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INTRODUCTION

l. Collagen; Occurence and Morphological Characteristics.

The collagen group of proteins is the most abundant protein

structural material in the body accounting for over one third of the

total body protein. Collagen is also the most widely distributed, being

present in all organs, tissues, and especially high in supporting struc

tures, comprising over 90% of the organic matrix of bones and tendons

and over 60% dry weight of dermis. Cornia, fasciae and ligaments are

almost entirely collagen. Collagen is the principal supporting material

in the oral structures, being present in teeth and in their supporting

structures, gingiva, alveolar bone, anchoring fibers, periodontal liga

ments and in a highly mineralized form as dentin in the teeth (Fig. 1).

Collagen is always present as fibers in the body, with different

fiber arrangements to suit the large variety of its function; for

instance, elasticity and resilience in skin comes from felt-like

arrangements, but the ability to bear high impact and mechanical stress

in bone is also due to collagen in complexes with protein polysaccha

rides and minerals. Orthogonal ply-like arrangements in the wall of

blood vessels and parallel fibers in sheets with the fiber axes in

adjacent sheets at right angles maintain a firm control on shape while

maintaining a certain amount of elasticity. The fibers are made up of

staggered arrays of collagen molecules, each of which consists of three

individual chains each of which is called an O -chain. The three

O -chains are intertwined in a coiled-coil arrangement, to give rise

to the characteristic collagen triple helix.



It was recognized only recently that collagen is not a single

homogenous protein but a group of structurally related, genetically

distinct proteins". The differences in collagen allow for the many

different functions collagen serves in different tissues. The

differences are based on the different composition of the O -chains

in each type of collagen (Table l). Type I, the major collagen

species has two different types of O. chains; two identical chains O l

(I) and the third with a different composition, O 2. In all other

collagens, all three O -chains are identical, thus type II = (0.1(II) )3,

etc. Unfortunately, the nomenclature is confusing because it implies

that all C. -chains except C2 are variants of C 1, although they differ

almost as much from C. 1 as does O. 2.

Type I collagen usually forms fibrillar arrangements with fibers

of high tensile strength (Table l). This type of collagen has

relatively little carbohydrate associated with the O-chains. Type II

collagen forms fibrous aggregates which are sparse in comparison to

type I collagen. This type of collagen has a large amount of carbo

hydrate covalently bound to the C. -chains. Type III collagen, unlike

types I and II, has significant amounts of cysteine in the C -chains.

This type of collagen is very hard to isolate because it forms strong

complexes with other connective tissue components. Type III collagen

has been found only in association with type I and only in tissues

which support an endothelium or epithelium. Type IV collagen is the

collagen of basement membranes. It is very closely associated with

non-collagenous proteins and proteoglycans and can be isolated and

solubilized only with great difficulty. Amino acid analyses show that

type IV collagen is strikingly different from other collagen types.



COLLAGENTYPES TYPE
I

-inmosttissues
-

includingskin,bone,
tendon,cornea,and gingiva
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-
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cartilage only

TYPEIII
-
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membranous structures,"reticular fibers",andgingiva

TYPEIV
-
foundin
basement membraneonly

TABLE
l
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O
(II) l3
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It contains greater amounts of hydroxyproline, hydroxylysine and

cysteine than the other collagens”. Additionally, type IV collagen

contains 3- hydroxyproline as well as 4- hydroxyproline, which

appears in all collagens. There are indications that type IV collagens

from basement membranes of different organs may have different

compositions.

2. Nature of Gingival Collagen

Histological and histochemical analysis has shown the gingiva to

be a ligamentous tissue with high collagen content. It has been noted

by Page that both in humans and other primates, gingiva contains only

about 60 per cent as much collagen as the skin, while the collagen

content of the adjacent palatal tissue is comparable to the skin.”.

Cultured fibroblasts from normal human gingiva synthesize both type I

and type III collagens, with the latter comprising between 5-30 per

cent of the total collagen output 4, 11.

The gingival collagen fibers exhibit a specialized degree of

organization and pattern as they pass from bone and soft tissue to

tooth in groups of fiber bundles. (Fig. 1) Collagen thus serves an

important role in maintaining the organic union between the tooth and

the periodontium. Radioactively labeled amino acid precursor studies

moreover, have supported the concept that the gingival collagen is un

usually labile as compared to other body collagen”. This rapid turn

over of gingival collagen may explain some characteristic properties

of gingiva including; l. high potential for regeneration and repair;

2. continuous repair during tooth eruption and 3. the rapid loss of

collagen seen in the early stages of periodontal disease°.



