatitis

is a

common

condition

characterized by painfuJ. periodic soJ-itary or multiple ulcerations

of the oral cavity. This disorder was first described by Mikulicz
and Kummel in 1888, but its classification was not formalized
until the studies of Truerove and Morris-owen in 19sg.
Subsequently, Lehner (1968) has defined

further the classification

of thi s di sorder .

. Classification of minor recurrent, aphthous stomatiti.s
Recurrent aphthous stomatitis (nes) is a term applied
to three varieties of recurrent oral ulcerations, namely minor
recurrent aphthous stomatitis, major recurrent aphthous stomati_
tis, and herpetiform ulcerations.
Minor recurrent aphthous stomatitis (uines) is the most common form of RAS. This entity is known by a variety of alternate
terms, the more common being minor recurrent aphthous ulcers,
(a )

recurrent Mikulicz's ulcers, and canker sores.
Major recurrent aphthous stomatitis (MjRÀs),
by sutton

also

in

1911,

first

described

is a less common form of RÀs. This disorder is

known as major

recurrent aphthous ulcers, periadenitis

mucosa

necrotica recurrensf and sutton's disease. The lesions of MjRAS
are larger and remain longer than those of MiRAS, and frequently
heal

with scarring. iL is felt that MjRÀs represents a

severe variant

of

MiRÀS

(lehner,

more

1g6g).

(gtr), the least common type of RAS, $ras
first described by Cooke in 1960. This entity represenls recurHerpetiform ulcers

rent crops of up to one hundred pinhead-sized ulcers occurring in
any location in the oraJ" cavity.
Although

variants of

the criteria for the clinical

RAS

diagnosis

of

these

are r+eil- established (Lehner, 196g), many reports

in the literature fail to differentiate the RÀs variants. often
the broad term RAS is used r+ithout indicating the proportion of
MiRAS, MjRÀs, or HU lesions. In many cases the term RAs is used
synonymously

with that of

MiRÀS.

topic of this review is concerned with MiRÀS, and its
features will be discussed in detaii. Tn the following dissertation the term MiRÀs will be used onry when the lesions are
described or identified as minor recurrent aphthous slomatitis
lesions. otherwise, if doubt exists, the broader term RÀs will be
The

used.

(b).

Epidemioloqy

of MiRÀS

The incidence

of

RÀS

varies depending

population investigated. Sircus et
found approximaLely

al_.

( 1 957

)

on

and

the study

and

Lehner (1968)

of a general population to have a history
of RÀs. Àmong hospitalized patients ship et al. (1967) found a
positive history in 13.2% on individuals. A survey involving hospitar and dental patients revealed a positive RAS history in 20%
of individuals (spouge and Diamond, r963). In a mixed Àrab population

,

27%

of

20%

persons had experienced RÀs

(nahmy

, 1g76).

A study

(1975) involving sludents and arned
forces personnel in 21 counLries revealed the incidence of RÀs
history to be 38.7% for males, and 49,7% for femaLes. other studconducted by

Embil et aI.

ies also involving students

the presence of a positive RÀs
history to vary from 41% (shapiro et al. 1970) , ss% (snip et al.
1960a), 56% {Donatsky, 1973) to 66.2% (ship er at. 1967). MiRAs
vlas the form of the disorder in approximately B0% of the RAS
patients studied by Graykowski et al. (1966) and Lehner (196s).
That RAS tends to be more common in femares than males has
been reported in numerous studies (sircus et al. , 1gsj; Farmer,
1958; Ship

et a1.,

showed

1900a; Spouge and Diamond,

1963; Graykowski et

â1., 1966; Donatsky, 1973; Embil et aI. , 1g7i; Fahmy , 1gl.6).
Lehner (1968) found the female to male ratio of MiRAs to be 1.3:1.
(c).

Àrc.

of onset of

MiRAS

state that the age of onset of RAS, in
the majority of cases, is during the second and third decades of
lif e (Sircus et al. 1957; Ship et aI., '1960a; Cooke , 1961¡
Graykowski et al. , 1966; Donatsky, 1973). In a 1967 study, Ship
et al. found that the first decade was the most frequent age of
onset. However, Farmer (1958) found the most common age of onset
in femares to be during lhe first and second decades, with onset
during the first and third decades for males. Lehner (1968)
reported the maximum incidence of onset of MiRAS to occur durino
the second decade of life.
Many authors

(d).

Location of MiRÀS lesions
l.¿'eathers

and Griffin (1970) reported that

lesions occur almost exclusively on non-keratinized oral
The

labial

nrucosa,

MiRAS

nucosa.

the buccal mucosa, and rhe tongue are the siles

most often affected by MiRAS,

with the floor of the mouth, and

the

pharynx occasionally being affected (Lehner, 1968).

(e). Clinical features of MiRAS
natural history of MiRAS lesions has been well
documented by Stanley (1972) and is divided into four stages.
During the premonitory stage, which lasts up to 24 hours, a
burning, tingling, tense, or hyperesthetic sensation is noted in
the future site of the lesion. Clinically there is no evidence of
The

pathologic change.
The

preulcerative stage occurs eighteen hours to three

days

after the previous stage, and is characterized by an erythematous
macule or papule with slight induration. Lesions on broad, flat
mucosal surfaces such as buccal and

labial

nucosae are

circular

in

shape, whereas lesions within tissue folds such as buccal and

labial sulci tend Lo be elongated in shape. À central superficial
membrane develops wi th a surrounding red inflammatory halo.
During this stage pain in the local area is a common complaint.
The next stage, the ulcerative stage, occurs from day one to
day sixteen, and is accompanied initially by severe pain. The
membrane sloughs leaving a shalIow, well-defined ulcer.
Subsequently, the floor of the ulcer is covered by a greyishyellow membrane. The maximum size of the ulcer, most frequently
tvro to ten mil-lineiers in greatest diameter (Lehner, 1968) is
reached within four to six days. Uicers may coalesce to form
larger lesions, and pain tends to decrease two to lhree days afcer
the

maximum

size has been reached.

10

The healing stage takes place anytime from day four to

thirty-five, although the majority of MiRAS lesions llill heal
vrithin one to tr+o weeks (Lehner, 1968). Lehner (1968) found that
8% of. MiRÀS lesions healed with scarring and suggested that scarring may be a reflection of the size of the lesion, or due to a
disturbance in normal healing and repair by a superimposed secondary infection of normal microorganisms.

(f).

Histoloqv of
The

numerous

MiRAS

hisLology of

authors (Graykowski

lesions has been reported by
et a1., 1966¡ Francis, 1970; Stanley,
MiRAS

1972). Àll workers report similar histologic

appearances.

the premonitory and preulcerative stages a focus of
mononuclear cells are present in the lamina propria.
Subepithelial edema of the lamina propria, liquifactive degeneration of basal cells, and subsequent degeneration of epilhelial
cells of the lower stratum spinosum occur as the nononuclear cells
infiltrate from the lamina propria into the epithelium.
During

Microscopic intraepithelial vesicles may form.

Disintegration of the epithelium occurs in an upward direc-

tion and the epithelial surface is eventually breached. This
marks the beginning of the ulcerative stage. The mononuclear cerl
infiltrate predominates during the firsl six hours of the ulcerative stage after which neutrophils appear at the site of the

u1cer. Àfter thirty to sixty hours neutrophils are the predominant celI type throughout the lesion. The neutrophil infiltrate
can become so pronounced that it masks the normal architecLure of

11

the lamina propria.
gradual increase

are present

in

to enlarge there is

As the lesion ceases

plasma

celIs,

and nast

cells

a

and eosinophils

in the lamina propria.

During the healing stage granulation tissue, characterized

by

the presence of immature capillaries with fibroblastic and
endothelial celL proliferation, is evident. ProLiferation, migration, and differentiation of epithelial cells produce an intact
surface.

tion,

The granulation

tissue undergoes subsequent collageniza-

a residual mild chronic inflammatory

infiltrate,
composed predominantly of pJ-asma celIs may persist in the deep
and

ce11

Iamina propria.
Lehner (1969a) compared the histology

of the MiRAS lesion to

that of a non-specific ulcer and noted that the former contained a
more marked mononuclear and perivascular infiltrate, a less pronounced

neutrophil infiltrate, and a greater

number

of mast ce11s.

cell counts of MiRAS lesions were more than two times the
mast cell counts of normal tissue, and nine times that of a nonThe mast

specific ulcer.

In contrast to Lehner (1969a), Dolby and À11ison (1969)
stated that the mast cell counts of early MiRÀS lesions did not
differ significantly from those of normal mucosa. These authors
sarv a decrease in the number of mast cells in the lesion after 48
hours, when compared to normal tissue.

12

Q), Precipitatinq Factors
etiology of

and

MiRAS

is not known.

factors, however, have been repeatedly associated with the clinical onset of
these lesions and are therefore considered to be precipitating
factors in thei r development . These factors incrude stress,
trauma, and food allergy. Arthough the factors have been werl
documented in MiRÀs, not all MiRAS patients wiII associate them
with each and every onset of the disorder. Numerous patients, in
fact, are never able to identify any unusual event which can be
associated with the occurrence of their lesions.
The

MiRÀS

Various

Not surprisingly the studies investigating these diverse fac-

tors

have yielded inconsistent results.

(a).

Association of MiRÀS and trauma

Local trauma is often implicated in

the

formation of

lesions. Graykowski et al. (1966) reported that 46 of. 62
RAS patients 04%) associated trauma with the onset of their
lesions. These traumatic episodes included self-inflicted bites,

MiRAS

oral surgery, toothbrush trauma, and dental procedures. Eversole
(1982) stated trauma was associated with 38% of. RAS
et aI.

patients. wray et al.

(1981a) explored this

to the buccal

phenomenon and

of contror subjects
patients with a hisLory of RAS. Forty-three percent of the
caused minor trauma

mucosae

and
RAS

patients developed lesions clinically indistinguishable from those

of their disorder, whereas such lesions were not produced in the
controls. However, Ross et aL. ( 958 ) were unable to consis1

13

tently produce RAS Iesions in RÀS pat ients upon puncture,
inc ision, pinching, and toothbrush trauma involving the oral
mucosa.

(b).

Association of MiRAS

and st re ss

related stress and emotional disturbances with the appearance of lesions in numerous sLudies (Sircus
et aI., 1957; Farmer, 1958; Ship et al., 1960b; Eversole et aI.,
Patients

1982\

have

.

lesions was found among a school
population during examination periods than during vacations (Sfrip
A higher incidence

of

MiRAS

et al., 1951). Utilizing the Cornell Medical Index to assess emotion and personality traits, Ship et aI. (1967 ) found a higher
degree of anger, anxiety, inadequacy, tension, and depression in a
hospitalized patient group that suffered from

trol hospitalized group.

RAS

than in a con-

However, these findings were not sup-

ported by the results in a corresponding group of dental and medi-

caI students (Sirip et al., 1967). Heft

and wray (1982) scored

RÀS

patients at the onset of lesions using state-trait anxiety tests
and concluded

that RÀS patients exhibited no more anxiety

than

general medical and surgical patients.

(c).

Association of MiRÀS and hormonal influences

In numerous studies the onset of
been associated
(1947

)

MiRÀS

lesions

has

with various hormonal changes in females. Strauss

reported that 43 of 45 fenale patients (96%) suffered from

new RAS

lesions within 16 days preceding the onset of menstrua-

14

tion.

) found that 3 of 80 female RAS
patients (4%) regularly presented with pre-menstrual lesions, and
Dolby (1968a) stated that ulceration was maximal in the post(1982) found that 62% ot
ovuLation period.
Eversole et a1.
female RAS patients related the appearance of lesions to the onset
of the menstrual- cycle. In contrast, SegaI et al. (1974)
observing 104 student nurses over ihree years, found no association of MiRAS lesions with any specific interval in the menstruaL
Sircus et al.

(1957

,

cyc1e.

Sircus et

aI.

(1957) also observed a decrease

during pregnancy with a return
An increased incidence
Cooke

of

RÀS

ulcers

to a normal incidence post partum.

of lesions

was

also noted after

menopause.

(1961) noted that the peak incidence of onset of

MiRAS

lesions in females occurred between 10 and 14 years of age, at the
time of

menarche.

The association of the onset of RAS lesions with various

of the menstrual cycle

to treat RAS
with oral contraceptives (Carruthers, 1967), high doses of estrogen (nishop et aI. , 1967), and progesterone (Ferguson et aI.,
phases

1978). In
(d).

prompted investigations

many cases these therapies produced

beneficial results.

