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Abstract. Three typical lcsions of subcutaneous rheuma­
toid nodulcs were studied with thc elcctron microscope 
for evidcncc of collagen degeneration. Admixed with pre­
dominantly amorphous and fine filamentous substances, 
split or frayed collagen fibers with a granular appearance 
were found. Elastic fibers were not severcly affected. The 
segment-long-spacing type of tropocollagcn crystallites 
aggregated out of the incubation mixture of rheumatoid 
nodule homogcnate and purified tropocollagen ,howed 
fragmentation of the molecule, most commonly produc­
ing TC� and TC�. It is postulated that the initial 
cleavage of the collagen molecule is al {J'!,. clcaving thc 
molcculc into TCt and TC� and thc sec�nd system of 
non-spccific proteases contributcs to the further dcgrada­
tion of the molecule. As an alternative, involvement of 
multiple collagenases, each having its own specific site 
of attack on the collagen molecule, is also considered. 

In the light microscope literature, the pinkish, 
amorphous substance occupying the center of the 
nodule has been described as fibrinoid necrosis, 
necrobiosis, etc. (11, 15, 16). In a group of dis­
eases, Pinkus & Mehregan (16) emphasized the 
prinrnry nature of the damage invo\ving the focal 
area of dermal connective tissue. They considered 
the granulomatous infiltration sunounding the 
degeneration as a secondary reaction. Such affec­
tions are: rheumatoid and rheumatic nodules, 
granuloma annulare, necrobiosis lipoidica and 
juxta-articular nodes in elderly sypl1ilitics. In 
these conditions, not only are the fibrillar charac­
teristics of the collagenous tissue !ost, but also 
increased quantities of mucinous substances are 
found in the active lesions. The primary mech­
anisms leadjng to such collagen degeneration and 
an increase of PAS- and Alcian blue-positive 

mucopolysaccharides (11), however, have re­
mained unknown. 

During the course of ultrastructural studies of 
subcutaneous rheumatoid nodules, we observed a 
severe collagen degeneration toward the center of 
each nodule. Further investigation with physio­
chemical methods demonstrated that specific col­
lagenase is present in active form in the lesion. 
Jn this report, ultrastructural evidence of colla­
genolysis in the lesions of three selected cases 
will be described. 

MATERIALS AND METHODS 

Case 1 

J. F. is a 66-year-old white malc with a history of rheuma­
toid arthritis of 25 years' duration. The onset of his dis• 
ease was characterized by i11flammation, pain and swclling 
of the joints of his hands and feet, and thc diseasc 
steadily progressed to eventually involve most o[ thc joints 
of his body. Physical examination revealed a severely 
disabled, elderly male suffering from generalized weak­
ness, joint pain, stiffness and deformities o{ thc majority 
of his peripheral joints. There were severe rheumatoid 
arthritic deformities of both hands with marked ulnar de­
viation of the fingers, thickcning of the metacarpophalan­
geal and proximal interphalangcal joints, and muscular 
atrophy. Large nodules were present in both olecranon 
bursae, on the forearms, butlocks, and heels. Flexion de­
formities of the knees, in addition 10 crepitation on mo­
tion, wcre pronounced. 

Laboratory data. Pertinent laboratory data included a 
weakly positive fluoresccnt antinuclear antibody test, a 
positive rheumatoid factor liter of 1 : 320. repeatedly 
negative LE cell tests, a moderately positive (3 +) C­
reactive protein, a negative VDRL test and a serum 
electrophoresis with decreased albumin and elevation of 
the gamma globulin component. Routine blood chemistries 
were all essentially within normal limits. A complete blood 
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count was normal with the exception of a mild, persistent 
eosinophilia of 5-11 % . 

Roent genograms. The feet showed subluxation of the 
metacarpophalangeal joints, osteoporotic changes, and 
cystic lesions of several of the phalanges. Generalized 
osteoporosis was present in the hands, as was soft lissue 
swelling and narrowing of the joint spaces. A few of 
thc phalanges of the hands showed cystic areas. 

Trea1rnent. Treatinent .in the past includcd such n1edica­

tions as oral prednisone, acetylsalicylic acid, propoxyphene 
HCI and gnid sodium thiomalate injections. Al the tirne 
of this examination, the patient was being treated with 
600 mg of bufCered aspirin five to six tirnes a day. 