3. Qualitative Changes in Collagen During Disease

Alterations in the type of collagen synthesized have been observed

in several systems. Normal synovia, for example, do not contain type

III collagen, yet rheumatoid or inflamed synovia have been shown to

contain significant amounts of type III collagen'. It has also been

shown that explants of skin tissue from patients with mild osteogenesis

inperfecta have increased ratios of type III collagen compared to

normal patients”.

With the onset of inflammatory gingival and periodontal disease

there are distinct qualitative and quantitative changes in the gingival

connective tissue (Fig. 2 and 3). Plaque microorganisms are ultimately

responsible for provoking these alterations through immunopathologic

and other destructive mechanisms such as collagenases produced by

polymorphonuclear leucocytes (PMN's) and macrophages”. Current research

in this regard is based on the assumption that certain mediators of

inflammation may interact with fibroblasts and affect regulatory sites

in collagen synthesis”. Recent evidence implies that cultured fibro

blasts from diseased gingiva produce qualitatively different collagen

chain types than those from normal gingiva”. Qualitative changes in

collagen during the progression of periodontal disease may subsequently

cause further breakdown due to lowered host resistance.

As periodontal disease progresses, scarring and fibrosis become

important and cause aberrations of gingival texture and architecture.

These collagenous alterations are significant clinically since they may

facilitate the retention of bacterial plaque around the teeth. This in

turn prolongs the disease process which may necessitate surgical treat

ment and influence the long term prognosis of the affected teeth.



As mentioned previously cultured fibroblasts from normal human

gingiva synthesize both type I and III collagen with the latter com

prising between 5-30 per cent of the total collagen output. In these

studies cultured fibroblasts from diseased gingiva fail to produce

type III collagen. These fibroblasts were obtained from biopsies of

interproximal gingival papilla of an individual with clinically and

radiographically normal tissues and from a comparable site in an

individual with severe chronic periodontitis with extensive bone loss 11.

Unfortunately, there were only two experimental subjects in this

study and no accepted indices of periodontal health or disease were

recorded prior to biopsy extraction. Also, it has been suggested that

relative proportions of type I and III collagen may not always be

accurately reflected in the synthetic activity of cultured fibroblasts”.

Culturing isolated cells often results in altered patterns of collagen

synthesis. Studies on chondrocytes show that the chain composition of

collagen synthesized by these cells differed from collagen chain com

position in intact cartilage”. This has been attributed to "de

differentiation". Similar observations were made by Miller and

colleagues in chondrocyte cultures**. These problems complicate the

interpretation of collagen chain composition data obtained in studies

on isolated cell cultures several generations removed from their

native tissues.

In light of previous work regarding the loss of type III collagen

in severe chronic inflammatory periodontal disease (CIPD), it can be

presumed that with an increasing severity of periodontal disease there

should be a concommitant increase in the ratio of type I/type III with

the eventual loss of type III in severe CIPD.



The objective of my research was to test this hypothesis by

correlating periodontal disease with the percentage of type I and

type III collagen. The extent of periodontal disease was recorded with

standard clinical and histological measurements. Column chromatography

of labelled collagen was used to separate and quantify the type I and

type III collagen. Considering the work of Sykes”, Harvey*, and

Miller”, as mentioned above, it was felt that tissue explants rather

than cultured fibroblasts should be used to represent the collagen of

the designated gingival areas.



METHODS AND MATERIALS

Twenty patients scheduled for periodontal surgery in the Graduate

Periodontal Clinic of the University of California Dental School were

used in the experiment. There were 13 males and 7 females ranging in

age from l3 to 6l. Upon initial examination the periodontal diagnosis

for these patients ranged from moderate gingivitis to severe chronic

periodontitis. In each patient a biopsy explant site was designated.

In all cases these sites involved gingiva that would be considered non

essential tissue during the course of periodontal surgery. In this

manner 35 gingival areas were designated as biopsy explant material for

clinical, histopathological and biochemical assessment.

l. Clinical Assessment of CIPD

Prior to the administration of local anesthesia the areas to be

biopsied were characterized by three clinical parameters of CIPD: The

Gingival Index - GT15, Periodontal Disease Index - PDI16

Exudate - GE17.

and Gingival

The Gingival Index is considered a subjective method for assessing

gingival inflammation. Criteria for the Gingival Index (GI) System are

based on color change, surface texture, contour and bleeding tendency.



Gingival Index (GI)

The GI as prescribed by Lóe, is characterized as follows:

GI=0 Normal gingiva. Absence of inflammation.

GI-l Mild Inflammation. Slight change in color,
slight edema.

No bleeding upon probing.

GI-2 Moderate Inflammation. Moderate redness,
edema and glazing.

Bleeding upon probing.

GI=3 Severe Inflammation. Marked redness and edema.
Ulceration.

Tendency to bleed spontaneously.