Association of MiRAS and smokinq

investigators have noted an inverse relationship
betv¡een smoking and

patients suffering from MiRAS. In large stud-

ies the percentages of non-smoking

et al., 1970),

(Sircus et

RÄS

patients

were 66% (Shapiro

aI., 1957j, and 94.5% (Sal1ay and
Banoczy, 1968). Various case histories in smokers relale the
74%

15

onset of

RAS

(

Bookman

,

and the

smoking,

remission of ulcers upon resumption

t

subsequen

ulcers to cessation of cigarette

of

smok

i ng

1960; Dorsey, 1964; Sallay and Banoczy, 1968).

(e).

Association of MiRAS with intestinal disorders
MiRÀS

lesions

the intestinal tract,

have been associated

maJ-absorption

slates,

with disorders of

and

nutritional defi-

ciencies.
Wray

et a1. (1975) reported 23 of

to be deficient in

130 RAS parients (|i.7%)

or more of vitamin B1 2, fotic acid, or
only 11 (8.5%) of the controls were found to be so
one

iron, whereas
deficient. Upon replacement therapy,

of the 23 vitamin deficient RÀS patients shor+ed complete remission of lesions with the
remaining eight exhibiting improvement. À later study by ttray et
al. (1978) revealed that 47 of. 330 RÀS patienrs (14.2%) exhibired
15

the above vitamin and iron deficiencies either singJ-y or in combi-

nation.

Replacement

therapy in 39 deficient patients

yielded complete remission of lesions

again

in 59%, improvement in

28%,

in only 13% of. these individuals.
in other studies intestinal disease was found to be present
in 24% (Ferguson et aI., 1976), and 4% (Ferguson et al., 1980) of
MiRAS patients, with 28% of the patients in the latter study
revealing nutritional def iciencies.
and no change

Subsequent

were unable

studies (walker et al., 1980; Olson et al. ,

to establish a correlation

between RAS and

disorders. They found no statistically signíficant
bet¡+een RAS patients and controL populations.

1982)

inteslinal

differences
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(f)

Familial relacionships in

MiRAS

The familiaJ. tendency of MiRAS has been noted
numerous

authcrs .wiLh

46%

(Sircus et

by

al., 1957), 41% (Ship et al.,

1967), 39% (Farmer, '1958), and 24% (Cooke, 1961) of

RAS

patients

reporting a famj.IiaI history of similar lesions.

Miller et a1.

(1977

with respect to RÀs.
the disease

)

studied monozygotic and dizygotic twins

These authors observed 91iá concordance of

in the identical twin pairings, but only 5i% concor-

in the non-identical twin pairings.
Ship et a1. (1965) investigated the possibility of either an
autosomal dominant or autosomal recessive mode of transmission of
the disorder. The segregation frequencies for a recessive inheritance pattern were srightly suggestive. A recent study by Mírler
et al. (1980) was not abre to show a precise mode of genetic
dance

transmission.

(g).

Àssociation of

MiRAS

with systemic

diseases

varieties of RAS lesions have been associated to varying degrees with numerous systemic disorders" MiRÀs
has been reported in cases of gastrointestinar disorders such as
coeliac disease, chronic ulcerative col-itis, gluten-sensitive
enteropathy, and Crohn's disease (Rogers, 1977; Ferguson et al.,
1980). Deficiencies of vitanin B1 2, folic acid, or iron were
found in a higher proportion of individuals suffering from RAS
lesions than j.ndividuals in the general popul.ation (wray et ar. ,
The three

1975)
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Recurrent oral urcerations crinicalty

identical to

RAS

lesions are a major component of Behcet's syndrome, a disorder
also characterized by recurrent genital ulcerations, iridocycti-

tis,

and

to lesser extents arthritis,

rologic manifestations

tion has

(ctrajet< and

been generated as

cutaneous

lesions,

Fainaru, 1rgTs).

and neu-

Much specula-

to a simirar etiopathogenesis of

RAS

oral urcerations of Behcet's syndrome, yel the etiorogy
both entities remain uncertain (Haim, 1993).
and the

(h). Àssociation of

MiRÀS and

of

food allerqy

individuals have long associated the onset of MiRAS
with the intake of certain foods including chocolate, e99s, mi1k,
wheat, fruits (particurarLy tomatoes and strawberries), and nuts

(particularly walnuts) (ÀIvarez,

¡ Eversole et aL. , 1gg2) .
Numerous investigations have studied the rerationship of food
allergy to

1937

with conflicting results.
Tuft and Ettelson (1956) demonstrated the repeated formation
RAS

of MiRAS l-esions in a patient upon direct application of citric
acid crystals to the buccal mucosa, whereas such lesions courd not
in control individuals. À further sludy revealed the
onset of aphthous ulcers in a smarl number of atopic patients with
be produced

a positive history of

MiRÀs upon exposure

to citric acid or acetic

acid (ruft and Girsh, 1958). However, Kutscher et a1. (.l95g)
$¡ere unable to reproduce these findings in RÀs patients using
crystals of citric acid, potassium citrate, ascorbic acid,
ace¡ic acid.
Intradermal food

tests

and inhalant tests were

performed

or

on

18

patients utilizing 57 substances (Barbash et aI., 19sg).
The results failed to estabLish food allergy as a cause for the
lesions and the results did not differ significantly from those of
13 RÀs

non-RAS

individuals.

studies have indicated an increase in arrergic disorders
among RÀs patients (tuft and Girsh, 1958; spouge and Diamond,
963; I.iilson, 980 ) reLative to non-RÀs individuals. However, a
1

1

positive relationship of hypersensitivity predisposition and RAS
was not observed in the studies of Eversole et al.
(1992) and
Wray

et aI.

( 1 982 ) .

) studied the occurrence of MiRÀs resions in 6t
atopic individuals. À positive history of MiRÀs rlas reported in
34 (56%) of the patients. Eleven patients (1g%) could relate the
onset of ulcers to the intake of specific foods, incj_uding lomatoes, milk, e99s, and chocolate. skin-prick tests utilizing
extracts of these foods were positive in the patients, and an
intense pain could be elicited upon application of the offending
food to the aphthous ulcer base in six of the patients.
since an allergic reaction to foodstuff has been irnplicated
in lhe precipitation of RAS, antihistamine drugs and dietary
l,lilson

( 1980

manipuration have been proposed
ment

as

two possible methods

of treat-

of the disorder.

i.nhibits the release of histamine and sRS-À from nast cells, have been shown to be partially
effective in the treatment of RAS (rrost, 1973; Dolby and walker,
Disodium cromoglycate, which

1975; walker and Dolby , 197s; Kowolik et al., 197g). However,
zegarelli et al. (1953) and Dolby (1968b) found no apprecíabre
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of

lesions using other antihistamine drugs.
The elimination of gruten from the diet has led to the

improvement

RAS

plete remission of

RAS

in patients

who were

com_

also diagnosed as hav-

ing coeliac disease (Ferguson et ar. , 1976¡ Ferguson et al.,
1980). walker and coworkers (1990) placed eight RÀs patients with
no intestinal disease on a gluten-free diet with a resultant
reduction in ulcer number and pain. wray (.19g1) found that 25% of.
RÀs patients with no intestinal disease experienced complete
rem_

ission of lesions

when placed on an

diet. ship (1960)
observed 6 of. 7 severe RAS patients undergo remission upon instigruten-free

tution of a non-allergenic diet.

(3).

Evidence implicatinq an Immunol_oqic Basis

for

RAS

Although considerable investigation has been conducted in an
attempt to determine the cause for RÀs, no satisfying etiology has
been

estabrished to date.

abnormalities

Numerous

in the celrular

and,/or

studies, however,
humoral

immune

reveal

systens of

individuals suffering from RAS. Às a result, the literature is
replete with evidence implicating an immunopathogenesis for the

disorder. The evidence includes data from
tions,

microscopic observa-

associations, and various immunologic studies. These
include antigenic studies with microorganisms, food, and some
HLA

cross-reacting antigens. In addition, toxic immune responses such
as mucosal hypersensitivity, imrnune complexes, and antibody depen_
dent

cellular cytotoxicity

examined. several workers
have guantitated serum and sarivary immunogiobulins in RAS
have been

20

patients.

The

imrnunoenhancing

positive response of

to immunosuppressive and
drugs also lends support to an immunopathogenic
RAS

process.

(a).

Microscopic observations

Light microscopic examination of early RAS Iesions,

as

outlined earlier, reveals the presence of a dense lymphomonocytic

infiltrate in the lamina propria and lower epithelium (Stanley,
1972). This fulfills the histologic criteria of a delayed-type
hypersensitivity reaction as set forth by Coe et aI. (1966).
Additional support for such a hypersensitivity reaction was
suggested by the elecLron microscopic findings
Honma

(1976),

and Schroeder

et aI.

of Lehner

(1969a),

(1983). Lehner (1969a)

observed intracytoplasmic phagosome-like bodies within epithelial

cells of MiRAS lesions which
reaction pattern described

tions by Waksman (1962).

in

resembled

the "invasive-destructive"

delayed-type hypersensitivity reac-

(976) noted mononuclear cells
within the spinous layer of early RAS lesions which were interpreted to be activated T-lymphocytes in associaLion with phagocytic macrophages. In a recent study, Schroeder et al. (1983)
examined the ulcerative stage of MiRAS using stereologic electron
microscopic analysis of biopsied material. Rgain it was found
that lhe cells of delayed-type hypersensitivity reactions were
present. Macrophages composed a large proportion cf the infiilrate, and blast-forming T-lymphocytes were consistently noted.
Honma

Blast-forming B-lymphocytes, non-activated lymphocytes, and plasma

cells were not a consistent feature of the lesion during this
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stage.
The increase
MiRAS

in

mast

cell density

noted by Lehner (1969a) in

lesions when compared with normal tissue was also observed

al. (1983). A similar finding has been reported
in aphthous-like ulcers of Behcet's syndrome (Lehner, 1969a¡
Lichtig et al., 1980; Schroeder et a1., 1983) which has led to the
by Schroeder et

speculation that a cutaneous basophil hypersensitivity reaction,

a

forn of delayed type hypersensitivity reaction, occurs.

(b).

HLA associations

The strong

investigation of

HLA

familial

tendency

of

MiRAS

antigen association with the

has led to

the

disorder.

The

aI. (1976) and Dolby et aI. (1977) tailed to
show any significant differences in the frequencies of single or
studies of Platz et

shared HLA antigens between patients with and rvithout a

history of

RAS.

However, subsequent studies have revealed HLÀ and RAS corre-

lations.

Chall-acombe

et

a1.

(1977) observed significant

in the frequency of HLA-À2, HtA-812, and HLA-4w29 in RAS
patients when compared to normal individuals. Àn increased frequency of the former two antigens was confirmed in a study by
(1981b) observed a signifiLehner et al. (1979). Wray et al.
cant correlation between HLÀ phenotypes À2 and Bw4, and RAS.
increases

Studying a Finnish population Malmstrom

of

et aI.

(1983) reported

a

of the À11, Biz, and s13 loci
among MiRÀS patients than non-affected individuals. Gallina et
{.. (1985), in a recent study involving Sicilian subjects, demonhigher incidence

HLÀ

antigens
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strated a significant increase in HLA-DR7 antigen frequency in

to healthy controls. These authors
arso reported a significant decrease in HLÀ-B5 antigen frequency
in the MiRAS patients. such data would suggest a possibre immuno-

MiRAS

patients

when compared

genetic susceptibility with respect to
(c )

.

RAS.

Immunoloqic studies related
Much

to microorqanisms

investigation has been conducted with respect to

microbial agents and the pathogenesis of RAS. Attempts to implicate

viruses,

especiali.y

the

unsuccessful. such studies

herpes simplex

virus, have

been

have been adequately reviewed by wray

(1s82).

In the earJ.y .1960's speculation surrounded streptococcus sanquis as an etiologic agent of RAS. Barile et al. (1963) isolated
pure cultures of a preomorphic, transitional L-form of a probable
streptococcus from the lesions

of three patients suffering from
RAS. During a period of severe exacerbation it was possibre to
culture this organism from the blood of one of the patients. The
authors speculated that some cases of RÀs might be infectious in
nature with the stable L-form variant of the microorganisms representing a dormant carrier state. under an appropri.ate predisposing condition, such as trauma, the stable microorganism wouid
undergo change

to the pathogenic unstable pleomorphic L-form caus-

ing recurrent clinical lesions.

Stanley et a1.

( 1 964 )

,

examining histol-ogic sections,

observed microorganisms morphologically consistent
morphic slreptococcus

in 93% of

RAS lesions

thai

with

pleo-

were studied,
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Similar organisms were present in only

tive lesions,

and 41% of normal

oral

40%

of. non-aphthous ulcera-

mucosa obtained from autopsy

sourc es .

