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Summary. The subepithelial and peritumoral inflammatory infiltrates of 202
oral premalignant and malignant lesions — 108 leukoplakias and 94 squamous
cell carcinomata with different grades of dysplasia were examined using
an immunoenzymatic method. In addition, the influence of radiation and
bleomycin-therapy on the stromal reaction of 24 carcinomata was studied.

The incidence of immunoglobulin Jabelled plasma cells (IgA and IgG)
was twice as high in those cases of leukoplakia where dysplasia was present.

The number of plasma cells, especially IgA- and 1gG-containing plasma
cells, decreased significantly with progressive tumor dedifferentiation.

The plasma cell response differed before and after radiation with a de-
crease in IgA- and IgG-containing plasma cells after therapy. In contrast,
bleomycin-therapy did not produce distinct changes in the humoral and
cellular stromal reaction. In the epithelium, IgA and IgG were localized
throughout all epithelial layers in leukoplakias with dysplasia. This finding
indicates a leakage of locally synthesized immunoglobulins through an altered
oral mucosa.

This investigation reveals alterations in the local immune homoeostasis
of the oral mucosa in premalignant and malignant lesions which varies
with the grade of dysplasia, tumor differentiation and therapy.

Key words: Plasma cell — Immunoglobulins — Leukoplakia — Squamous
cell carcinoma — Tumor therapy.

Introduction

In a recent study 656 cases of oral leukoplakia were analyzed according to
their histological-cytological differentiation and the epithelial-mesenchymal in-
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terrelation, i.e. the stromal reaction by lymphocytes and plasma cells (Burkhardt
and Seifert, 1977). Ten percent of the leukoplakias, clinically defined as a “white
patch of the mucosa” (Waldron and Shafer, 1960; Pindborg et al., 1963; Who,
1978) were classified pathologically as precancerous lesions including carcino-
mata in situ and severe dysplasia. A positive correlation was found between
the grade of dysplasia and the density of the stromal lympho-plasma-cellular
infiltrate.

In squamous cell carcinomata of the oral cavity the stromal reaction is
more pronounced in well differentiated carcinomata with keratinization than
in poorly differentiated tumors (Seifert and Burkhardt, 1977).

There is a cellular immune response to the tumor and also a pronounced
humoral immune reaction with a local accumulation of immunoglobulin-con-
taining plasma cells (Loning et al., 1977). This, in particular, may influence
the growth of tumors and the development of metastases (Ioachim, 1976;
Hellstrdm and Hellstrom, 1976; Lewis et al., 1977).

This paper presents a qualitative-quantitative analysis of the stromal cell
response (immunoglobulin-containing cells, lymphocytes, macrophages) in 202
oral leukoplakias and carcinomata in correlation to the grade of dysplasia.
In addition we studied the influence of radio- and chemotherapy on the stromal
reaction of 24 carcinomata.

Table 1. The siromal cellular pattern and the distribution of immunoglobulin containing plasma
cells in oral leukoplakias (n=108)

Leukoplakias

without Dysplasia moderate Dysplasia severe Dysplasia

n=>52 n=25 n=31

% + % + % +
Stromal cellular
pattern (%)*
plasma cells 38.53 18.23 44.67 17.97 45.84 16.34
lymphocytes 41.44 13.97 39.65 12.98 41.45 13.20
macrophages 6.12 5.05 7.43 4.43 5.52 5.12
granulocytes 5.00 4.73 1.83 1.72 3.19 2.79
Distribution of
Ig-containing
plasma cells (%)**
IgA 7.67 5.34 15.44 8.57 14.41 10.82
IeG 13.95 9.48 28.04 14.77 36.62 17.13
IgM 6.00 2.35 7.00 3.07 7.18 5.88