The presence of color change (usually various hues of red) in

inflamed gingiva is due primarily to an increased blood supply in

the area. Edematous enlargement is caused by fluid accumulation in

the inflamed connective tissue which comes from increased permeability

of blood vessels. Bleeding upon gentle probing occurs in inflamed

gingiva because of microulcerations of the pocket epithelium.

Periodontal Disease Index (PDI)

The PDI (Ramfjord 1967) measures both gingivitis and attachment

loss around individual teeth. Attachment loss, moreover, has been

associated with alveolar bone loss. The scoring system for the PDI

is as follows: (See next page)
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-
PDI-O

PDI-1

PDI-2

PDI-3

PDI-4

PDI-5

PDI-6

Absence of signs of inflammation.

Mild to moderate inflammatory changes, not
extending around the tooth.

Mild to moderately severe gingivitis
extending all around the tooth.

Severe gingivitis characterized by marked
redness, swelling, tendency to bleed (upon
probing) and ulceration.

Gingival crevice extends S 3mm
apically from the Cemento-enamel Junction
(CEJ) (Gingivitis score disregarded).

Gingival crevice extends 2 3 to $ 6mm
apically from the CEJ. (Gingivitis score
again disregarded).

Gingival crevice extends P 6mm apically from
the CEJ. (Gingivitis score again disregarded).

Gingival Exudate (GE)

Gingival Exudate (GE) (Loe and Hol-Pedersen, 1965) measures the

amount of crevicular fluid (inflammatory exudate) which collects around

the necks of teeth. Many studies have confirmed that the measurement

of this fluid correlates well with other clinical assessments of

gingivitis

follows:

18–23 . In the present study the GE was carried out as

l. The gingival sulcus of the biopsy site was air
dried for lo seconds.

2. A lxl.0 mm strip of filter paper was then placed
into the sulcus until resistance was felt.

3. The filter strip was left in place for 90 seconds.

4. The strip was then dried, stained with 2% ninhydrin
and the length of fluid absorption was measured with
calipers to the nearest O. lmm.
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2. Histopathological Assessment of CIPD

The areas which had been designated for periodontal surgery were

now anesthetized with lidocaine 2% with l; 50,000 epinepherine. Standard

reverse bevel incisions were made on the palatal aspect of the teeth

involved. A gingival biopsy which included the site where the GE, PDI

and GI measurements were taken was removed, being careful that the

sample extended beyond the junctional epithelium (Fig. 4). The speci

men was sagittally sectioned at the site where the clinical indicies

were recorded. One sample was fixed in formalin for histological

evaluation and the other prepared for biochemical analysis. The

histological sample was embedded in paraffin, sectioned and stained

with hemotoxylin and eosin. The histological section was examined with

the aid of a light microscope to varify the areas of inflammatory cell

infiltration. Then with a prism attached to the microscope eyepiece,

the image was projected at lox power onto a piece of la x 17 inch white

paper. The areas of inflammation were superimposed over the connective

tissue outline. An area was considered infiltrated if it appeared that

inflammatory cells constituted greater than 25% of the tissue. A com

l3 the area of infilpensating planimeter (K+E) was used to calculate

tration by inflammatory cells and the total area of connective tissue.

From these measurements the percentage of connective tissue infiltrated

by inflammatory cells was calculated. This was designated as the Per

Cent Inflammed Connective Tissue -% ICT (See Figs. 13 and 14).
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3. Biochemical Analysis of Gingival Collagen Composition

A. In vitro labelling of tissue explant collagen:

In order to determine the proportion of type I and type III

collagen chains synthesized by gingival explants, the tissues were

labelled in vitro immediately after excision. The gingival explants

were placed in Dulbecco-Vogt modification of Eagle's MEM containing

L 3, 4 ( 3H ) - proline with a specific activity of 250 mc/mMole (New

England Nuclear), appropriate precursors, and ascorbic acid (50 mg/ml)

and incubated for four hours at 37°C. It is assumed that during this

short period in vitro, the cells in the tissue remain fully differ

entiated and maintain their native regulatory interactions such as cell

cell and cell-matrix contacts.

B. Pepsin Digestion:

The explants were weighed (wet wt.) and homogenized for one

minute on ice in the presence of 5 ml of 0.5 N acetic acid. The volume

was then brought to 20 ml with three 5 ml rinses of 0.5 N acetic acid.

20 mg of Pepsin (Worthington Biochemical) was added and the mixture

incubated at 4°C with stirring for 24 hours.

The sample was then spun at 10,000 rpm for 30 minutes. The

supernatant contained the soluble collagen while insoluble collagen and

debris was in the precipitate. To the supernatant was then added enough

5 M NaOH to neutralize it to pH 8 and then it was stirred for one hour.

Next this solution was weighed, and then 0.2 x its weight in grams of

NaCl was added and stirred at 4°C overnight.