Rheumatoid nodules from both forearms were surgically 
excised under 1 % xylocainc anesthesia. They were 
promptly cleansed of all blood, serum and excess sub­
cutaneous tissues. 

Case 2 

J. 0. W. is a 50-year-old white male farmer with docu­
mcntcd rheumatoid anhritis since 1964. On physical ex­
amination, therc was swelling and tenderness of the prox­
imal interphalangeal (PIP) and metacarpophalangeal joints 
of several fingers and lhe left knee. The lcft shouldcr 
was tender 10 palpation. Many PIP joints of the toes were 
protruding and several o[ !hese overlapped. Jn the region 
of the lefl olecranon process there were several nodules
which by previous biopsy had been diagnosed as rheuma­
toid nodules. Another similar nodule was present on the 
righ, Achilles tendon. 

Laboratory data. Pertinent data includes the following: 
rheumatoid factor of l: 1280, total protein or 7.1 grams 
per cent with a slight decrease of albumin and an in­
crease o( all globulin fractions, a mildly positive C-reac­
tive protein (2 + ), corrected sedimenlation rale of 26 mm 
per minute, with negative LE cell and fluorescenl anti­
nuclear antibody tests. Blood chemistries were all un­
remarkable. 

Roentgenograms. The hands and feet showed narrmving 
of the joint spaces with irregularities of the distal heads 
of the metacarpal and metatarsal bones. 

Treatment. Presently, therapy includes aspirin 600 mg 
four limes a day plus 50---75 mg of gold sodium thiomalatc 
intramuscularly every 4 to 6 weeks. lntermittently, 25 mg 
of indomethacin have been taken orally thrce times a 
day for periods of 5 to JO days. 

Case 3 

C. B. is a 50-year-old Caucasian male with a 10-year
history of rheumatoid arthritis. This arthritic condition be­
gan as painful swelling and erythema of the fingers, wrists, 
e lbows. ankles and knees with rapid progression to a 
semi-invalid state. At lime of examination, his physical 
findings consisted of painful swelling of the carpal, meta­
carpophalangeal and proximal interphalangeal joints of 
both hands with associated limitation of motion. There 
was ulnar deviation of all fingers. The knee and ankle 

joints showed moderate periarticular swelling and tender­
ness with a decreased range of motion. Over the olecranon 
proccsses and dorsa of both hands there wcre tender, 
firm nodules. 

Laboratory data. Pertineot laboratory data included a 
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rheumatoid factor titer of 1 : 160, C-reactive protein 4 + 
and a negative LE cell test. Electrolytes and blood chemis­
tries were all within normal limits. 

Roenlgenograms. X-rays of the hands, feet and ankles 
showed diffuse osteoporosis and joint space narrowing. 
These were interpreted as consistent with rheumatoid ar­
thritis. The patient underwent a synovectomy of the left 
dorsal wrist. Al the time of surgery, two subcutaneous 
nodules from thc left elbow were excised under 1 % 
xylocainc anesthesia. 

Subcutaneous rheumatoid nodules obtained from these 
patients were divided into two parts. One piece was fixed 
irnmediatcly in 10% formalin and the othcr half in 5 % 
glutaraldehyde buffcred with 1 / JO M cacodylatc to pH 
7.4. The formalin-fixed tissue was processed routinely and 
stained either with hematoxylin and cosin or with Ver­
hocffs clastic fiber stain. Glutaraldehyde-fixed tissue wa; 
also routinely processed and was embeddcd in A raldite. 
Thin sections, 400-600 Å, were cut in a Porter Blum 
MT-2 ultramicrotome, placed on 200-mesh grids and 
stained with lead citrate and uranyl acetate. Stained sec­
lions were observed in an Hitachi HU-12 electron micro­
scope. The details of clectron microscopic specimen 
preparation have been published elsewbere (4). 