ViabIe

transitional L-forms of the pJ-eomorphic streptococcus, isolated from the l-esions of a RAS patient,
and heat-ki11ed

injected into rabbit skin and guinea pigs produced a delayed

when

skin hypersensitivity reaction which was clinically and histologi-

cally similar to a MjRÀS lesion

(Graykowski

et aI., 1964).

The

authors were able to culture the same streptococcal organisms from

the animal lesions.

aI. (1966)
on patients v¡ith RÀS and individuals having no history of RAS.
Skin tests were Lhen performed by Graykowski et

patients exhibited a positive delayed-type skin reaction
to a Streptococcus strain 2A23H0T vaccine, whereas only 17% of.

À11 RÀS

non-RAS showed

À series

a hypersensitivity reaction.

of in vitro

sensitivity were
RAS

and non-RÀS

experiments

conducted

to establish cetlular

hyper-

utilizing peripheral leukocytes

from

patients, and various antigens.

Streptococcal hypersensitivity was studied by Donatsky
Bendixen (1972) with

a leukocyte migration technique.

and

Upon expo-

sure to Streptococcus sanquis strain 2À antigen, leukocyte migra-

tion inhibition was achieved in leukocytes from I of 17 RÀS
patients, whereas no inhibition was evident with control- leukocytes.

A further study by Donatsky (1976a) invoLving antigenic
extracts of Streptococcus sanquis 2A, Streptococcus pvogenes M5¡
and adult human oral mucosa demonstrated a decreased migration
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index in patients with
Donatsky (1976b) then

RAS

showed

when compared to normal controls.

that the migration

with the clinical activity of
and

adult

migrat

human

oral

mucosa

RÀS when

Streptococcus sanquis

antigens were

utilized in

2À

leukocyte

ion tests.

Serum immunoglobulin

have also been

studies related to StreÞtococcus sanquis

conducted. Donatsky and Dabelsteen (1974a)

able to denonstrate higher levels of
Slreptococcus sanquis 2À in RAS patients
However, a

this

index correlated

correlation

organism

between

were

serum immunogJ.obulins to

than non-RAS individuals.

the level-s of humoral antibodies to

and clinical activity could not

be made (Donatsky,

1976b; Donatsky, 1978).

Àlthough these studies suggest

of

a strong case for

involvement

in the pathogenesis of RAS, contradicting findings are present. Francis and Oppenheim ('1970), utiIizing a leukocyte transformation test, exposed peripheral leukocytes from RÀS patients to heat-ki1led whole Streptococcus sanquis
2A organisms. A significant depression of transformation occurred
when patients were conpared to controls indicating a decrease,
rather than an increase, in ce11-mediated responsiveness. Martin
et a1. (1979) were also unable to demonstrate increased cellu1ar
immunity in RAS patients. In their study blastogenic responses of
peripheral blood leukocytes to Streptococcus sanquis antigens,
íncluding whole heat-killed ce11s, sterile culture filtrates, and
carbohydrate and protein extracts, were similar in RAS patients
during exacerbations and remissions, and in normal controls withouf, a history of RAS.
Streptococcus sanquis 2À

¿5

As

results from the

the

inconsistent,

a definitive cause and effect relationship

an infectious organism and
(d).

investigations

above

I mmunoloq i c

RAS

cannot be

are

between

made.

studies related to

oral

mucosa hypersensi-

tivitv
to oral mucosa have
been associated with RÀS and this has led to specu).ation for the
role of an autoimmune reaction in the pathogenesis of this disorAbnormal immunologic responses

der.

Lehner (1964), investigating the humoral aspect of this

theory, demonstrated by tanned ceJI hemagglutination a significantly higher titre of serum antimucosal antibodies to human fetaL

oral

mucosa

in patients with

RÀS

than in control individuals.

a further study (Lehner, 1969b) revealed that the hemagglutinating antibodies were not specific to oral nucosa, and that

However,

they cross-reacted with epithelia from the pharynx, Iarynx, esophagus, conjuctiva,

specificity

was

vagina, coJ.on, and skin. A tack of

species

also observed. Furlhermore, the antibody titres

did not correlate with the clinical activity of RAS. High serum

in RÀS associated with a lack of correlation to clinical activity was also noted by Donatsky (1976b) and
Donatsky and Dabelsteen (1974b) with respect to adult human oral
mucosa. In a laler study, though, Donatsky (1978) was unable to
establish an increase in circulating immunoglobulins to adult
antimucosal antibodies

human

oral

mucosa

in

RAS when

Indirect and direct

conpared

to

normal controls.

irnmunofluorescent

studies by

Lehner
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(1969a) and Donatsky and Dabelsteen (1974b) revealed specific

the epithelial cytoplasm of the sLratum spinosum, the site of epitheliaÌ damage
observed histologically in early RÀS lesions. However, Rogers et
aI. (.1975), utilizing the sera of RAS patients and substrates oi
fluorescent localization of IgG and IgM in

human

gingiva and monkey esophageal mucosa, were unable to

strate a specific

demon-

pattern. Bystryn et al.
(1973) observed circulating antibodies to the cytopl-asm of human
epidermal cel1s in normal individuals, in patients with various
dermatoses, and in patients with malignant tumors. This led the
authors Lo suggest that the epidermal anticytoplasmic antibodies
may represent a non-specific immunologic reaction due to the
immunofluorescent

release of epidermal cel1 antigens secondary to chronic or recur-

rent tissue damage. À similar process may explain the
non-specific nature of antimucosal antibodies present in

apparent

RÀS.

Cell mediated immune responses to oral nucosal antigens

have

) utilized a lymphocyte transformation test using saline extracts of fetal oral mucosa to demonstrate lymphocyte stimulation in 52% of. patients with active
MiRAS and MjRAS. A clinical correlation of lymphoblastic activity
during exacerbation and remission $ras noted in one patient who was
followed sequentially. Similar results were reported by DonaLsky
also been conducted. Lehner

(1967

(1976a¡ 1976b) when adult human oral mucosa instead

cral

of

human

fetal

nucosa t+as used as an antigen.

Dolby (1969) employed a typan bJue dye exciusion lymphocyte

cytotoxicity assay to invescigate
ÀJ-logeneic

ceLL-mediated reactions

epithelial tissue culture cells

were

in

RAS.

used as targets
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and exposed

to sera, lymphocytes,

and both sera and lymphocytes

from patients suffering from MiRAS, and control

significant difference

individuals.

rvas noted when serum alone was

added,

No

how-

ever, exposure to lymphocytes either alone or in patient's serum
resulted in decreased survival of the tissue culture.
Preincubation of the J.ymphocytes with rabbit anti-human lymphocyte
serum caused a suppression of the cytotoxicity (DotUy, 1970a), and
hydrocortisone succinate sodium blocked cytotoxic activity (oolby,
970b) .
A similar }ymphocytotoxicity assay by Rogers et al.
(1974) revealed a strong cytotoxic reaction in patients with
active RAS lesions, a mild reaction in RÀS patients during remission, and no reaction in patients with no history of RAS.
Findings consistent with those of Rogers et al.
were also
observed by Donatsky (1975ai 1976bi 1978) utilizing a leukocyte
migration assay. Inhibition of leukocyte migration occurred when
peripheral lymphocytes from RÀS patients were exposed to adult
1

human

oral mucosa,

whereas there t+as no migration

kocytes tested under the same

conditions. It

was

of control leualso noted that

inhibition migration indices correlated with the clinical

course

of the RÀS lesions.
Àlthough

of cellular

these observations suggest the possible

immune responses

to oral mucosa in

cccurrence

RAS, such

a concen-

is not universal. Reimer et aI. (1982) could not confirm
lymphocytotoxicity by peripheral blood lymphocytes on syngeneic
oral epithelial culture ceils using a modified chromium release
macro-assay. Peavy et al. (1982) failed to demonstrate activasus

tion of peripheral

RÀS

lymphocytes

to autologous oral epithelial
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cells during periods of

RÀS

a

exacerbation or remission using

l3gl

thymidine incorporation assay. Lymphocyte response r,las similar to

that of normal lymphocytes to their autologous epithelial cells.
Furthermore, Donatsky (1980), conducting an immunoelectropho-

retic analysis of the Streptococcus sansuis and adult human oralmucosa antigen extracts used in previous ce11-mediated investigations (Lehner, 1967; Dolby, 1969; Dolby, 1970a; Rogers et a1.,
1974¡ Donatsky, 1976a; Donatsky, 1976b; Donatsky, 1978)

demon-

strated contamination of the mucosal antigen extracts by
serum proteins and hemoglobin. The author

human

inferred that such con-

taminants could affect in vitro cellular responses and
removal

of the serum components be

performed

Lhat

in future experi-

ments.

The relationship between oral mucosal antigens and

RAS

remains unclear.
(e)

Immunoloqic studies

related to

antiqenic

cross-

reactivity

Às studies revealed abnormal immune responses to
Streptococcus sanquis 2À, human fetal oral mucosa, and adult human
oral mucosa, an antigenic cross-reactivity reaction between oral
oral bacteria was considered.
Wilton and Lehner (1968) performed immune absorption studies

mucosa and

between

ous

saline

homogenates

of human fetal oral

mucosae and numer-

oral bacteria including Streptococcus sanquis 2À.

With the

exception of LactobaciiLus acidophilus, antigenic cross-reactivity
was

not demonstrated. However, Donatsky (1975) utilized a double

29

layer immunofluorescence staining technique to demonstrate thal
some cross-reacting antigenic determinants were shared between
Streptococcus sanquis 2À, human fetal

oral mucosa.

The author

oral

mucosa, and

adult

human

also indicated that other antibodies

were

did not cross-react with the

bac-

produced by RAS patients which

terium and mucosae, thus explaining the negative results of wilton
and Lehner (1968).

(f)

Immunoloqic

Àlthough a

studies related to food antiqens

clinical association

between RÀS and expo-

sure to certain foods has been reported, âs outlined

vitro

immunologic

earlier,

studies investigating this relationship

in

have

been minimal.

Taylor et

(1964) utilized a coated tanned erythrocyte

al.

test to investigate

to bovine milk prol"ìns und
gluten in MjRAS patients and control individuals. À significantly
higher titre of antibodies to gluten fraction III,
alphaserum antibodies

lactalbumin, beta-lactoglobulin, and particularly casein were
onstrated in the

RAS

The findings

dem-

patients.

led

Thomas

et aI.

(1973)

increased serum antibodies r+ere due either

to speculate that

the

to a hypersensitivity

to food proteins leading directly to ulceration of oral mucosa, or
a normal response to food proteins which were being absorbed in
increase<i amounts through a damaged mucosa. In addition lhey suggested that a secretory IgÀ deficiency was allowing increased
absorption of tood antigens lhrough a normal mucosa. The authors
srudied the sera of patients with MiRAS, pâtients r+iLh non-
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aphthous

oral ulcerations,

and healthy

control individuals for

the

of antibodies to certain food antigens. Total serum
immunoglobulins of the IgÀ, IgG, ano IgM classes vrere also esti-

presence

mated.

Significantly higher titres of serum antibodies to bovine
milk antigens were present in MiRAS patients than normal controls,
con f i rmi

ng the

data of

Tay).or

et al .

( 1964 )

increased serum antibody concentrations were

.

However,

similar to those of

patients with other non-aphthous oral ulcerations. Total
I9À, I9G, and lgM immunoglobulin levels in the

normal.

The

MiRAS

serum

patients

were

authors concluded that due to the diversity of

ulcerative disorders studied, prinnary hypersensitivity to
antigens was probably not the

tions,

t,hese

direct

cause

and the elevated serum antibodies

of the

MiRAS

the

food

ulcera-

to food antigens rvas sec-

ondary to increased absorption through already damaged nucosa.
Àlthough sarivary IgA immunoglobulin levels were not el-evated, the

normal serum IgA concentrations in the MiRÀs patients led the

authors to state that increased absorption of food antigens
through normal mucosa was not a probable
Ce11

mediated

immune

etiologic consideration.

responses to food antigens were con-

et al. (1982). in vitro histamine release by 1eukocytes from RAS patients and non-RAS patients was observed rvhen

ducted by Wray

cells

to various environmental and food antigens.
Their findings showed that atopic individuals exhibited a sirnilar
Lhe

rvere exposed

to food antigens independent of the RÀs hislory.
A higher incidence of histamine release was noted in non-atopi.c
RÀS parients than non-atopic non-RAS individuals. Hov¡ever, the
iristamine release
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study revealed a poor correlation betv¡een fooo antígen induced

to these foods, as well
as food antigen induced histamine release and the ability of these
foods to produce RAS lesions.
Furthermore, elimination of
histamine release and a history of allergy

suspecced RÀS precipitating foods from the

diet did not completely

eliminate the occurrence of the lesions.
Due

antigens
RAS

to the limited in vitro investigations regardi.ng food
and RAS, the involvement of food in the pathogenesis of

remains unclear.