The sample was then spun at 10,000 rpm for 30 minutes at 4°C. The

supernatant was removed and to the precipitate 20 ml of 0.16 M K P
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pH 7.4 was added and the sample was allowed to resuspend at 4°C for

6 hrs. 4 grams of NaCl was then added and the solution and stirred

overnight at 4°C.

The sample was spun at 10,000 rpm for 30 minutes at 4°C and to

the precipitate 20 ml of 0.5 M acetic acid was added and the sample

was stirred for 6 hrs. 4 grams of NaCl was then added and the sample

stirred overnight.

C. Procedures to Isolate Collagen

Several procedures have been proposed for the separation of type I

14, 30collagen chains from type III chains These are based either on

differential precipitation of these collagens at different NaCl con

l4 30centration**, or by gel filtration”. The procedure we have used is

based on the fact that the pepsin treated type III collagen molecule

is stabilized by inter-chain cysteine disulfide bonds, whereas there is

no cysteine in type I collagen. In our procedure, adapted from a

published method”, the disulfide bridges in type III collagen are

reduced with dithiotheitol (DTT) and the mixture of type I and reduced

type III collagens reacted with an affinity chromatography medium

specific for -SH groups. Type III is coupled to the affinity medium

by disulfide bridges and can thus be separated from type I chains.

Figure 5 outlines the collagen chain separation technique used in

this study.

The sample from the final salt precipitation was centrifuged at

15,000 x g at 4°C for 30 minutes. The pellet was suspended in 5-10 ml

buffer (0.1M TRIS-HCl, 0.3M NaCl, 1 mM EDTA, l.0 M urea, at pH 8).

Dithiothreitol (DTT) was added to a final concentration of 100 \l g/ml to

the buffer and the solution was incubated at 60°C for 30 minutes
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(Fig. 5A). Reduced collagen was separated from unreacted DTT by

chromatography on Sephadex 6-25 (Fig. 5B). The Sephadex 6-25 column

was previously equilibrated with buffer without DTT (0.1 M TRIS-HCl,

0.3M NaCl, l mM EDTA, 1.0 M urea, at pH 8) and the sample was eluted

with this same buffer. 8 ml fractions were collected in a Gibson

Fraction Collector. The column effluent was monitored at 230 nm. The

protein eluted in the exclusion volume (around fractions 8-12) (Fig. 6).

The pooled peak fractions represented pure type I and type III collagens.

The collagens were in a denatured state because of the presence of

l.0 M urea in the buffer.

In order to separate type I and type III collagens, the pooled

collagen peak from the Sephadex - G25 column (Fig. 6) was incubated in

thrice fined thiol-activated Sepharose 4 B (TAS4B) for 3 hrs. at 43°C.

This allowed for bonding of the TAS4B to sulfide side chains which

have been previously exposed by the addition of DTT (Fig. 5C). The

prepared Sepharose was degassed to avoid bubble formation.

The thiol-Sepharose-collagen slurry was placed in a water

jacketed column (0.9 x 10 cm) maintained at 37°C. Fractions (8 ml)

were collected as the slurry settled in the column; loC ml of buffer

was added on the column. The unreacted collagen chains (type I chains)

were eliminated from the Sepharose (Fig. 5D) and constituted the broad

peak (Fig. 7). Type III remained coupled to the thiol-Sepharose column;

type III collagen was eluted by reducing the Sepharose-S-S- collagen III

disulfide links with DTT (6.5 mM DTT in buffer) (Fig. 5E, Fig. 7). The

fractions were monitored at 230 nm in a recording spectophotometric

device (Gilson Holochrome). Aliquots of each fraction were assayed for

*H-radioactivity in a scintillation counter (Packard Tricarb). The
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pooled radioactivity in the two peaks represented the newly synthesized

type I and type III collagens.

This procedure was calibrated by comparing it with two other

methods for separating type I and type III collagens, one based on

l4differential salt precipitation” and the other on the basis of gel

filtration”. No significant differences were found in the proportions

of type I and type III collagens in a sample of rat skin when analyzed

by any of the three methods discussed above. The identity of the type I

and type III collagen chains isolated by these procedures was also con

firmed by chromatography on carboxy methyl cellulose columns. A major

difficulty in our studies on gingival collagen was the small amount of

tissue available. CMC gives unpredictable yields and could not be used

as a method of choice. In order to determine a reproducible method

applicable to the small tissue samples available to us, we compared

three published procedures based on differential precipitation and

affinity chromatography (Table 2). In this experiment pooled samples

of collagen obtained from rat lung in organ culture were analyzed.