% =mean values; + =standard deviation; underlined values=P <0.05
The percentages are calculated with addition of unclassified mesenchymal cells (*) and unlabelled
plasma cells (**)
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Fig. 1a and b. Leukoplakia with moderate dysplasia. a Dense lympho-plasmacellular infiltration
around the epithelial rete pegs. HE-stain ( x 300). b Comparable field from adjacent section. Demon-

stration of IgG-containing plasma cells (black deposits). Indirect immunoperoxidase technique with-
out counterstaining ( x 300)
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Table 2. The stromal cellular pattern and the distribution of immunoglobulin containing plasma
cells in oral carcinomata (n="94)

Carcinomata (Broder’s Grading)

Grade 1 Grade 1I Grade 11T Grade IV
(well diff.) (moderately diff.) (poorly diff.) (undiff.)
(n=2%) n=21 n=28 n=20
% + % + % + % +
Stromal cellular
pattern (%)
plasma cells 46.46  14.73 4275  18.55 31.50 1419 24.67  17.39
lymphocytes 3246  12.82 30.25  20.88 41.14  13.97 40.50  11.33
macrophages 9.77 4.38 11.50 4.66 10.68 3.85 13.33 3.56
granulpcytes 2.50 2.27 2.00 1.73 5.33 8.78 2.00 1.22
Distribution of
Ig-containing
plasma cells (%) **
IgA 41.49 15.02 32.04 14.72 28.45 16.39 22.74 16.59
IgG 44.08 13.77 4275 20.16 3472 19.65 22.56  20.84
IgM 14.41 13.45 12.49  10.30 1538 11.27 11.97 7.58

% =mean values; + =standard deviation; underlined values=P <0.05

The percentages are calculated with addition of unclassified mesenchymal cells (¥) and unlabelled
plasma cells (**)

Material and Methods

The inflammatory infiltrate was examined in specimens from a group of 202 patients with: leukopla-
kia without dysplasia (52), leukoplakia with moderate and severe dysplasia (56) and squamous
cell carcinomata with different grades of malignancy (94)*. In addition, the biopsies of 12 bleomycin-
treated and 12 irradiated patients were compared before and after therapy. The grading of the
leukoplakias was performed according to Burkhardt and Maerker (1978), and the carcinomata
were classified in accordance to the grading of Broders (1920).

Formalin-fixed and paraffin-embedded specimens were cut at 3 um and then exposed to a
range of rabbit antihuman immunoglobulin antibodies and rabbit PAP-complex (for detailed descrip-
tion of the method see: Taylor, 1974, 1978; Loning et al., 1977).

The specifity of the labelling of enzymatic conjugates was controlled by the use of normal
rabbit serum instead of specific antisera. Competitive binding was assessed using horse antihuman
immunoglobulin.

The slides were examined at a magnification of x1,000. Four fields per slide were examined
and the percentage of lymphocytes, plasma cells, especially immunoglobulin-containing plasma
cells, and macrophages were determined. In addition, the epithelial distribution of the different
immunoglobulin classes was analyzed.

Results

Sixty percent of the leukoplakias without dysplasia show an inflammatory infil-
trate, which consists of 39% plasma cells, 41% lymphocytes and 6% macro-

! No cases of leukokeratosis nicotina palati were included in the material
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Fig. 2a-c. High differentiated carcinoma. a Early tumor invasion accompanied by a marked inflam-
matory infiltrate. HE-stain (x 300). b Comparable field from adjacent section. Localization of
IgG-containing plasma cells (black deposits) between the tumor cell cords. Indirect immunoperoxi-
dase technique without counterstaining ( x 300). ¢ Higher magnification ( x 480)
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Table 3. The stromal cellular pattern and the distribution of immunoglobulin containing plasma
cells before and after radiation or bleomycin-therapy (n=24)