(g).

Immunoloqic studies related

to presence of

immune com-

pl exes

Circulating and tissue-bound immune complexes

a role in the tissue

may play

in RAS.
williams and Lehner (197'j), using plasma fractionation and
damage

hemagglutination-inhibition assays, demonstrated immune compLexes
in 3 of '11 RAS patients studied. Later, Levinsky and Lehner
(1978), again by hemagglutination-inhibition, noted increased lev-

els of circulating IgG immune complexes in 12 of.30

Circulating

immune complexes

palienLs by Burton-Kee et

RAS

were isolated from 11

al.

patients.

of.

23

RAS

(1981) using a polyethylene gLycot

precipitation technique.
Direct

immunofluorescence microscopic

in subepithelial vesand Gor1in, 1978¡ Malmstrom et aI., 1983) and C3

has revealed a high incidence

sel walls

(Ullman

studies of RÀS lesions

of

C3

deposits

along the basement membrane zone (Donatsky and DabelsLeen ,
Ullman and

1977 i

Gorlin, 1978). Similar findings, although to a lesser

J¿

degree, have been noted in other studies

(Van Hale

et al.,

198.1;

1983). The presence of igM (Ul1man and Gor1in,
1978; Reimer et al., 1983), I9A, and fibrin (Ullman and Gorlin,
1978) has been reported in subepithelial vessel walls in RAS, and
igG and fibrin have been noted within the basement membrane zone
(Van Hale et al., 1981) of RAS lesions.
Although the pattern of immunoglobulins and complement in RAS
lesion tissue may vary, the findings suggest that immune complex
deposition may be a possible immune mechanism initiating the complement cascade and resulting in tissue destruction.
Reimer

et aI.,

(h).

Immunoloqic studies related to antibodv-dependent cel-

lular cytotoxicitv
The possible

role of antibody-dependent cellular cyto-

toxicity (¡nCC) with respect to RAS was investigated by Greenspan
et aI. (1981 ).
Utilizing chicken red blood cells coated with
rabbit anti-chicken red blood cell antibodies as targets, cytotoxicity by peripheraJ. leukocytes from patients during various stages
of RAS was compared with that from sex- and age-matched paired
controls. The leukocytes from patients with early aphthous
lesions exhibited significantly higher ADCC than their matched
controls, leading the authors to speculate that ADCC plays a role
in the early stages of RAS. They proposed that other immune
mechanisms such as the formation of immune complexes are involved
in later stages.
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(r)

Immunoloqic studies related to

bulin Levels in

total

serum imnunoqlo-

RÀS

The concentration

of

serum immunoglobulins

ious classes has been investigated in

RAS

of the var-

in order to ascertain if

levels are present in the disorder.
Brody and Silverman (1969), using the single radial

abnormal-

diffusion technique of

of

serum IgA

in 6 of I

immuno-

Fahey and McKe]vey (1965), noted a decrease
RÀS

patients.

No

quantitative figures

were

reported, however.
Lehner

in

( 1 969c

)

70 patients r+ith

estimated serum imnunogJ.obulin concentrations
RAS

lesions,

and 30 normal individuals using

the radial immunodiffusion technique of Mancini et aI.

(

1963).

Àlthough increased levels of serum 19À and IgG were noted in
patients with RAS as

to normal controls, statistically
significant increases were observed only in patients suffering
compared

from MjRAS. The author stated
were consistent

that the raised IgA and igG levels

with levels found in such autoimmune disorders as

systemic lupus erythematosus, rheumatoid

drome, and ulcerative colitis.

of the immunodiffusion

arthritis, Sjogren's syn-

Lehner described the

technique

limitations

and stressed that the

values

reported should be regarded as estimates.
The study

of

Thomas

et aI.

bodies to food anligens in

RAS

(1973) dealing with

serum

anti-

patients established that the total

IgG, IgA, and IgM concentralions were within the range of
normal controls. The radial immunodiffusion technique described
by Mancini et aI. (1965) was utilized,
serum

34

Ben-Àryeh et

immunodiffusi.on technique

and igA serum levels

in

of lesions,

also using the radial
of Mancini et al. ( 965) , studied IgG
(1976)

a1.

RAS

,

1

patients during the exacerbation

and

their sera to healthy controls.
The authors found similar leveIs in all groups, and no correlation
remission

comparing

levels of IgA and IgG, and the clinical- condition of
the RAS patient.

between serum

Malmstrom

et al.

( 1 983

) found that

totaJ- serum

I

gA,

I 9G,

IgM, and IgE l-eve1s in patients r+ith MiRÀS and MjRAS patients were

limits.

of the 14 I'fiRÀS patients studied had
elevated concentrations of total igE. The method of determining

within

normaL

Two

these results were not stated.

ScuIIy et

al.

(1983) estimated serum igE and IgD concentra-

patients, 20 patients with non-aphthous oral
ulcerations, and 39 control subjects. A solid-phase radioím¡nunoassay technique (Ceska and Lundkvist, 1971) rvas utilized to
determine total serum IgE levels, and a single radial immunodiffusion technique (fahey and McKel-vey, 1965) was used for IgD concentrations. Total serum IgE concentrations in RÀS patients were
significantly higher than those in the other two experimenlal
tions in 80

groups

RAS

studied.

els of this

However, the IgE

levels were not as great as lev-

immunoglobulin observed

in patients with atopic dis-

1967). Within the RAS group the serum lgE concentrations were similar in MiRAS, MjRÀS, and HU patients. Serum
IgD leveIs were also significantly elevated in the RAS group.
ease (Johansson,

Again MiRÀS, MjRAS, and HU individuals were found

Table

I

summarizes

to be similar.

the findings of the above studies.
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(jl.

Immunoloqic studies rela

noqlobulin leveis in
As a means

t ed

to

total ggtiregl¿ immu-

RÀS

of evaluating the local

of the oral cavity in RÀS, total salivary

immunologic status

immunoglobulin concen-

trations have been studied.
Lehner (1969c) attempted to estimate total salivary immunoglobulin concentrations of the I9A, IgG and IgM classes in 22
MiRAS

patients and 15 control patients. Stimulated whole saliva

rvas concentrated 20

times and immunogLobulin levels were assessed

by the radial immunodiffusion technique of Mancini et

aI. (1963).
Salivary IgA concentrations in RAS patients were similar to the
concentrations in normal controls. Lehner detected the presence
of IgG in about 90% oÍ. whole saiiva samples but comparisons were
not nade. IgM was not detected in any of the saliva samples.
Kakizawa et a1. (1973) performed longtitudinal studies on
in healthy subjects and patients suffering from RAS during various stages of the RAS lesions.
Unstimulated whole saliva was evaluated for IgA l-evels using the
radial immunodiffusion technique of Mancini et a1. (1965). The
authors were able to demonstrate, in RAS malesr ân increase in
salivary IgÀ during early stages of the lesions, and a decrease
during the later stages. In RÀS females, salivary IgÀ concentrations decreased during recovery if the attacks were related to
their menstrual c1'cIe. If the lesions were not related to the
menstrual cycIe, Do relationship between stages oi ulceration and
IgÀ in saliva was ncted. Kakizawa and coworkers, however, did not
saJ.ivary IgA concentrations

36

and exact
subject thej.r results to statistical analysis,
quantities of salivary igA in the RAS patients were not stated.
(1976) were unable to confirm the findings
Ben-Aryeh et aI.

of
1

Kakizawa

et al..

Who1e

unstimulated saliva of 21

RÀS

patients,

0 in a remission stage, 1 1 in an acute exacerbation stage,

compared

to whole unstimulated saliva of

22

healthy controls.

Salivary IgA concentrations were assessed using the radial

diffusion techniques of Mancini et aI.

(1

t+ere

immuno-

965). AII three

groups

exhibited similar salivary IgA Ievels. Furthermore, a longtitudi-

nal study involving
conduc

ted.

No

RAS

patients

correlation

salivary IgA concentrations

control subjects

was

the clinical condition

and

and healthy

between

was found.

Bennet and Reade (1982) assayed whole unstimulated

saliva for

IgÀ concentrations using an automated turbidimetric technique with

the antibody-antigen reaction enhanced

with

polyethylene glycoI.

Unslimulated whole saliva was collected from

12 males suffering

of both exacerbation and remission, and
i2 healthy control individuals. Level-s vrere comparable in all
three clinical situations.
Table II summarizes the findings of the above studies.
from MiRÀS during stages

(k).

Immunoenhancinq and

treatment of
The

tn

immunosuppressive druqs

the

RAS

majority of individuals experiencing

MiRAS

lesions

have infrequent episodes, with solitary lesions. Since

the

lesions are self-limiting and run their course in'10 to'14 days,
trealment

is rarely instituted.

However,

in individuals

who have
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frequent attacks of MiRAS

ulcers, or multiple lesions during any

one episode, ireatments have been

atiempted.

Due

to the numerous

studies implicating an immunologic basis in the pathogenesis of
RAS,

clinical trials involving immunoenhancing

and immunosuppres-

sive drugs have been carried out.

drug levamisole has been investigated
extensively with respect to RAS lesions, and its use has been
reviewed by l"lilIer (1980). Numerous open studies have revealed a
The

immunoenhancing

high degree of beneficial results among patients (Verhaegen et

aI.,

1973¡ Symoens and Brugmans, 1974¡ Olson

et al., 1976;

Van de

Heynig, 19i8).
However, double-blind placebo

conflicting results.

Some

controlled studies have yielded

investigations revealed no statistical

or subjective improvement which could not be supported by statistical analysis (Drinnan and Fischman, 1978; Gier
et al. , 1978; Miller et al., 1978; 01son and Silverman , 1978).
0ther double-bIi.nd studies were able to establish positive
improvement of iesions with the use of levamisole (lehner et al.,
1976¡ De Meyer et al., 1977; De Cree et al., 1978,; Zissis et al.,
improvement,

1983).

However, the use

of levamisole carries with it the biologic

penalty of possible side-effects, the most
hyperosmia, and nausea (Symoens and

common

Brugmans

,

being dysgeusia,

1974).

also been tested clinicatly due
to their anti-inflammatory effect. Systemic and topical steroids
Immunosuppressive drugs have

have been shown

some cases

to decrease the duration of RAS lesions and in

to decrease the incidence of lesions (Cooke and

38

; Zegarell i et â1.,'1960; Graykowski et al. , 1966¡
Merchant et al., 1978; Yeoman et aL. , 1978i Pimlott and WaIker,
Àrmi

tage,

1983 )

1

960

.

Treatments

of MiRAS, including those

been adequately reviewed by Antoon and
saJ-J-y

effective therapy has yet

been

mentioned

above,

have

Miller (1980). No univeridentified, and treatment

often remains empirical.

(4).

Ouantities of Immunoqlobulins
The immunoglobulin

of locaIly

content of

Normal Whole

whoLe

saJ-ivary

glands.

Human Sal i va

saliva is a reflection

produced immunoglobulins transported

major and minor

iocally

1n

and secreted by

Serum immunoglobulins

produced nucosal immunoglobulins entering the

and

oral cavity

through surface and crevicular epitherium as transudative and exu-

dative proteins also contribute, although to a lesser extent.
Numerous

investigators have estimated the content of the var-

ious immunoglobulin classes in normal whole

human

sariva with var-

ying results. Surveys of the literature indicate that the varia-

tion in results may derive in part from technical factors. There
has been no standardization of the collection, concentration, and
storage of saliva. In addition, differences in the quantitation
techniques, and the use of different types of standard proteins in
assessing the immunoglobulins (Lehner, '1969c; Brandtzaeg

et aI.,

1970; Gronblad, 1982) contribute to the variation in resuLts.
Table

iiI

findings of the stucies
concentrations of the IgA, IgG, IgM, and

summarizes the methodology and

reporting immunoglobulin
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igE classes

(

5)

in

normal rvhole human saliva.