Preparation of segment-long-spacing crystallites from 

reaction mixrnre 

Supcrnatants of three rheumatoid nodules were pooled 
and used for this study. The maximum point of the col­
Iagenolytic process was first detected by viscometry. Then, 
af ter 24 hours incubation and the confirmation of 50 % 
viscosity loss, thc reaction mixture was acidified to pH 3.8 
with acetic acid and EDT A was addecl to a final con­
centration o[ 0.001 M to stop the enzyme activity. The 
acidified solution was filtered and the filtrate was centri­
fuged at 25 000 rprn., dialyscd against 0.05 % acetic acid 
at 4° and lhen lyophilized. A small amount of the 
lyophilized material (1-2 mg) was dissolved in 0.05 M 
acetic acid for 24 hours. Aliquots of this solution were 
kept at 15° for 100-500 hours. This incubation resulted 
in a better yield of high quality SLS with clearer banding 
pattern, both intact and fragmented, probably due to 
proper formation of a tropocollagen type helix (9). To 
each of these solutions 1 % ATP was slowly added with 
constant stirring until the final concentration of 0.4 % 
was reached. The solution became sligh1ly turbid in a 
few seconds. Jf the turbidity was pronounced, the coo­
ccntration of the lyophilized reaction product was reduced 
since SLS specimens from such solution would be over­
lapped and Iumped together and, therefore, accurate ob­
servations on isolated singlc molecutes would be diffi­
cult. The solution showing an ideal turbidity was kept 
in the cold for 60 minutes and 1hen dropped with pipette 
onto Formvar-coated 200-mesh copper grids. The speci­
men on the grid was air dried and stained with 1 % 
aqueous phosphotungstic acid (pH 3.7) for 5 minutes 
and double stained with 1 % aqueous uranyl acetate for 
3 hours. Stained specimens wcre observed in Hitachi HU-
1 JC and HU-12 electron microscopes at accelcrating vol­
tages of 100 and 125 kV. For the control, acid-extracted 
tropocollagcn of calf skin alone (4) was converted lo SLS 
by the same method. 



Fig. I. Homogeneous or granular ma�es of nccrotic ma­

terial (N) are surrounded by histiocytic and fibrocytic 

infiltrations (*) in palisadc along the periphery. Across 

this band of infiltration. a fibrillar pattern of relatively 

normal collagen (c) is scen. Noticc that the centers of 

lhc necrotic masses are relatively acellular. Cascs l and 2. 

X 100. 

RESULTS 

Lighr microscopy 

Jn all three specimens, hematoxylin and cosin 
stained �ections showcd typical histopathologic 
pictures of rheumatoid nodulc: Pink-stainecl ho­
mogeneous or granular masses were individually 

surrounded by band-like infiltrations of histio­

cytes and lymphocytes (Fig. 1). Verhoeff stain 

revealed some intact elastic fibers in most of the 

nodules. 

Electron microscopy 

Cel/ular elements. The center of each nodule was 
relatively acellular except for debris. Lipid-con­
taining histiocytes werc observed frequently (Fig. 
2). A number of fibroblasts were present at the 

periphery of the necrotic mass. Many of them ap­
peared to be very active in protein synthesis: thcy 
showed arrays of rough-surfaced endoplasmic re­
ticulum that were dilated and filled with medium­

electron-dense material (Fig. 3). Some fibroblasts 
contained bundles of microtubules (200-250 Å) 
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and in one case they protruded into the nucleus 

(Fig. 3). Other cell types encountered in the pe­

ripheral cellular infiltration were histiocytes, lym­

phocyte and mast cells. Typical plasma cells wcre 

rarely encountered. Histiocytes, including occa­
sional giant cells, comprised the majority of the 
ccllular infiltration. These histiocytes were often 
connected to each other by desrnosome-like spe­
cia I junctions (Fig. 4). They also produced hcmi­
desmosome-like dense cytoplasmic plaques in ap­

pcsition to basal lamina-like extracellular sub­
stance (Fig. 4). 

Fibrous components. In the vicinity of active 

fibroblasts in the periphery, an abundance of 

microfilaments (100-120 Å) (Fig. 3) was seen, ad­

mixed with young collagen fibrils. The diameters 
of young collagen fibrils werc greatly variable 
(Fig. 3). lt was presumed that thcsc fibroblasts 
represent a part of the repair processes which 
usually Jcad to fibrous organization of old nod­
ules. Toward thc center of the nodules, collagen 
was largely replaced by amorphous or fine, fila­
mentous materials (Figs. 2, 5). Very fine filaments 

measured less than 20 Å (Fig. 5). Some of these 

fine filaments might be fibrin, except that no 

characteristic banding pattern (18) was observed. 