Previous studies have shown that young rat lung parenchyma synthesizes

70% type I and 30% type III collagen” . The differential precipitation

methods and affinity chromatography gave consistant distributions of

type I and type III collagens. The identity of the chains was further

confirmed by chromatography on CMC. Because the thiol-Sepharose pro

cedure is the most convenient and gave reproducible yields, we adapted

the procedure for gingival collagen analysis.
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TABLE 2

ANALYSIS OF COLLAGEN CHAIN TYPES :

COMPARISON OF THREE PUBLISHED METHODS

RELATIVE PROPORTIONS OF
PULSE-LABELLED COLLAGEN TYPES

METHOD % Type I % TypH III

DIFFERENTIAL PRECIPITATION,
ACCORDING TO MILLER (lA) 71 29

ACCORDING TO CHANDRARAJAN

(32) 74 26

AFFINITY CHROMATOGRAPHY

ON THIOL-SEPHAROSE COLUMN,
ACCORDING TO SYKES (24) 69 31
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RESULTS

l. Clinical and Histopathologic Indices of CIPD

Of the original thirty-five gingival areas designated as biopsy

explant material, twenty-three proved to be suitable for clinical and

histological examination. The twelve disregarded samples were either

too small or showed significant lack of orientation as histological

sections and thus were not included in the evaluation.

The four indices of Chronic Inflammatory Periodontal Disease (CIPD)

used in this study (Gingival Index-GI, Periodontal Disease Index-PDI,

Gingival Exudate-GE, and Per Cent Inflamed Connective Tissue - %ICT)

were tested for internal consistency with the Pearsons Product Moment

Correlation coefficient-"r"**.

The GI correlated with the $ ICT, PDI, and GE at the .05, .01 and

.00l significance levels respectively. The GE correlated with the PDI

and $ ICT at the .0l significance level. The PDI and $ ICT were the

only indices that did not correlate significantly. The most significant

"r" value noted was that between the GE and GI (r=.82) (Table 3 and

Figs. 8-12).

2. Biochemical Analysis of Gingival Collagen

Of the original thirty-five gingival areas designated ten were

found to be suitable for biochemical collagen assay. After each sample

was labelled with *H- proline and then homogenized, the total radio

activity incorporated into the protein was determined. Ten samples

were found to incorporate enough radioactivity to be sufficient for

thio-Sepharose column chromatography, (less than 3000 cpm was considered
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TABLE 3

CORRELATION COEFFICIENTS AND THE LEVEL OF

SIGNIFICANCE OF THE RELATIONSHIP BETWEEN

THE GINGIVAL INDEX -- GI, PERIODONTAL DISEASE

INDEX -- PDI, GINGIVAL EXUDATE -- GE, AND

PERCENT INFLAMED CONNECTIVE TISSUE -- $ ICT.

GI PDI GE $ ICT

GI .63% # |.82.” • 46%

PDI .59% # .33 N. S.

GE ... 61% #

$1CT

*p < .05 **p < . Ol ***p < .001 N.S. not significant
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inadequate for this procedure). These samples were subjected to the

thiol-Sepharose chromatography procedure as described in the methods

section and the percentage of type I and type III collagen was

determined from the total radioactivity obtained in the respective

type I and type III collagen peaks. The percentage of type I collagen

ranged from 51% to 93% with the remainder being type III (Table 4).

It was noted that type III collagen was present in both normal and

diseased samples.

The combined clinical, histological and biochemical data from

these ten gingival samples was then correlated using the Pearson's

Product Moment Correlation coefficient” (Table 5 ). There was no

significant correlation between the clinical or histological indices of

inflammation and the percentage of type I collagen in the gingival areas

sampled. For statistical correlation the percentage of only type I was

utilized since the remainder of each sample was exclusively type III.

Therefore, either type I or type III would have shown the same corre

lation with the indices of inflammation. The results indicate that

with increasing severity of CIPD there is no concurrent change in the

gingival collagen type I/type III ratio.

These findings may be of significance in light of previously

published work on type I/type III collagen ratios in chronically

25–28.inflammed and healing tissues Whereas inflammed and/or healing

lesions in other systems have shown increasing amounts of type III

25,26, the gingiva in chronic inflammatory periodontal diseasecollagen

showed the same amount of type III collagen as normal gingiva. These

issues will be considered in depth in the discussion section which

follows.
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TABLE 4

Sample COLLAGEN % CLINICAL AND HISTOLOGIC INDEX

In O. Type I Type III GI PDI GE $ICT

l 59% 41% l 2 l. 2 63.9

2 63% 37% O l 0.3 38.0

3 92% 8% 2 4 3.4 38.2

4 61% 39% 2 3 5.0 6.9

5 76% 24% l 2 l.0 l4.3

6 63% 3.7% 2 6 5. 6 0.45

7 85% 15% 2 5 6.0 62. 7

8 51% 49% 2 5 6.2 18.8

9 77% 23% 2 5 3.5 2.3

10 93% 7% l l 0.6 O. 9

Table 4. Results of Clinical, Histological, and
Biochemical analysis of ten gingival explants. GI
Gingival Index, PDI- Periodontal Disease Index, GE
Gingival Exudate, $1CT- Percent Inflamed Connective
Tissue.
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TABLE 5