. Factors Affectinq Salivarv
The concentration

of

Immunoqlobulin Concentration

saJ-ivary immunoglobulins are influenced

by numerous physiologic and pathologic conditions.
Mandel and Khurana

(1969) and Brandtzaeg (1971) observed

a

in salivary IgA concentration after stimulation of salivary flow. This was confirmed by Gronblad (1982) who noted that
IgG levers in stimulated whole saliva did not change significantry
as compared to unstimulated whol-e saliva, whereas IgÀ and igM leveIs decreased after stimulation.
Widerstrom and Bratthall (1984) studied salivary IgÀ concentrations during pregnancy and the various phases of the menstrual
cycLe. igA l-eve1s in saliva were found to be increased in pregnant females as compared to non-pregnant controls, with markedly
elevated levels during the third trimester and immediate post partum periods. No significant differences in salivary IgÀ concentrations were noted during the three phases of the menstrual
cycIe. This latter finding contrasted that of Kakizawa et aI.
(1973) who found both increases and decreases of salivary IgA in
decrease

females during the menstrual cycle.

Richter et

al.

(1980) found

in salivary
IgA levels during the course of a day with a minimum average at 11
e.m., and a maximum at 5 p.m.. However, a longtitudinal study
performed by Bennet and Reade

significant

changes

(1982) could not

show any

relation-

ship between time of day and salivary IgA concentrations in whoie

40

saiiva. This ratter study also investigated salivary
IgA leveJ-s in tobacco smokers and non-smokers. No siatistical
difference in salivary IgA concentrations was detected between a
group of individuals that smoked more than 20 cigarettes a day for
20 years and a matched control group. However, a highly defined
tobacco smoking group of individuals that smoked in excess of. 20
cigarettes a day for at reast 40 years was found to have a significant decrease in salivary IgA leve]s when compared to a matched
unstimulated

control

group.

The use

of medications may affect the concentration of sali-

vary immunogroburins. Phenytoin (diphenyldantoin), an antiepilep-

tic

compound, has been found

els in saliva (¡arli
Aarli

, 1976).

in certain studies to reduce IgA lev-

and Tonder,

1975;

Seager

et al., 1g7S;

However, more recent investigations (smitn

1979; Modeer et al.,

1981

) were

unable

to

confirm

and

et ar.,

this

IgÀ

decrease during treatment with phenytoin.
The

relationship of salivary

immunoglobulin

and systemic diseases has been investigated

by

levers to oral

numerous authors.

Normal, decreased, and elevated leveLs of salivary IgÀ in

whole

saliva have been reported in studies invorving caries susceptibre
individuats (Brandtzaeg, 1975; Everhart et al., 1g77i Twetman eL

â1.,

). Elevated leveLs of IgÀ in whole saLiva, direclr.y
reiated to the severity of periodontaL inflammation, have been
observed in the vast majority of studies involving periocontitis,
as reviewed by Guven and De visscher (1983). The studies of
(1973) and Hyyppa (1980) demonstrated that erewaldman et al.
1981

vated salivary IgE levels occurred more frequently

in individuals
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suffering from extrinsic

asthma

than in

normal

healthy control

subjects.

(6).

Role
The

oi

immunoql-obulins

in saliva

secretion of immunoglobuLins into saliva is only

one

of the body's secretory immune system. The majority of
studies undertaken on secretory immunity have concentrated on
secretions into the 9ut, and stimulation of secretory immune
responses through Peyer's patches (Bienenstock and Befus, 1980;

component

Tomasi

, 1982). Relatively

few studies have placed specific

empha-

activities of salivary immunoglobulins, and tend to concentrate on salivary IgA and its role in
the etiology of caries and periodontal disease.
In saliva IgA and IgM are selectivel"y transmitted through,
and actively secreted by salivary glands predominantly as 11S IgA
(secretory lgÀ) and 195 IgM molecuLes (Brandtzaeg, 1971 ). These
polyvalent antibodies containing a secretory piece which confers
resistance to proteolytic degradation, represent a first line of
sis on the control of secretion

and

defense against exogenous antigens (Brandtzaeg, 1966¡ Brandtzaeg

et al. , 1970; Tomasi, 1972).
I9À, in a monomeric 75 form, IgM without a secretory piece,
and IgG are also present in saliva as exudative and transudative
serum proteins passively transmitted in smalL amounts through
glandular, surface, and gingival- crevicular epitheiium
(Brandtzaeg, 1965). Àn increase in the quantities of IgA, IgG,
and igM in whole saliva can be observed in patients suffering from
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gingivitis

to an increase in the inflammatory exudate through the gingivat crevice (lindstrom and Folke,
1

and

peri.odontitis

968; Brandtzaeg et a1. ,

1

970 )

Whether IgE and IgD

due

.

are transferred into saliva

remains

uncertain. Although an active glandular transfer and secretion

IgE

of

by the studies of Bennich and Johnson
et al. (1912), the mechanism is not compa-

has been suggested

(1971), and Ozkaragoz

rable to that

f

or secretory

i gA and t gt'l (Waldman

et al. ,

1973)

.

of IgD in whole saliva has onJ.y recently been demonstrated (Sewell et al. , 1979), No theory on the transfer mechanism of this immunoglobuJ.in into saliva has been proposed.
Secretory IgÀ and, to a lesser extent, I9M, represent the
principal mediators of humoral immunity in saliva. Numerous protective roles have been attributed to these imnunogJ-obulins in
saliva and other secretions including antiviral activity, antibacterial activity, and inhibition of absorption of non-viable antiThe presence

gens (tomasi, 1 982)
The

.

virus-neutralizing ability of secretory IgA and igM is

well established
and Brandtzaeg

,

(Brandtzaeg

1973)

et a1., 1970¡ Tomasi, 1972i

Hanson

"

Antibacterial activity by secretory immunoglobulins, although
not as well documented, is also recognized. The coating

and

agglutination of bacteria by secretory IgA have been reported

by

aI., 1968; Newcomb and de Vald,
1969¡ McClelland et aI. , 1972; Williams and Gibbons , 1972) .
Secretory igA is able to complex with bacterial glycoproteins,
thus impairing attachment and colonization of the bacieria lo
numerous

authors (Brandtzaeg et
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mucosal and hydroxyapetite surfaces

(Bratthall

secretory IgA may complex with proteins
epithel-ium

and

carlen,

1978).

on the surface of

oral

and teeth giving rise to a protective immunogl-obulin

it is not certain that secretory
IgA can promote phagocytosis of bacteria through opsonization.
Girard and de Kalbermatten (1970), Knop et al. (1971), and Tomasi
(1972) reported opsonization of Escherichia coli in the gut by
coat

(Heremans

et al. ,

1

966 )

"

secretory IgA with subsequent phagocytosis, however, other authors
(naaie et al., 1971i Wilson, 1972; Zipursky et al., 1973) were

activity to igÀ. The phagocytosis promoting effect of IgM antibodies has long been recognized (nowley
and Turner, 1966). Àlthough IgÀ is unable to fix complement via
the classic pathway (lshizaka et al., 1966; Vaerman and Heremans,
1968), Adinolfi et al. (1966) and Burdon (1973) were able to
demonstrate that secretory IgÀ, in the presence of salivary
enzymes, can exhibit a bactericidal effect. This has Ied to the
unable

to attribute

such

speculation that activation of complement via the alternate pathrvay may

zyme

be involved. IgM in conjunction with complement and lyso-

can result in the lysis of bacteria (Clynn, '1969).

In

saliva, complement factors are available from gingival crevicular
fluid (Brandtzaeg, 1966i Shillitoe and Lehner , 1972; Larsson et
ô1.,

1973).

in

also inhibit the absorpticn of
non-viable antigens across mucous membranes. It has been proposed
that secretory aniibodies with specificity for food antigens limil
Immunoglobulins

sal-iva may

absorplion and access of these antigens to the general circuration
through the formation of non-absorbable antigen-antibody complexes
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(Tomasi, 1972).

Hanson and Brandtzaeg

(1973) have reviewed

the

with igA hypogammaexhibit an increased permeability to and absorption

studies which indicate that some individuals
globurinemia

of food and milk proteins with subsequent increases in circu]-ating
immunoglobulins specific to these antigens.
IgG immunogJ-obulins in secretions are not afforded the protection of the secretory piece against protease degradation.
However, the relativeJ.y high concentrations of IgG in whol_e
saliva, and the presence of complement factors has led Brandtzaeg
(1975) to speculate on the potential for bioLogicaJ- amplification
of IgG-antigen reactions in whole saliva, especially within the
gingival crevice. These protective reactions include virus and
toxin neutralization, enzyme inhibition, allergen blocking, bacteriolysis, chemotaxis and opsonization.
The roles of IgE and IgD in saliva are uncertain.
i t has
been shown that salivary IgE concentrations are elevated in asthmatics (Hyyppa, 1980), and that gingivitis scores are greater in
asthmatics than healthy contrors when plaque indices are compara-

1979). This has led to the speculation that
the presence of igE in saliva may be associated with immediate
type allergic reactions involving the oral mucosa and gingiva
(uyyppa, '1980). The function of igD in saliva is unknown.
ble

(Hyyppa

(7).

et al.,

Proteases

affectinq

Enzymes abound

most

part,

from

in

immunoqlobuiins

in saliva

originate, in the
(Nakamura and Slols, 198_?).

whole human saliva and

oral microorganisms
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Plaut et al-.

(1974) demonstrated

that Streptococcus sansuis pro-

in saliva, which is capable of cLeaving
IgA in the hinge region. Kil j.an et a1. (1983) were abl-e to identify numerous other bacteria, including Streptococcus mitior and
the suspected bacterial etiologic agents in periodontal disease,
which produce an enzyme with a similar lgA protease activity.
Most strains of the oral organisms Bacteroides qinqivalis, and all
strains of Bacteroides intermedius possess a particularly potent
IgÀ protease activity (Kilian et 4. , 1983 ) . Furthermore, the
proteases from certain strains of Bacteroides qinqivalis and
duces an enzyme, present

Bacteroides melaninoqenicus are capable

of

complete degradation of

IgA1, IgA2, secretory IgA, and polyclonal igG

(nilian, 1981 ).

KiLian and coworkers (1983) were able to inactivate
proteases from

EDTA,

or

the

numerous

all

IgAl

bacteria studied with either 0.125

0.01 M bathocuproine

M

disulfonate. Traditional serine

protease inhibitors such as phenylmethylsulfonylfluoride, Ciiso-

to

be ineffec-

in saliva r,rhich cleave IgM, igE, or

IgD have not

proprylfluorophosphate, and aprotinin were found

tive.
Proteases
been studied.

CHÀPTER I I

i

METHODS AND MÀTERIALS
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(1).

Subiect Selection

patients, exhibiiing one or more MiRAS
lesions in the ulcerative stage, were selected to participate in
this study. Twenty-eight individuals with a negative history of
RÀS, matched to the MiRÀS patients with respect to age and sex,
Twenty-eight MiReS

were selected as

Q). Clinical

control subjects.

Examination

Certain physiologic and pathologic

phenomena have been asso-

ciated with increased levels of salivary IgÀ including
(l^iilderstrom

and Bratthall, 1984]l, tobacco smoking

Reade, 1982), the presence

et a1.,

1977; Twetman er.

pregnancy

(Bennet and

of caries (Brandtzaeg, 1975; Everhart

a1., 1981), and the

presence

of periodon-

ta1 disease (Guven and De Visscher, 1983). Às a consequence clin-

ical

and subject history verified the presence or
of these factors. The oral cavities of all participants

examination

absence

of carious teeth, and the Gingival
Index (Loe, 1967) score were recorded for each subject. In the
test group the presence of MiRAS lesions were verified.

rrere examined, and the number

(3).

Subiect Historv

to give details regarding any allergies, systemic diseases, tobacco smoking habits, use of medications, and pregnancy status. Suspected precipitating factors
Each subject was asked

involving the onsel of

MiRÀS

lesions were also noted.
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(4).

Collection of saliva
Whole

unstimulated saliva was collected from each subject

protocol. The subject, seated at a table,
swallowed all sariva present in the mouth. l,jith the head tilted
forward and the mouth open very slightly, saliva was allowed to
drip from the lower lip into a graduated tube, the lower half of
which was immersed in ice water. Upon collection of 3 ml of
saliva in this manner, the subject forcefully expectorated the
saliva remaining in the mouth in order to collect the viscous
minor sarivary gland secretions. since one group of investigators
(Richter et a1., 1980) found changes in salivary igA leve1s during
a 24 hour period, the saliva from the paired age- and sex-matched
indíviduals were collected at the same time of day.
using the following

(5). Treatnent and Storaqe of Saliva

Each saI iva sample was vortexed for one minute.
Five-hundred microlitre aliquots of saliva were each diruted with
400 uI of PBS buffer (0.008 M NazHpO4, 0.0018 M KHzpO¡, 0.137 M
NaCl, and 0.1% NaN¡ pH 7.a) with 0.281 M EDTA. The saliva solutions were stored at -700C in 1.5 mI poJ.ypropylene eppendorf tubes
(Sybron/nrinkman Instruments, Rexdate, Ontario) for less than 6
months.
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(6).