Radiation (n=12) Bleomycin-therapy (n=12)

before after before after

% + % + % + % +
Stromal cellular
pattern (%)*
plasma cells 50.57 11.43 25.00 12.14 32.60 7.16 51.17 22.60
Iymphocytes 29.17 7.28 41.20  10.08 38.80 13.34 29.17  17.59
macrophages 10.43 3.55 11.40 4.28 14.00 4.64 7.83 5.49
granulocytes 1.50 0.84 17.67 16.50 3.00 1.41 2.00 1.41
Distribution of
Ig-containing
plasma cells (%) **
IgA 40.12  19.70 21,72 20.87 32.35 6.80 28.55  13.21
1eG 42,63  21.53 2396 19.42 47.58  20.13 33.24  15.16
IgM 10.24 9.67 13.02  11.82 14.27 6.55 5.40 5.02

% =mean values; + =standard deviation; underlined values=P <0.05
The percentages are calculated with addition of unclassified mesenchymal cells (*) and unlabelled
plasma cells (**)

phages (Table 1). Immunoglobulin-containing plasma cells are present in 2/;
of the cases revealing an inflammatory infiltrate. Twenty eight percent of the
plasma cells contain immunoglobulins. The investigation of the immunoglobulin
cell class pattern displays 8% IgA, 14% IgG and 6% IgM.

All cases of leukoplakias with dysplasia show an inflammatory infiltrate,
whose density increases with higher grades of dysplasia. 53% of the plasma
cells contain immunoglobulins: 15% IgA, 31% IgG, 7% IgM (Fig. 1a, b).
The carcinomata display a dense cellular stromal reaction, which shows a positive
correlation with the degree of differentiation. There is also a striking correlation
between the differentiation of the carcinomata and the distribution of the inflam-
matory cells (Table 2). The percentage of plasma cells, especially IgG- and
IgA-containing cells, increases with better differentiation of the carcinomata
and decreases notably with progressive tumor dedifferentiation (Fig. 2a—c).

For the bleomycin-treated and irradiated cases our results are markedly
different: After radiation the carcinomata appear less differentiated, show a
very scanty inflammatory infiltrate, and a decrease in the number of plasma
cells, especially IgG- and IgA-containing cells (Table 3).

In contrast after bleomycin-therapy the carcinomata are rather well differen-
tiated and no distinct changes of the local humoral or cellular stromal reaction
are present (Table 3).

In all cases of leukoplakia and carcinomata IgG and IgA can be demonstrated
within and between the epithelial cells. The prickle cell layer is labelled in
76% of all cases whereas in leukoplakia without dysplasia the keratinized and
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granular layer usually contains no immunoglobulins except in the superficially
localized cells where a delicate IgG- and IgA-positive label is seen. The leukopla-
kias with dysplasia and carcinomata contain Ig-positive epithelial cells
throughout all the epithelial layers.

Discussion

As a rule proliferating malignant tumor cells are accompanied by the infiltration
of lymphocytes, plasma cells and macrophages. This so called *“stromal reac-
tion”” has long been regarded as an indication of a host reaction against tumor
invasion (Petersen, 1901; Russel, 1908 ; Ribbert, 1916). In many neoplastic dis-
eases — more in epithelial than in mesenchymal — a positive correlation exists
between the presence of a large lymphocytic stromal reaction and a favorable
prognosis (see for review: Underwood, 1974; Berman, 1975). Similar observa-
tions have been reported from carcinomata in the oral cavity (Jones and Coyle,
1969; Paavolainen et al., 1973; Seifert and Burkhardt, 1977).

Some oral carcinomata develop from precancerous lesions, especially from
leukoplakias with dysplasia (Burkhardt and Maerker, 1978). Considering the
cellular stromal reaction to be a phenomenon of the immune surveillance of
neoplasia (Burnet, 1970), we investigated its presence in precancerous and in
the established tumor stages. In precancerous lesions one can generally assume
that a more efficient cellular reaction will occur. The newly transformed cells
may express a vigorous antigenicity and the response capacity of the host may
be strong (Ioachim, 1976). Even severe dysplasias may regress or at least persist
without evolution into tumors (Grundmann, 1975, 1976) and this persistance is
usually associated with a vigorous stromal reaction. In established carcinomata
the immune reaction of the host may have already become ineffective, due to
an exhaustion of the immune capacity or to a sclection of less antigenic tumor
cell clones (OId et al., 1968; Klein, 1972; Klein, 1973).