CORRELATION COEFFICIENTS AND THE LEVEL OF

SIGNIFICANCE OF THE RELATIONSHIP BETWEEN

THE PERCENT TYPE I COLLAGEN-3, TYPE I, AND

THE GINGIVAL INDEX-GI, PERIODONTAL DISEASE

INDEX-PDI, GINGIVAL EXUDATE–GE, AND THE

PERCENT INFLAMED CONNECTIVE TISSUE-$ICT.

| GI | PDI | GE $ICT

% Type I r=. 07 r=. 06 r=-. 24 r=-. 22
N. S. N. S. N. S. N. S.

N.S. - non-significant
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DISCUSSION

l. Clinical and Histological Assessment of CIPD

Several investigators have attempted to correlate clinical and

histological indices with the inflammatory process found within the

gingival tissues. Among these studies there has been disagreement.

In those studies where correlation coefficients (r values) were

calculated, the correlation between clinical assessment and histologic

evaluation was found to range from r = .32 to r = .69. The correlation

between gingival exudate measurements (GE) and histologic evaluation in

these studies ranged from r = .32 to r = .7518-20. Orban and Stallard

in an earlier study utilized scattergrams and concluded that there was

"very little if any" correlation between clinical assessment, gingival

exudate measurements, and histologic evaluation”. Oliver et al.

utilized scattergrams to relate the various inflammatory indicators”.

This study showed that the correlation depended on the method of histo

logic evaluation. When clinical assessment and exudate measurements

were compared with inflammatory cell density, a good correlation was

found. If, the percentage of connective tissue infiltrated by inflam

matory cells was used as a basis of comparison, then no correlation was

found (Figs. 13 and 14 show representative histological sections).

In the present research it was noted that with the exception of

the PDI and $ ICT, all the clinical and histological indices correlated

to at least the .05 significance level. This was consistent with

k18,21,23.previous wor Since the PDI is more a chronic measure of

periodontal attachment and bone loss than of acute inflammation, it
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was not expected that this clinical index would correlate well with a

histological measure of inflammatory cells such as the # ICT.

There were some difficulties in obtaining useable Gingival

Exudate and Histological samples. Since the biopsy sample sites were

dictated by the surgical needs of the patients, many sites were located

around posterior teeth which made access difficult. For this reason

some of the GE samples were not useable due to salivary contamination.

Also, during the surgical procedure, it was often impossible to preserve

the integrity of the gingival sample and thus histological orientation

became very difficult. Sometimes this precluded the use of the histo

logical section in deriving the $ ICT. Figure 4 shows the proper

section needed for histological evaluation. It must include the gingiva

approximating the tooth as well as the junctional epithelium

2. Biochemical Assessment of Collagen Composition

Currently the techniques available for characterization of collagen

chains rely on chromatography, electrophoresis, or an analysis of CN Br

derived peptide fragments of collagen. The CN Br- fragment fingerprint

procedure was precluded in our studies because of they very small

amounts of tissue available and because of the low levels of radio

activity incorporated.

Chromatography requires successive use of separation procedures

based on both molecular net charge (e.g. ion exchange chromatography)

as well as on molecular size (e.g. gel filtration chromagraphy). In

the case of collagen chain separation the most widely used methodology

is on carboxy methyl cellulose (CMC) columns which separate the chains
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according to charge. Collagen fractions with a net positive charge at

pH 7 will bind to the carboxylate groups of the CMC column, whereas

this is not the case for negatively charged fractions. Such a posi

tively charged fraction can be released from the column by adding NaCl

to the eluting buffer. Sodium ions compete with positively charged

groups for binding sites on the column. Fractions such as the collagen

0 1 and 0.2 chains can be separated and quantified in this manner as a

means of identifying collagen types. A detailed account of this tech

nique has been reported by Miller”.

Zone electrophoresis is also used to separate collagen components.

The advantage of this method is that it has better resolution than CMC

chromatography. Electrophoresis allows only for identification, however,

and does not permit preparative scale separations for which other tech

niques must be used. Basically, zone electrophoresis relies on the

principal that proteins having different net charges will separate when

a voltage is applied. A sample is placed on a medium (paper, cellulose

acetate, gel, etc.) which is suspended between positive and negative

electrodes. The fraction with the greatest net negative charge, for

example, will move as a separate band ahead of the other fractions

toward the positive electrode. The positively charged chains will move

in the opposite direction. Collagen chain types are easily identified

by comparing their banding patterns with known standards.