On the other hand. splitting or fraying of col­
lagen fibrils into fine filaments was evident in 
many areas (Fig. 5). Also observed was granular 
material of moderate clectron density. Possible 
derivation of these granular substances from dam­
aged collagen fibrils was l>Uggested in Fig. 5. 
Microfilaments adrnixed with collagen or forming 
independent masses increased in many areas (Fig. 

3). A fair number of elastic fibers persisted in 

the lesion. Fine structural characteristics of these 

fibers were, however. not quite typical; protofila­

mcnts and Jarger fibrils were not incorporated 

into the matrix as in the normal elastic fibers 

of the skin (5, 6), yet they were visible in !arge 

numbers (Fig. 6). Some of these abnorma! elastic 
fibers "erc encircled by histiocytic cells. 

Elecrron microscopy of segmenr-long-spacing 

(SLS) tropocol/agen crystallites 

Segment-long-spacing (SLS) Lropocollagen crystal­
Jites aggregated from thc incubation mixture were 
mainly of two types. One had a lenglh of about 
56 % of the full molecule of Lropocollagen from 

the A end (- H2 terminal) (Fig. 7 left) and the 
other had about 20% of the length of the full 
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Fig. 2. Collagen i'> largely replaced b) fine fi!am�ntous 

(•) and amorphous substances. Some areas appear granu-

molecule from the B end (-COOH terminal) (Fig. 

7 middle). H0\\Cver. none of thc complementary 

pieccs such a� 44 % 8-end fragments nor 80 % 

A-end fragments were discovered. A-A dimer of 

the 56% molccules wa� commonly observcd (Fig. 

7 middle). B-end fragments \\ hich ,,ere further 

Acta Derma101·e11e, (StocÅho/111) 53 

lur. One hbtio�yte contains lipid globule, (L). fl, por­

tions of histiocytcs. Ca,c 3. x LO 600. 

degraded and shortcr than 20 % in lcngth werc 

common. The Jast-citcd possibility was actually 

ob�erved in the homogenate of primary cutaneous 

mclanoma (19): 75% fragments from the A-end 

wcre found in hybridization with 56 % fragments 

(Fig. 7 Iefl). Howe,er. the complementary 25 % 



Fig. 3. Fibroblast found at thc periphery of a necrotic 

mass contains a peculiar bundle of microtubules (r) (200-

250 Å) protruding into the nucleus. Compared at a high 

magnification (T) with microfilaments (F) (100--120 A), 

which are also increased extracellularly in the vicinity, 
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the microtubules are slightly larger (compare two inse! 

pictures). This fihroblasl shows dilatcd rough-surfaced 

endoplasmic rcticulum (*). Young collagen (C) in thc 

vicinity shows variation in diameter. Case 1. Main pic­

ture: x 30 000. Both insets: x 60 000. 
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pieces werc not found in the same preparation. 
From these observations the following three pos­
sibilities were considered: (i) Tropoco!lagen mole­
cules were mainly cleaved into 56 % A-piece 
(TC�) and 44 % B-piece (TCi), or which only 
TC� could be found; (ii) the molecules were 
mainly segmented into TC� and T� pieces and 
only TCt were recovered; or (iii) the specific 
collagenase severed the molecules into TC'is frag­
ments as most of the animal collagenases do (2, 3, 
8, 12, 20) and non-specific proteases further 
eroded these scission products into smaller pieces 
such as TC� and Tci. 

DISCUSSION 

In the present study, collagen fibrils in the necro­
biotic center of the nodule were found to exhibit 
various degenerative processes such as splitting, 
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Fig. 4. (Left) Desmosome-like junc­

tion (D) between two histiocytes 

consists of thickening of cell pcriph­

ery similar to the attachment plaque 

of desmosome and intcrcellular 

dense layer. Oense thickening of cell 

periphery extends beyond the area 

of apposition (*). N, nucleus. Case 

3. x 75 000. (Right) Hemidesmo­

some-like peripheral density of a

histiocyte is matched extracellularly

with accumulation of dense amor­
phous substance (arrows). Case I.

granular changes and final disintegration into 
arnorphous substances. It seems very likely, from 
our previous physiochemical studies (1) as well 
as the present works, that collagen degradation in 
the lesion was initiated by specific collagenase 
or multiple collagenases (see below). 