In agreement with other investigations of leukoplakias (Kramer et al., 1970;
Lehner, 1970, 1971; Burkhardt and Seifert, 1977) we found that the density
of the stromal infiltrate is positively correlated with the grade of dysplasia.
The analysis of the relative distribution of plasma cells, lymphocytes and macro-
phages reveals no significant changes between leukoplakias with and without
dysplasia. Notable differences can be demonstrated by plasma cells; numbers
of IgA- and IgG-positive cells increase significantly in leukoplakias with dyspla-
sia.

Analysis of the carcinomata reveals that the number of plasma cells, espe-
cially IgA- and IgG-containing cells, is proportional to the degree of differentia-
tion and to the amount of keratin. This correlation is supported by comparing
carcinomata before and after radiation and bleomycin-therapy. After radiation
the carcinomata show a progressive dedifferentiation, accompanied by a mark-
edly lower cellular density of the stromal reaction and a decrease in plasma
cells, in particular IgA- and IgG-positive cells. It is well known that radiation
and some cytostatic drugs can influence the immunogenicity of tumors (Simmons
et al., 1975) and the systemic and local immune reactivity of the host (Berdal
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et al., 1975; Raben et al., 1976; Kapstad et al., 1978). Stjernswird and Douglas
(1977) found a considerable suppression of the lymphocyte-mediated cytotoxicity
as late as 5 years after irradiation of breast and ovarian cancer. This immunosup-
pression was positively correlated to an accelerated appearance of distant meta-
stases.

In contrast, bleomycin-treated carcinomata show a higher degree of differ-
entiation (Prosoplasia: Schwalbe, 1911; Burkhardt et al., 1976) and display
no significant changes in the local humoral and cellular immune reaction. These
observations may also represent a stronger response of the host to a more
highly differentiated tumor (Renault et al., 1972; Burkhardt and Héltje, 1975).
Bleomycin-therapy does not alter the immune response of the host significantly,
because this cytostatic drug produces only a very weak immunosuppressive
effect (Boggs, 1974). There is evidence for an increased immunogenicity of
tumors following bleomycin-therapy (Barduagni, 1976; Blomgreen et al., 1977).

The occurrence of mature plasma cells in association with tumors which
are histogenetically distinct has already been described by other investigators
(Berg, 1959: adenocarcinomata of the breast; Johansson and Ljunggqvist, 1974;
urothelial carcinomata; Martin et al., 1977: malignant melanoma). Squamous
cell carcinomata with a high degree of differentiation are especially associated
with plasma cell infiltrates (Ioachim, 1976; Viac et al., 1977; Bustamante et
al., 1978) and some authors emphasize the prognostic importance of the plasma
cell response. In low grade malignant skin tumors Viac et al. (1977) found
numerous plasma cells secreting all immunoglobulin classes, whereas the infil-
trate of highly malignant tumors was characterized by a reduced number of
plasma cells which did not secrete all classes of immunoglobulin. Moreover,
Hoepke (1954) and Berg (1959) observed that tumor cells seemed to be destroyed
in the vicinity of the plasma cells. Adelstein et al. (1978) used a lymphocyte-
cytotoxicity assay in patients with head and neck tumors and found notable
lymphocyte-cytotoxicity to be correlated with a strong plasma-cellular stromal
reaction.