In separating type I and type III collagen in tissue samples, CMC

chromatography has been most widely used. There are problems with the

technique, however, formost being recovery. This problem of yield

efficiency was of extreme interest in our experiments since the gingival



25

tissue samples we used were small (dry wit. = 25–50 mg. ). In these

samples only 9-11,000° H-proline counts were incorporated into the

extractable collagen. Moreover, during pepsin treatment and subsequent

purification steps prior to chromatography, only 60% of the original

collagen counts can be expected to be recovered. For these reasons we

needed a chromatographic method with better yield than CMC columns.

Therefore the thiol-sepharose column chromatographic method developed

by Sykes was chosen”.

The Sykes technique utilizes a thiol-sepharose column and relies

on the covalent binding of free thiol groups in reduced denatured type

III collagen to thiol groups immobilized on the Sepharose (see methodo

logy section for description of technique). Collagen type I and type

III separated by this technique have been identified using both CMC

chromatography and amino acid analysis”. The advantage of this

technique in our study was the relatively high yield. In our pilot

experiments we obtained over 80% recovery of newly synthesized collagen

from thiol-sepharose columns.

Since the amount of newly synthesized collagen in our gingival

explants was unavoidably very small, it was not possible to utilize the

recovered type I and type III collagen peaks from the thiol-sepharose

column for further characterization. However, in our normal samples

(according to the clinical and histological indices used in this study)

the proportion of type I and type III collagen obtained was consistent

with the reported ratio of type I/type III in normal gingiva tissue

11,12.using CMC chromatography and gel electrophoresis This suggests

that the Sykes method is an effective separation technique for type I
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and type III collagen obtained from gingival tissue. As discussed in

the methods section, type I/type III ratios obtained by this procedure

are comparable to those ratios obtained by other methods (Table 2 ) .

The results obtained from thiol-sepharose column chromatography

indicate no correlation between severity of periodontal disease and

percentage of type I or type III collagen. In fact, diseased gingival

tissues continue to synthesize the same collagen chain composition

as normal gingiva.

The statistical analysis correlating the data from the clinical,

histological and biochemical findings was based on the Pearson's

Correlation Coefficient. Since this was a parametric statistic there

was some question as to its validity in comparing parametric indices

(the Gingival Exudate, Per Cent Infiltrate and Per Cent type I collagen)

with nonparametric indices (the Gingival Index and Periodontal Disease

Index). The nonparametric Spearman Rank Coefficient” was therefore

also employed and proved to verify the original statistical findings.

Our Observations in this study appear to contradict the previous

findings”. In these studies it was shown that fibroblasts derived from

chronically inflamed gingivae failed to produce type III collagen. In

this case 80% of the collagen was type I and 20% was an aberrant trimer,

( O 1 (I) ) 3. These workers suggest that in periodontal disease, products

of inflammation, possibly lymphokines or prostaglandins may create

selective growth pressures leading to modulation in fibroblast popu

lations accounting for the loss to type III collagen.



27

Our results on ten patients did not show a loss of type III

collagen in CIPD. Moreover, there was no change in the ratio of

Collagen type I/III with increasing severity of CIPD. However, in

other connective tissue systems where collagen types in diseased

tissues was compared to normals, there was an increase in the production

of type III collagen. Increased type III has been demonstrated in

25, 26cirrhotic livers and in inflammed synovial membranes which norm

ally have only type II molecules”. It has been suggested that type

III collagen is a fetal form since it is the predominant species in

fetal and very young tissues and is produced in large amounts in

regenerative tissues?7, 28. The association of type III collagen with

"injured" tissues suggests that it may play a role in regeneration and

morphogenesis. It has been documented that while adult skin has a ratio

of type I/type III collagen of 3.5:1, embryonic skin shows much more

type III with a ratio of 1:127. Furthermore, increased type III was

28.seen in the primitive granulation tissue of healing wounds

Recent studies have shown that type III collagen is more efficient

33 34in binding cells and macromolecular agents such as fibronectin

These features of type III collagen also indicate a significant role

for this species in wound healing and regeneration. A deficit in the

amount of type III collagen would contribute to the failure of a tissue

to repair on schedule. CIPD appears to be a manifestation of retarded

or inhibited healing. Wound healing in most tissues is accompanied by

28an increase in the production of type III collagen”. The failure of

CIPD gingivae to produce increased amounts of type III collagen provides
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an explanation for the chronic nature of these gingival lesions.

With this in mind it is important to review our findings and those

of Narayanan et al. in regard to collagen composition in CIPD. These

workers reported a lack of type III collagen in fibroblast cultures

derived from a single CIPD patient. Our results showed no increase

in type III collagen synthesis in gingival explants from ten patients

with increasing severity of CIPD. It was mentioned above that inflammed

and/or healing lesions showed increasing amounts of type III collagen.