Preparation of a Secretorv

lg\

Standard

(a). Materials:
Human

colostrum

BioRad

protein macro-assay kit

0.45 um filter, Sybron/ttalge Nalgene Labware
Amicon

Diaflo ultrafilter

system r+ith 100,000 mol wt

f i lter
Sephadex G-200

(fine)

DEAE Sephacel

Rabbit immunoglobulin to

and

secretory

DAKO-immunogJ.obul i

human

colostrum IgA (a chains

component

)

lot:

01 98

n Ltd.

Rabbit immunoglobulin to human colostrum IgA specific

for o chain Lot: 095 DÀKO-immunoglobulin Ltd.
Rabbit immunogLobulin to human IgM (¡ chains) lot:
01

3À DÀKO-immunoglobulin Ltd.

Rabbit

Lot:

immunoglobulin

to

human

111À DÀKO-immunoglobutin

Antiserum (goat)

IgG (r Fc

fragment)

Ltd.

to human serum Lot:

8030F003À Hyland

Diagnostics

Molecular weight protein standards

for

SDS

gel elec-

frophcresis Lotz 28037 BioRad Laboratories.
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(b).

Method:

The secretory IgA standard was isolated from

human

colostrum using a modification of the procedure set forth

by

isolation

of

JohnsLone and Thorpe ( 1982) which describes the

IgA

colostrum. À secretory IgA standard
with no contamination was the primary objective during the isclation procedure. Therefore, high yietd of the immunoglobulin was
secretory

from rabbit

sacrificed to a certain extent to ensure a product of high purity.

(i). Clarification of
Human colostrum

human colostrum

from three subjects was col-

lected less than three days post partum and pooled, as the

tration of secretory IgA in
after 72 hours (Ogra and Ogra ,

human colostrum decreases rapidly
1978),

The pooled colostrum r+as mixed
NaCl and centrifuged
aqueous

at

concen-

100,000

with a one-half volume of.0.9%

g for t hour at 4oC.

The clear

layer between the floating fatty layer and the pellet

removed. In order to

remove

milk proteins such as casein,

was

the

solution was stirred, brought to a pH of 4.0, and centrifuged at
30,000 g

for 30 min. at 4oC.

supernatant

neutralized r+ith 2 M tris.

centrifuged in this

a 0.45

um f

The

The peLlet

same manner and

was discarded and the

The

solution

was again

the supernatant passed through

ilter.

protein concentration of the fil.tered solution was estab-

lished using

r-he BioRad

protein

macro-assay technique and concen-

trated to an approximate protein concentration of 20 ng/nl

using
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an Amicon Diaflo ultrafiltration system with a 100,000 mol wt
filter. The concentrated soluti.on was centrifuged at 650 g for 10
minutes at 4oc, and the pellet was discarded. This supernatant,
clarified corostrum, represented the source of secretory IgÀ to be
separated by geL filtration and ion exchange chromatography. Its
optical density at 280 nm, and its protein concentration determined by the BioRad protein macro-assay technique, were established. The presence of secretory IgÀ and other immunoglobulins
was tested by the Ouchterlony double diffusion technique. The
antisera used incruded rabbit antisera to
secretory component, human IgÀ o chains,
igG 7 Fc fragments, and goat antiserum

(ii)

Gel filtration

human

colostrum IgA

human igM,u

to

chains,

and

human

human serum.

chromatography

of clarified

colostrum

À 2.6 cm (internal diameter)

x 100 cm coLumn
was packed at 4oc with 500 mI wet settled volume of sephadex G-200
(fine) in 0.1 M sodium phosphate buffer pH 5.8 with 0.'l% sodium
azide. caribration of the corumn using blue dextran, partially
purified IgG, bovine serum albumin, ovalbumin,

and RNAase

at vari-

rates, volumes, and loads was conducted to establish a
maximum flow rate, sample volume, and sample protein load. Five
millilitres of the clarified colostrum was applied to the G-200
column and eluted with 0.1 M sodium phosphate buffer pH 6.8 with
0.1% sodium azide at 4oC. The flow rate was 18 m\/hr and 4 ml
fractions were collected. The absorbance of the eluate was monitored at 280 nm and lhe proteins were collected as a series of
ous flow
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four peaks. Various fractions within peaks 1, 2, 3 and 4 were

tested for the presence and identification of immunogrobulins
using the Ouchterì-ony method described above. The fractions of
peak 1 containing secretory IgA were pooled. peak 1 was dialyzed
against 0.01 M sodium phosphate buffer pH 7.5 using dialysis
buffer

voLume 50 times

the

sampre

changed three times over three

trifuged at 650 g for

10

volume. The dialysis buffer

days.

min at

The dialyzed sample rvas cen-

4oc and the

This supernatanl, treated G-200 peak 1,

caI density (at

was

rvas

peIlet

was discarded.

characterized by opti-

280 nm), protein concentration (gioRad), and pres-

ence of immunoglobulins using the ouchterlony method described
above.

(iii).

Preparation

of ion exchange column

millilitres of wet settled volume of
DEÀE sephacel was activated with 30 ml of 0.50 M sodium phosphate
buffer pH 7.5 for I hours at room temperature. The activating
buffer was replaced with a starting buffer of 0.01 M sodium phosphate buffer pH 7.5. This ion exchange gel was packed into a column measuring 1.5 cm (internal diameter) x z1 cm. The ion exchanger was washed with the starting buffer for 16 hours at room
temperature at a flow rate of 20 nl/hr to equilibrate the gel.
To ensure that both the treated G-200 peak 1 sample and the
Twenty

ion exchanger rvere furry equilibrated, the electrical conductivity
and pH of the sample,
?.,ere

the eluting buffer,

and the eluate buffer

measured. Electrical conductivity values and pH values were

verified to be the same for all solutions.
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(iv)

Ion

exchange chromatography

of treated

G-200

peak 1 sample

Forty millilitres of equilibrated treated c-200
peak 1 sample,

the

DEÀE

2.5

0.46

ng/nl,

was applied to

sephacel column. The column was eluted r+ith the starting

buffer at
of.

ât a concentration of

room temperature

at a flow

rar-e

of 20 nr/hr. Fractions

ml were collected and absorbance was monitored

until

no

further proteins were eluted.
This procedure rlas repeated with eluting buffer

molarities of

of

increasing

in phosphate buffer pH 7.s, The
molarities of NaCl were 0.05, 0.10, 0.15, 0.25, and 0.50. ÀlI
peaks obtained from elutions i¡ith optical density values at 280 nm
greater ihan 0.20 r+ere tested for the presence of immunoglobulins
sodium chLoride

using the Ouchterlony method as outlined above.
(v)

Treatment

of

DEAE

fractions containing secretory

IgÀ

fractions from DEAE peaks produced by NaCl
molarities of 0.10, 0.15, and 0.25 were pooled and laberled DEÀE
peak 2, DEAE peak 3, and DEÀE peak 4 respectively. These solutions were Lyophilized and resuspended in 2.b mr pBS buffer pH
7.4, The three solutions were dialyzed against pBS buffer pH 7.4
The

above. The three samples were then centrifuged at
65c a for 10 min at 4oc and the pellets were discarded. optical
densiiy values and protein concentrations were recorded for the
three peaks. A generalized scheme of the secretory igA isolation
as described
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procedure

is outlined in Table IV.
(vi

SDS-PÀGE

)

anaJ-ysis

of clarified colostrum,

G-200

and DEÀE fractions

further

To

IgA isolated from

assess the

purity of the secretory

colostrum, an SDS-pÀGE anaJ_ysis of the
various substrates and fractions collected during the geJ. filtration and ion exchange chromatographies was performed. Molecular
human

weight protein standards

sisted of lysozyme

(mo1

for the

sDS-pÀcE

wt 14,400),

wt 21,500), carbonic anhydrase

(mo1

anarysis (sioRad) con-

soybean

trypsin inhibitor

(mo1

wt 3'1,000), ovarbumin (mol

wt

45,000), bovine serum albumin (mol wt 66,200), and phosphorylase

B

(mol wt 92,500).

a

Human

monoclonal IgM derived from the serum

I,jardenstrom's mäcroglobulinemic

patient,

and

purified pooled

of

human

IgG, were also used as protein standards.
The sDS-PÀGE analysis employed

a 6% stacking gel and a

12%

separation gel.

(7).

Àssay

of

(a).

Treatment

Immunoqlobulins

in

SaIiva

of saliva

to be assayed were thawed and centrifuged at 6,500 g for 15 minutes. To 4b0 ul of the saliva sample supernatants were added 50 ul of pBS buffer pH 7.4 containing
the saliva

1%

samples

gelatin and 0.125 M EDTÀ. The resulting sar.iva sampres repre-

sented one-half

dilutions of centrifuged

whole human

saliva in

pBS
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buffer

pH 7.4 containing 0.1%

(b).

gelatin and 0.125 M EDTA.

Solid-phase radioimmunoassav technisue
The

saliva

samples were

tested in duplicate for their

of igA, I9G, I9M, and IgE immunoglobulins by a solid-phase
radioimmunoassay technique (nelespesse et â1., 1983). Briefly,
for IgÀ and IgG assays, polyvinyl microtitre plates (Dynatech
Diagnostics, S. Windham, Maine) were soaked in 75% aceLic acid for
t hour and thoroughLy washed with double distilled water. The
wells were then coated overnight with the IgG fraction of sheep
anti-human I or o chains at 50 u9/m1 in PBS buffer pH 7.4. IgM
content

and IgE were assayed by coating overnight the polyvinyl microtitre

pìates with

the

mouse nronoclonal

igG fraction

sheep anti-human

¡ chains, or a

antibody specific to human IgE (clone C|A/E/1,12,

a gift from Dr. À. Saxon,

ug/nl

of

UCLA, Los Angeì.es,

0.0'1 M sodium bicarbonate

buffer

California) at

50

pH 9.0.

After the overnight incubation at roon temperature, the anlihuman immunoglobulins

were blocked

wells

with

1%

were discarded and any uncoated well sites

gelatin in

PBS

buffer

pH

7.4 f.or 2 hours.

then thoroughly washed with PBS buffer pH 7.4.
Two-hundred microlitres of purified human secretory IgA (uaterials
and Methods (5) ), purified polyclonal serum IgG, purified polyclonal serum IgM (a gift from Dr. F. Paraskevas, University of
Manitoba, Winnipeg, Manitoba), and IgE from a pool of reaginic
human sera caiibrated against the standards included in the
Pharmacia kit for serurn igE deiermination (p.n.I.S.T., pharmacia
The

were

Diagnosiics, Uppsala, Sweden) were used as srandard immunoglobu-
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lins.

These standard immunoglobulins were diluted

buffer (0.1% gelatin

and

0.125 EDTA in

PBS

in

an assay

buffer pH 7.4)

and

in the wells at different concentrations to establish standard curves. Two hundred microlitres of the saliva samples in
assay buffer at dilutions âppropriate to the level of immunoglobulins in saliva (1/500 and 1/2000 for IgÀ, 1/200 and 1/800 for IgG,
1/100 and 1/SS0 for igM, and 1/2 for IgE) were placed in the wells
in duplicate.
Àfter an overnight incubation at room temperature, the wells
were thoroughLy washed r.rith PBS buf fer pH 7.4 and then incubated
overnJ.ght with 200 ul of 125I-labelled affinity chromatographypurified sheep antibodies to human 7, (Lt or ¡ chains, or with 200
ul of 125I-IabeIIed anti-human igE (anti D82t Pharmacia
Diagnostics, Uppsala, Sweden ) , at 58,000-64,000 cpm/we11, radioiodinated by the chloramine-T method (Klinman and Taylor, 1969).
The wells were thoroughly washed with PBS buffer pH 7.4 and
counted in a gamma counter.
l^¡ith the exception of the standard secretory IgA, I9M, and
igE immunoglobulins, the sources of which have been noted above,
all other immunoglobulins and specific antibodies were supplied by
placed

Dr. G. Delespesse. These immunoglobulins and antibodies had been
(1976), with
prepared using methods described by Gausset et al.
the antibodies having been produced in sheep rather than rabbits.

(c). Specificitv of solid-phase
The

demonstrating

radioimmunoassay

specificity of the radioimmunoassays

the

absence

was tested

of reactivity ( in terms of

by

bound
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radioactivity) wittr unrelated purified
a concentration of
(d).

immunoglobulins employed at

'10 ug/ml.

Determi nat i on

of

valid

llg_I_q_!_

of linear portion

of

standard curve

A dil-ution curve of centrifuged norma.l whole human
saliva, diluted in the assay buffer, r+as performed with the tge,
IgG, and IgM assays. Only the Iinear portion of the standard
curve which was para1lel wi th the linear portion of the saliva
dilution curve was considered to be valid for immunogLobulj.n concentration calculations.