Oral leukoplakias and carcinomata are also associated with a predominantly
plasma cell infiltration (L6ning et al., 1977). Our analysis of the stromal immuno-
globulin distribution (increase in IgG and IgA) can be related to biochemical
findings of saliva immunoglobulin changes in patients with oropharyngeal carci-
nomata (Brown et al., 1975; Wara et al.,, 1975; Niksic and Balogh, 1976).
In these findings the IgA and IgG contents of the whole saliva of cancer patients
were clevated, whereas no elevations were observed in the saliva of the parotid
or submaxillary glands themselves. These biochemical results indicate a leakage
of locally synthesized immunoglobulins through an altered oral mucosa. This
isin accordance with our finding of the occurrence of immunoglobulin throughout
all epithelial layers. The oral squamous epithelium contains mainly IgG, some
IgA and virtually no IgM. It is of interest that in the normal oral mucosa
the keratotic layer seems to act as a diffusion barrier and displays no detectable
immunoglobulin except for a commonly observed superficial label (Brandtzaeg,
1975). Stromal immunoglobulins probably diffuse into the prickle cell layer,
whereas saliva immunoglobulins penetrate the superficial keratinized cell layers.
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In leukoplakia with dysplasia and carcinomata this diffusion barrier seems to
be weakened. Lehner (1969) suggested that the epithelial immunoglobulins in
patients with aphthous ulcers or Behcet’s syndrome might represent autoanti-
bodies which are bound to epithelial antigens and suggested a similar mechanism
in oral leukoplakias and carcinomata (Lehner, 1973).

Mature plasma cells are associated with premalignant and malignant lesions
of the oral mucosa, probably in response to specific antigenic stimulation. Cer-
tainly we cannot exclude that this is due, in part, to an increased mucosal
permeability for exogenous antigens (Rognum et al., 1977). It seems less probable
that the inflammatory infiltrate represents merely a reaction to infected or
necrotic tissues as has been frequently suggested, because the responding cells
are invariably plasma cells and lymphocytes, not polymorphonuclear leukocytes.
Moreover, the correlation between the degree of tumor differentiation and the
amount of the inflammatory infiltrate supports the assumption that the inflam-
matory cells are specifically attracted to the tumor by tumor-associated antigens
(Ioachim, 1976).

Until recently T-cell mediated immunological recognition and destruction
of tumors has been strongly emphasized. Recent observations on T-cell deficient
nude mice, however, have challenged this concept (see for review: Stutman,
1976). Moreover, it is still a matter of controversy whether cytotoxicity of
lymphocytes directed against tumor cells is of any importance in vivo (Under-
wood and Carr, 1972; Karesen, 1974; Underwood, 1976). The rejection of
tumors has been frequently compared with the rejection of grafted tissues
(Hoepke, 1954; Berg, 1959). Schliiter et al. (1973) analyzed the cellular infiltrate
in chronic rejection of human kidney transplants and demonstrated that the
plasma cell might act as an effector cell. The interrelationship between mature
plasma cells and human tumors might also, therefore, be of importance. Immu-
noglobulins can neutralize free tumor antigens, bind complement, act directly
on tumor cells and cooperate with a variety of blood borne cells causing immuno-
logically specific target cell destruction (antibody dependent cell mediated cyto-
toxicity; Henney, 1977; Lewis et al., 1977). Under certain conditions, however,
tumor-specific antibodies may block the lymphocyte-mediated cytotoxicity in
vitro and possibly also in vivo by covering up tumor-associated antigenic deter-
minants (humoral enhancement, Sjégren et al., 1972 ; Hellstrém and Hellstrom,
1976). On the other hand, recent investigations of suppressor cells demonstrated
cellular enhancement mechanisms in cancer (Broder and Waldmann, 1978).

This study demonstrated that IgG- and IgA-containing plasma cells are
consistently and characteristically associated with oral leukoplakias and carcino-
mata. The plasma cell density increases with tumor formation and is related
to its degree of differentiation.

Our finding of a marked stromal and epithelial immunoglobulin reaction
suggests that humoral factors play an important role in the tumor-host-interrela-
tionship.
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