Conceivably this same phenomena should be expected in inflammatory

periodontal disease. However, this was not shown by either our studies

or those of Narayanan et al. In this respect the results of both

studies are in accord. The significance of this finding is unclear.

It may be speculated that the lesion of CIPD may not be able to produce

enough type III collagen in order to become a healing lesion, and thus

always remain chronic.

In conclusion, it should be emphasized that our findings were

representative of tissue explants and not fibroblast cultures. The

hazards of collagen typing from fibroblast cultures have previously

been mentioned”””. Narayanan's group also showed discrepancies in

the collagen typing of fibroblast tissue cultures. He noted in normal

gingiva that after one or two generations in culture the total type III

collagen was five per cent whereas after fifteen generations the amount

of type III rose to thirty per cent”. These differences may be due to

the fact that fibroblast cultures are several passages removed from the

donor tissue. Unlike cells from gingival explants, cultures do not

retain their native cell-cell and cell matrix contacts during their
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incubation period with H3 proline. For these reasons we chose tissue

explants for our studies, since the biosynthetic activity of explant

cells seems more closely to reflect the dedifferentiated state of

cells of tissue in vivo.
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SUMMARY

Collagen comprises nearly 50% of the total protein in human

gingiva. Nearly 70% of this collagen is type I and the remainder

type III in healthy tissues. The integrity of this collagen is

important in maintaining the structure and function of the perio

dontium. The current knowledge on the pathogenesis of Chronic

Inflammatory Periodontal Disease (CIPD) is based largely on histo

pathologic and ultrastructural changes. Since connective tissue

changes are an important part of CIPD, it was of interest to determine

if the proportions of type I and type III collagen chains are altered

in CIPD. We have examined the relative amounts of type I and type III

chains in well characterized gingival explants obtained from patients

with varying degrees of severity of disease. The clinical indices

used to characterize the tissues were the Gingival Index, Periodontal

Disease Index and Gingival Exudate. Histopathologic examination was

used to determine the extent of inflammation and these findings cor

roborated the clinical indices. Collagen was labelled with 3H in the

tissue explants using short term culture procedures. Type I and type

III collagen chains were separated by affinity chromatography on thiol

Sepharose columns. No correlation was found between the proportions of

type I and type III chain synthesis and the severity of CIPD. Our

studies suggest that chronically inflammed gingiva continue to syn

thesize the normal collagen component.
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Figure 1. Healthy periodontium. The gingival sulcus is very shallow
(0 - 0.2 mm). The apical termination of the junctional epithelium (JE)
is at the cementoenamel junction (CEJ). The JE is attached to enamel (E)
via hemidesmosomes. There are very few, if any, inflammatory cells in
the gingival connective tissue. Dentin (D), cementum (C).

Periodontal Ligament

(Adapted from Biological Basis of Periodontal Maintenance Therapy,
Armitage, G.C., Praxis Publishing Company, 1979).
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Figure 2. Gingivitis. The gingival margin is enlarged (edematous).
Gingival sulcus has been deepened due to disruption of the epithelial
attachment by dental plaque (i.e. hemidesmosomes of junctional epithelia
have been disrupted). Some or all of the JE has been transformed into
pocket epithelium (PE). Gingival connective tissue (CT) is heavily
infiltrated with inflammatory cells. Proliferation of PE into inflamed
CT is a prominent feature. No apical migration of the JE or resorption of
alveolar bone has occurred. Apical termination of JE still at CE.J.
Dentin (D), cementum (C), enamel (E).
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(Adapted from Biological Basis of Periodontal Maintenance. Therapy, Praxis
Publishing Company, 1979).
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Figure 3. Periodontitis. Major features include apical migration of
the JE from the CEJ, bone loss, and recession of the gingival margin (not
always observed). Most of the histopathologic features of gingivitis,
such as heavily inflamed CT and proliferation of PE, are present.
Dentin (D), cementum (C), enamel (E).

(Adapted from Biologic Basis of Periodontal Maintenance Therapy, Praxis
Publishing Company, 1979).
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Figure 6. Elution profile of reduced and denatured
pepsin-treated gingiva from Sephadex G-25.
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Figure 7. Elution pattern of reduced and denatured
pepsin-treated gingival collagen from thiol-Sepharose
colli mr. -
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Figure 8. Scatter Plot of Relationship Between
Gingival Index--GI and Gingival Exudate--GE
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Figure 9. Scatter Plot of the Relationship Between
Periodontal Disease Index--PDI and Gingival Exudate--GE
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Histological section of relatively normal
gingiva;

Figure 13.
$ICT = 0.9.

Histological section of moderately inflamedFigure la .
-- $1CT = 38.2.glnglva;
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