(e). Calculation

of immunoqlobulin concentrations

in saliva

in the duplicate saliva
sample wells were related to the valid portion of the standard
The counts per minute detected

curve to determine the diluted saliva immunoglobulin content.
mean

value

of the duplicates

r+as

The

muLtiplied by the dilution factor

to yield the immunoglobulin concentration of the saliva

sample.

in the igÀ, I9G, and IgM
assays were performed to ensure a greater probability that one
dilution would fall on the valid portion of the standard curve.
OnIy one dilution of each sample (1/2) vlas performed in the igE
assay due to its minimal presence in saliva.
Two

different dilutions of

each sample
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(8).

Àssa y

of Specific Àntibodr'

(a).

Treatment
The

saliva

sampJ,es

15

to be

assayed were thawed and cen-

minutes. To 90 uI of the saliva

supernatants were added 110
The

Saliva

of salrva

trifuged at 6,500 g for
EDTA.

Àctivity in

ul of

PBS

buffer

pH

sample

7.4 with 0..125

M

resulting sa1íva samples represented 1/+ dilutions of

centrifuged whole

human

saliva in

PBS buffer pH 7.4 containing

0..125 M EDTA.

(b).

Double antibodv radioimmunoassay technique

Duplicate saliva samples were tested by a double antlbody radioimmunoassay

at.

technique, as described by Platts-Mi11s et

(1978) witn modification,

for their content of IgA antibodies

ic to alpha-Iactalbumin.
Briefly, 50 uI of centrifuged saliva

specif

at a 1/+
dilution in PBS buffer pH 7.4 with 0.125 M EDTA were placed in the
wells of polyvinyl microtitre plates. Fifty microlitres of â
25I-labelled bovine alpha-lactalbumin (Sigma Chemical Co., St.
Louis, MO., Lot 52F-80751 ) solution, radioiodinated by the
chloramine-T neLhod (Klinman and Taylor, 1969) and diluted in an
assay buf f er (0.02 M phosphate, 0. 14 M NaCl, 0.1% NaN3, 0.05 M
EDTA, 0.5% tween 20, and 0.1% BSA at pH 7.4) were added lo the
wells. This solution conlained unlabelled carrier alphaLactalbumin at an excess concentration sufficient lo ensure compleLe saturation of all antibody sites in the saliva samples. The
plates were incubated, wilh agitation, ât room temperature over1

supernatant
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night.

Preliminary experiments involving test and control saliva

total IgA leve1s established the
concentration range of anti-human o chain antibody necessary to
produce maximal precipitation of the salivary IgÀ within the zone
of equivaLence. Therefore, 50 ul of an IgG fraction of sheep
anti-human a chains, supplied by Dr. G. Delespesse, at dilutions
of 12.62, 6.31 , 3.15, and .58 mg/ml in the assay buf f er were
added to the we1ls. These antibodies had been prepared using
methods described by Gausset et ai.. (1976) in sheep rather than
rabbits. The plates r+ere agitated for 4 hours at room temperature
and then set still overnight at 4o to allow precipitates to form.
The use of four dilutions of sheep anti-human a chain antibody
ensured maximal precipitation of the double antibody complex per
samples

with

maximum and

minimum

.1

saliva sample.

The

precipitates were washed three times with the

assay buffer and transferred

to new tubes for counting in a gamma

counter.

Control IgÀ was derived from the screening of human sera
obtained from the Clinical Immunology Laboratory at Brussels
University Hospital. The sera from fifty-nine individuals, at
1/40

ditution,

rvere tested

specific igA using the

for the presence of alpha-lactalbumin

method described

ing the greatest cpm value

a

was used as

above. The serum exhibitthe control in the saliva

assay.

(c). Specificity of
The

double antibodv radioimmunoassav

specificity of the

radioimmunoassay was tested by

60

of a competitive inhibition test
The assay was
with a 100-fold increase in unlabelled alpha-Iactalbumin

the employment
performed
added

to the radiolabelled antigen solution before the solution

was incubated

with the saliva and

radioactive counts indicated

serum

samples.

The absence of

a specific competitive inhibition

the unlabelled alpha-J.actalbumin within the precipitates

(d).

Àssessment
The mean

by

formed.

of antibodv activitv to alpha-tactalbumin

counts per minute detected in the duplicate

saliva precipitates were recorded at the various
anti-igA dilutions. The greatest mean cpm value for each sample
r+as assumed to be ¡,'ithin the zone of equivalence of the antigenantibody precipitin curve. From this value the background counts
per minute were subtracted resulting in a numerical representaiion, in counts per minute, of the antibody aclivity in each samserum and

ple to alpha-lactalbumin.

CHAPTER

IV

STATISTICAL TREÀTMENT OF DATÀ
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The

range, mean, standard deviation

and standard

error

were

for the total IgA, total igG, and total IgM concentrations in the unstimul-ated whole saliva of the individuals involved
in the study.

determined

t-test was used to compare the total
1gA, total- igG, and total IgM concentrations in the unstimulated
whole saliva of the MiR.AS group to the control group.
A paired Student's t-test was used to compare the total IgA,
total igG, and total IgM concentrations in the unstimulated r,rhole
saliva of the MiRÀS individuals to the control individuals paired
An unpaired Student's

by age, sex, and time of day saliva collection.

CHAPTER V

RESULTS
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/11

Subiect Clinical Examination

and

History

for this study consisted of 7
males and 21 females. This group v¡as matched, by age and sex,
vlith 28 control individuals without a history of RAS.
AIl subjects, test and control, had less than five carious
teeth each, and a Loe's Gingival Index score of less than 1.0.
Subjects with a tobacco habit smoked less than 20 cigarettes a
day. None of the females in this study v¡ere, to their knowledge,
pregnant, and none were within a six month postpartum period.
Table V summarizes additional information gathered from the subjects' histori.es.
The 28 MiRAS patients selected

{2). Isolation
The

of Secretory

!g\

from

Human Colostrum

results of secretory IgA isolation from human colostrum

using ge1 filrration chromatography and ion exchange chromatogra-

in graphs 1 and 2, and plates 1, 2,3, 4 and 5.
The profile and locations of significant fractions from the
separation of the clarified colostrum on a Sephadex G-200 column
are shown in graph 1. The clarified colostrum and various fractions from the gel filtration chromatography were subjected to
Ouchterlony double diffusion and SDS-PÀGE ana).yses in order to
ascertain the presence and identity of immunoglobulins.
Double diffusion anaL]'sis (ptate '1) showed that the clarified
colostrum contained immunoglobulins of the IgG, I9M, and IgÀ
classes (plate 1 (a) ), whereas 'uhe fractions 40 , 41, 44, and 52
phy are summarized
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(portions of G-200 peak 1) contained

(d), (e), (f) ).

onJ.y

igA (plate 1, (b), (c),

Calibration of the G-200

coJumn

indicated that

the G-200 peak 1 would contain molecules of the appropriate molec-

ular weight for dimeric igA. Specific antiserum against secretory
component only was

not available.

Fractions 57 and 71 (portions

of G-200 peaks 2 and 3 respectively) contained both igG and IgA
(plate 1, (g), (h) ). Fracrion 103 0f G-200 peak 4 failed to
of any immunoglobulins (p1ate 1, (i)).
which was present in the pre G-200 solution (plate 1, (a)),
exhibit the

presence

not detected in any of the selected fractions. This

IgM,
r.¡as

rvas due to

the early elution of IgM prior to the dimeric IgA G-200 peak 1.
SDS-PAGE analysis (plate 2), a more sensitive method to eval-uate

the

method,

presence
showed

of proteins than that of the double diffusion

the

same

resul-ts as the double diffusion analysis

with the additional findings of Lhe presence of proteins with

the

weight of 7 heavy chains in fraction 52 (a
portion of G-200 peak 1) (elate 2, (f)).
It was also noted that
approximate molecular

proteins with the approximate molecular weight of J chains

were

in fraction 103 (of G-200 peak 4) in a
free, unattached form (PIate 2, ( i ) ) .
The profile and locations of significant fractions from the
separation of the treated G-200 peak 1 on a Sephacel DEAE ion
exchange column are shown in graph 2. Double diffusion analysis
(ptate 3) revealed that IgA was present in the G-200 peak 1, and
all fractions tested (Plate 3, (a), (b), (c), (d), (e)). No immufound in greatest amount

noglobulins
method

of the IgG or IgM classes

of analysis.

were

delected using this
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However, the

SDS-PAGE

analysis ( plate 4)

revealed the

with approximate molecular weights of .l
chains in fraction 50 of the DEAE peak 1 (Plate 4, (c)). Proteins
of the approximate molecular weight of J chains were presenL in
the treated G-200 peak 1 (P1ate 4, (b)), but were not noted in any
of the other fractions tested.
The pooled DEAE peaks 2, 3, and 4 were also subjected to
SDS-PÀGE analysis and the resuLts are presented in plate 5.
The
pooled DEÀE peak 2 (PIate 5, (d)) contained bands corresponding to
the molecular weighfs of secretory component (approximately
70,000), ø heavy chains (approximately 58,000) and \ and R
light chains when compared to those of the human purified IgG
standard and human igM nryeloma standard. The band corresponding
to the molecular weight of the J chain (approximateJ.y 14,000) was
not present in the pooled DEAE peak 2, The minimal amount of
attached J chain evident in the treated G-200 peak 1 solution v¡as
eventually located, with other contaminants, in the pooled DEÀE
peak 4 (P1ate 5, (f)).
Other contaminants, revealed by SDS-PÀGE
analysis, were also present in the pooled DEAE peaks 3 and 4
(Prate 5, (e), (f)).
presence of proteins

free from contaminants including ¡
and 7 heavy chains, and this pool was used as the secretory IgA
The pooled DEÀE peak 2 r+as

standard derived from a human secretory source
radioimmunoassay meLhods.

in the solid phase
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(3 )

. IqA, !E3 and þM Concentrations in lihole Unstimuiated
The minimum

sensitivities of the solid-phase

Saliva

radioimmunoas-

for IgÀ, 0.8 ng/ml for IgG, and 0.4 ng/nl for
IgM. The concentrations of immunoglobulins of the IgÀ, I9G, and
IgM classes ín whole unstimuLated saliva of the 28 paired individuaIs, as determined by the soLid phase radioimmunoassays, are
shown in Table VI. The concentration of IgA in the saliva of controJ- subject 19, and the concentrations of igG in the saliva of
control subjects 9 and 10, and MiRÀS subject 20 were not determined as the diluted saliva sample counts per minute values did
not faIl on the valid linear portion of the standard curves
says rlere 0.4 ng/nl

(uaterials and Methods (7) (d) ).

in

Table

dard error

VII the range, mean,

standard

deviation,

and stan-

of the immunoglobulin assays of the saliva samples

are

shown.

Statistical analysis of salivary

immunoglobulin concentration

in the MiRÀS patient group and the control group was made using an
unpaired Student's t-test. TabIe VIIi summarizes these findings.
The t-values indicate no statistical difference between the two
groups for all three classes of immunoglobulins.
A paired Student's t-test was also emp).oyed to compare salivary immunoglobulin concentrations of the IgÀ, IgG and IgM cì-asses
in the MiRÀS and control individuals paired by age, sex, and time
of day col-lection. Table IX summarizes these results. The
t-values inoícate no statistical differences in any immunoglobulins between the paired subjects in Lhe two groups.
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(4). þE

Concentrations in WhoIe Unstimulated Saliva

The minimum

sensitivity of the solid

phase radioimmunoassay

for IgE was 0.1 ng/nl. IgE was detected in two saliva samples of
control individuals at concentrations of 1.06 ng/nl (control subject 12), and 0.59 ngrlml (control subject 5), and in one MiRAS
saliva sample aL a concentration of 0.78 ng/n} (MiRAS subject 10).
None of these subjects had any history of allergy and the MiRAS
patient could not identify any specific precipitating factor

asso-

ciated with the onset of the lesions. No significant increase or

in salivary levels of igA, I9G, or igM were present in
these three subjects as these levels fell within two standard
deviations of the mean salivary level of their respective subject
groups. Tab1e X indicates the standardized score (Z value) for
each of these subjects with respect to their IgA, I9G, and IgM
decrease

salivary concentrations.

(

5)

.