There is no way at present to correlate the col­
lagen molecule cleavage demonstrated in SLS 
molecules in vitro witb those degenerative 
changes observed in the lesion in vivo. In order 
to define the specific ultrastructural changes 
caused by specific collagenase, it is necessary to 
purify the enzyme, experimentally inject it  into 
animal skin and observe the changes thus pro­
duced. Since our collagenase was a crude prepa­
ration and, furthermore, there is always a pos­
sibility that a non-specific protease system may 
be participating in the degradative action (1) as 
in another system (13), we do not claim specificity 



Pig. 5. Collagen degeneration in lhe area similar lo that 

shown in Fig. 2 is enlarged. There is normally banded 

collagen with fraycd end (1), slightly granulatcd fiber (2), 

swollen and markedly granular fiber (3) and what could 

of the alterations described above. It will suffice 

to say, however, that specific collagenase should 

have been involved initially to produce the mas­

sive collagen degradation in vivo as observed in 

our materials, since collagen is quite resistant to 

degradation by ordinary proteolytic enzymes. En-
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be interpreted as further degraded materials ($). Vcq• 

fine filaments (arrows) and amorphous substance are seen 

in such an area. 

zymes such as trypsin are not regarded as col­

lagenases since they only erode an end of the 

native collagen molecule rather than cleave it, 

although they can further degrade the molecules 

initially cleaved by specific collagenase (17). We 

therefore believe that the collagenase mechanism 
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is involved at the outset of the degeneration pro­

cess. Necrobiotic collagen thus formed may sub­

sequently elicit granulomatous (foreign body) re­

action and, as it su bsides, fibrotic organization. 

Active fibroblasts and associated microfilament 

production as shown in Fig. 3 seem to be par­

ticipating in this repair process. Desmosome-like 

junctions between fibroblasts and histiocytes and 

formation of hemidesmosomes with ground sub­

stance have been observed in scveral abnorma! 

conditions in which collagen alteration or deposi­

tion of ahnormal substances such as hyalin and 

amyloid occur (7, 8). The significance of micro­

tubular bundles in fibroblasts is not clear. 

The origin or the rheumatoid nodule colla-
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Fig. 6. A !arge number of 

protofilaments (1) are still 

visible in mature elastic 

fibers found in the necrotic 

area of a nodule. Larger 

fibrils (F) have not yet bcen 

incorporated into thc fiber 

and are still visiblc. The cn­

tire mass of abnorma! elastic 

fiber is surrounded with a 

histiocyte of which a part is 

shown (H). Case I. x 38 500. 

genase is not known at present. In the early 

lesions of this group of diseases, accumulations 

of histiocytes and fihroblasts are present, sur­

rounding very small foci of "necrobiotic" col­

lagen. lt is only surmised that these cells might 

produce collagenase. In the subcutaneous Jesions 

such as ours, epidermal or dermal papilla col­

Jagenase activity (2, 14) can be ruled out. The 

majority of the cells infiltrating the periphery of 

the necrosis are histiocytes and fibroblasts, thus 

the presence of granulocyte collagenase (12, �}'\ 

can also be ruled out. The fact that elastic fibers 

were more or less spared may indicate the absence 

of significant amounts of elastase such as may 

be released from the granulocytes (10). Further 



Fig. 7. (Le/1) A-A dimcr of TCti, (rop) is matched up
with a full-length molcculc (bo/lom). It is ,ccn that the 
B-terminal sidc cnds bctwccn P-{i and '51 lincs, approx­
imately 56% from A-tcrminal. (Middle) TC�

0 
and hy­

brids or TC:0 with full molecules are shown. lf matched
with a full molecule (top), it is scen that the A-side or
the fragment termmates short of the /J"; line rcpresenting

studies are in progress to characterize this en­

zyme, using physiochemical and electron micro­

scopic method�. 
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Addendum 

Since the completion of this study, Harris, Jr (J Clin 
lnvcst 51: 2973-2976, 1972) has published data that a 
collagenase and a neutral proteasc could be cxtracted 
from the cullure media of rheumaloid nodulc. Both thc 
collagenase and protease wcre active at physiological pH 
and were inhibited hy chelating agents, SH compounds 
and 1 : 40 dilutions or human serum. The purified en­
zymc was said to cleavc the collagen molecule into 75% 

and 25 % fragments, but no electron microcscopic picture 
" .. , presented. 