Àntibodv Àctivitv to Alpha-lac talbumi

n

r.n

Whole Unst

imulated

Saliva

Since irnmunoglobul-ins

of the IgE class

were detected

in

the

saliva of only three subjects, and then only in very low concen-

trations, it was considered of no value to assay specific IgE
antibody activity to a purified food antigen.
Immunoglobulins of the IgA class were found to be the most
abundant immunoglobulins in sal!va. Secretory IgÀ is capable of
forming non-absorbable antigen-antibody complexes with exogenous
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anrigens (tomasi, 1972; Hanson and Brandtzaeg,
proposed

1973). It

can

that the reaction of certain food aniigens with the

be

tge

in saliva would reduce the exposure of these exogenous
antigens to the oral mucosa. This in turn could prevent the
occurrence of localized hypersensitiviLy reactions within oral
antibody

mucosa, which has been suggested as a possible pathogenic mecha-

et al., 1973).
In order to explore the possibility that specific antibodies
to a food antigen may vary significantly in the saliva of control
and MiRAS patients, a suitable food substance was sought. Since
nism

of

RÀS (tayJ.or

et al.,

1964; Thomas

the intake of milk has been associated with the onset of MiRÀS
(Àlvarez, 1931; Eversole et aI., 1982), and alpha-lactalbumin, a
major protein component of miJ.k, represents a single antigen which

is

commercialJ.y

available in a highly purified form, bovine alpha-

Iactalburnin was selected as the test antigen to monitor specific

igÀ antibody activity in saliva in a double antibody assay.

Table Xi shows the antibody activity to alpha-Iactalbumin
measured

in counts per minute in the unstimulated whole saliva

of

the paired test and control subjects. The counts per minute value
f

or the positive

serum

contrcl (t"taterials and Methods (8)) is also

included in the table.
The assay demonstrated

lor+

that all the saliva

samples contained

levels of IgA antibodies to alpha-lactalbumin. However,

the

of the saliva samples, and
the lack of a strongly positive counts per minute signal in the

extremely low counts per minute values

serun control did not make possible accurate quantitative evalua-

tions and comparisons

between

the test and control saliva

samples.
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ÀIthough considerable time and effort have been spent

by

investigators in attempting to establish an etiopathogenesis for minor recurrent aphthous stomatitis (uiR¡S), to date
numerous

none

has

been

identified.

À number

of

prec

ipitating factors,

clinical observations, have been noted to be associated
with the onset of MiRAS. One such factor, the intake of certain
foods, results in the development of lesions in some RÀS patients.
Along r+ith this clinical observation, limited in vitro immunologic
studies have led investigators to consider that an immunologic
response to food antigens may play a role in lhe formation of
based on

MiRAS

lesions.

It

can

be

hypothesized

that certain food antigens

mây pene-

trate oral mucosa and generate a local mucosal reaction clinically
identifieo as MiRAS. As saliva immunoglobulins represent a first

Iine of mucosal defense against exogenous antigens, including
food, the present thesis explored the relationship of the concentrations of immunoglobulins of the IgÀ, IgG, and IgM classes in
the saliva of MiRAS patients to those without a history of this
di sorder

.

Total salivary IgE concentrations were determined in both
groups to investigate the hypothesis that IgE in saliva participates in a type I a1J-ergic reaction to food antigens leading to
mucosal tissue destruction

resulting in

MiRAS

lesions.

In addition, salivary IgÀ antibody leveIs to
MiRRS-associated food antigen was

recorded. A significant

a

reduc-

tion of specific antibody in the MiRAS group could support the
concepE

that these subjects were not prolected from antigen

pene-

72

tration of the

mucosa

by

its previous interaction llith

IgA anti-

body.

It

was

founo that

similar for all

immunogJ-obulin classes

the food anligen
and were not

immunoglobulin

r,rere present

r+ere

studied. igA antibodies to

low levels

in

both populations

significantly increased in the non-MiRAS group.

One important aspect

ble care

in

levels in both groups

was taken

of the present study was that considera-

to evaLuate those factors of both physiology

and the environment which could influence the Ievels

bulins or antibodies in the saliva. In

of

immunogl-o-

of the previous studies relating the immune system to MiRAS, these factors had not
many

been considered.

saliva contains contaminants including bacteria.
Several of these bacteria produce proteases, some of which are
specific for igA. Consequently, the proteolytic enzyme inhibitor
EDTÀ r,¡as added to all saliva samples immediatel-y after collection
to prevent any protease activity of bacteria reducing the levels
of immunoglobulins. The possibility that bacterial proteases
could reduce the leve1 of specific immunoglobulins in saliva has
Whole

apparently not been considered previously.

in past studies various methods have been uLilized to establish immunoglobulin concentrations in saliva and include single
radial immunodiffusion, solid-phase radioimmunoassay, immunoelectrophoresis,

immunobead enzyme-linked immunosorbent, and automated

turbidimetric techniques (see Table III ).

IgÀ is mainly dimeric in structure, errors
can occur in estimating secretory IgA if the assay technique utiSince secretory
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IgA as a standard. The production of a
standard secretory IgÀ is essential in any assay method in which
molecular size and configuration is crucial.
These are those
assays which utilize a geJ. diffusion stage and include the single
radial immunodiffusion and immunoeLectrophoresis techniques. To
compensate for the discrepancy of molecular size when serum igA is
used as a standard in those techniques, most authors have multiplied values obtained by Lhe factor 3.25 (Brandtzaeg et al.,
1968). Mande1 and Khurana (1979), however, have shown that standard curves for immunodiffusion based on serum IgA and secretory
lizes monomeric

serum

IgA are not parallel and recommend that a range of correction fac-

tors from 1.2 lo 4.5 be used depending on the relative proportion
of dineric to monomeric IgA present in the test samples.
Other authors have treated salivary

samples

and

standards

with reducing agents to eliminate differences in molecular size.
This has led to less than satisfactory results since a variable
resistence to reduction of salivary IgA exists due to the presence

of secretory component (¡laluusua et a1., 1981), and monomeric IgA
molecules not containing secretory component are more readily
reduced to smaller subunits than are polymeric

IgA

molecules

(neppard, 1979),
À solid-phase radioimmunoassay technique was chosen

in

the

present study to quantitate salivary immunoglobulin concentra-

lions, thus eliminating the sources of error associated with
noassays

immu-

incorporating a geI oifiusion stage. To minimize

differences between

the

standard IgA and lhe

salivary IgÀ in

the
the

test samples, the standard used in the IgA assays tlas secretory in
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origin, derived from pooled
technique proved

allowed

an

human

colostrum. The radioimmunoassay

to be highly sensitive

accuraie measurement

of

and

highly specific,

immunoglobulins

of the

and

IgÀ,

IgG, IgM, and IgE classes.
The present

study, with a carefully selected subject

tion, a stringent saliva

sampling technigue, and an accurate assay

method confirms and adds support

(1969c), Ben-Aryeh et
Kakizawa

popul-a-

to the previous studies of

Lehner

al. (1976), and Bennet and Reade (1982).

et al.

(1973) also reported on the relationship of

salivary igA immunogJ.obul-in content in control and

yet their work is difficult to interpret.

RAS

subjects,

Their study revealed

variations in salivary IgÀ leve1s during different stages of

the

lesions. However, the exact quantities of salivary IgA concentrations in the RÀS patients were not stated, and their results
were not subjected to statistical analysis. Furthermore, their
RAS

findings were not borne out by the subsequent work of Ben-Àryeh et

al.

(1976) and Bennet and Reade (1982).
The present study

is the first to realistically

vary IgG, I9M, and IgE levels in

MiRAS

compare

sali-

patients and control indi-

viduals. The only previous study to report on salivary IgG and
IgM leveis in such groups was conducted by Lehner in 1969. In
that investigation igG immunoglobuJ.ins, although detected, r+ere
not quantitated, and no igM immunoglobulins were detected in any
saliva samples. Undoubtedl-y, this lras due to Iimitations of
singJ-e

radial immunodiffusion technique utitized in the

The present sludy

tigare lhe

presence

the

study.

also represents the first altempt to inves-

of antibody activity in the saliva of

MiRAS
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patients to a specific food antigen.

Some

aspects of the assay

for antibody of this type should be noted.

It is

imperative v¡hen conducting a double antibody assay that

strongly positive immunoglobulins to the test antigen are identi-

fied as a positive control. in the present study, although

59

sera samples t+ere screened for the presence of alphalactalbumin-specific IgA, only two samples exhibited any significant activity, and in both instances this was minimal. Given sufficient time and facilities, positive control immunoglobulins
could have been obtained through the raising of serum antibodies
to alpha-lactalbumin in animals.
Upon testing the saliva, alpha-lactalbumin IgÀ activity was
present in all samples, bu! the activity was of a very low magnitude. Às qualitative rather than quantitative results were
obtained, statistical analysis comparing the control and MiRÀS
group could not be performed. Nevertheless, the finding of antibody activity, even at minimal 1eve1s, suggests that the screening
of saliva for antibody to food antigens is possible.
From the data obtained in the present thesis, it can be
human

stated that salivary immunoglobulin concentrations are not altered
during the ulcerative stage of

MiRAS and do

not appear to partici-

in tissue destruction during this stage. Differences in
immunoglobulin level-s may contribute to the etiopathogenesis of

pate

MiRÀS

during the earlier premonitory and preulcerative stages,

a

hypothesis which could be evaluated by means of a longtitudinal
experimental study involving MiRAS patients and control subjects.

However, in

light of the presenl findings,

and those

of

previous

76

studies, it would seem reasonable to suggest that salivary immune
mechanisms play no role, or at a most a very obscure role in
MiRÀS. The etiopathogenesis

of this

disorder remains an enigma.

CHAPTER
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In order to investigate the possibility that differences in
the various classes of salivary immunoglobulin concentrations are
involved

in the etiopathogenesis of MiRAS, the saliva

patients suffering from active

MiRAS

lesions was

from

compared

to

28

the

saliva of.28 age- and sex-matched individuals without a history

of

the disorder.

Total immunoglobulin concentrations of the IgÀ, IgG, IgM,

and

IgE cJ-asses in whole unstimulated saliva vrere guantitated using

a

solid-phase radioimmunoassay technique. Salivary IgÀ antibody

activity to the specific food antigen alpha-lactalbumin was also
assessed using a double antibody radioimmunoassay method.

of the results revealed no statisLical differences
between the total immunoglobulin concentrations of the igè., IgG,
or IgM classes in the saliva of the control and the MiRAS subjects. Salivary IgE was detected in very minute quantities in
only three of the 55 subjects. ÀIthough all saliva samples exhibited lgA antibody leveIs to alpha-lactalbumin, these leveIs were
Analysis

too low to
between

make

accurate quantitative evaluations and comparisons

the two study groups.

The results would indicate that there are no differences
between

salivary IgÀ, IgG, and igM immunoglobulin levels in

MiRAS

patients and control subjects. This would not support

the

that decreased levels of salivary immunoglobulins of
the IgÀ, I9G, ano IgM classes result in increased pasage of food

hypothesis

antigens across the oral mucosa leading to local mucosal hypersen-

sitivity tissue destruction represented clinically as MiRAS.
The lack of high levels of sali.vary IgE in MiRAS patients
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$¡oul-d

also suggest that saliva does not participate in an allergic

reaction leading to local mucosal tissue destruction. This study
also

showed

that igA antibodies specific to

aJ-pha-J-actalbumin,

a

with the onset of MiRÀS
lesions in some individuals, are in such low levels in saliva that
their involvement in the pathogenesis of MiRAS is unIikely.
Future clinical studies investigating salivary ì.mmunoglobulin
levels in MiRAS patients should utilize subject selection criteria, saliva collection methods, and a highly sensitive and specific assay technique similar to those used in the present study.
À registry of MiRAS patients should be initiated and maintained in order to identify subgroups of MiRAS patients that
include individuals correlating common factors with the onset of
Ìesions. À major drawback of the present study was Lhe lack of
MiRAS patients who could identify foods, specifically milk, as a
precipitating factor in lesion formation.
food antigen reported

The present

to

be associated

investigation represented a cross-sectional study

of subjects during the ulcerative stage of
MiRÀS when the diagnosis þras made on clinical features.
Differences in immunoglobulin levels may contribute to the etiopathogenesis of MiRÀS during the earlier premonitory and preulcerative stages rather than the later ulcerative stage. Therefore,
future studíes should be longtitudinal in nature, investigating
total immunoglobulin concentration of various classes in the
saliva of MiRÀS patients who suffer onset of their lesions after
exposure to the same purified food antigen. Saliva sampling
should be performed prior to a challenge with the food anligen,
Èesting saliva samples

80

and

during the various

subsequent

stages of the

MiRÀS

lesions.

activity of various immunoglobulin classes to the purified food antigen could be performed using a double antibody

Antibody

radioimmunoassay technique.
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