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An indirect immunofluorescent method for localizing specific types of collagen was ap-
plied to unfixed cryostat sections of autopsy and biopsy specimens of normal and fibrotic
human livers. Monospecific antibodies to Types I, III, and B collagens were raised in
goats by injecting collagens extracted from normal and fibrotic human livers. The anti-
body against B collagen stained the delicate sinusoidal meshwork within the lobule that
closely paralleled in distribution the staining of reticulin fibers as seen in classical silver
preparations. Antibody to Type III collagen stained at the sinusoidal aspect of the hepato-
cytes in a pattern similar to anti-B antibody. All three antibodies tested strongly stained
the portal tracts and the fibrotic bands in specimens with cirrhosis. These observations in-
dicate that reticulin fibers within the liver lobule contain both Type III and Type B colla-
gen. (Am J Pathol 1980, 98:591-602)

TYPES I AND III COLLAGENS have been determined quan-
titatively in normal and fibrotic livers.' These collagens have been local-
ized also by immunofluorescence in human4'5 and rat livers.6 Connective
tissue within the portal tracts has been stained with antibodies to Type I
and Type III collagens. Reticulin fibers bordering sinusoids have been
stained with antibodies to Type III collagen.

Recently, it has been shown by biochemical analysis that normal and fi-
brotic livers contain other collagens in addition to Type I and Type III.
They may represent close to a third of total liver collagen. Their amino
acid composition is similar to that of basement membrane; that is, they
contain relatively more 3-hydroxyproline and hydroxylysine and relatively
less alanine than interstitial collagens.7-9 Two of these collagens, A and B,
have been recently isolated and characterized. They are similar to the A
and B chains isolated from skin 10 and to the a (A) and , (B) collagens iso-
lated from placenta." A and B collagens appear to be genetically distinct
collagens and are made of three individual a-chains.'2

In this communication, we present evidence to suggest that the fine re-
ticulin fibers of the liver, especially those located at the sinusoidal surface
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of the hepatocytes, stain with anti-B collagen antibodies. Our results also
suggest that there is B collagen in the kidney within basement membranes
of the glomeruli and tubules.

Materials and Methods
Collagens were extracted and purified as previously described.3 The purity and homoge-

neity of each of the collagens to be used as antigens were determined by SDS-acrylamide
gel electrophoresis, CM-cellulose, and amino acid analysis of the individual a-chains.3 The
antigen (100 jig for Type I and Type III collagens and 320 ,ug for B collagen), dissolved in
100 ml of 0.25 M acetic acid, was mixed with 0.9 ml of phosphate-buffered saline (PBS),
pH 7.4, and 1.5 ml of complete Freund's adjuvant. The sample was homogenized at full
speed for 90 seconds in a Sorval homogenizer. Goats received multiple intradermal injec-
tions of the antigen. They were bled at 1-week intervals, and the presence of antibodies
was tested by immunodiffusion in 1.2% agarose. The immunization was repeated every 2
weeks until positive results were obtained. For the B collagen two injections were needed.
For Type I and Type III collagens, four injections were needed. For Type I and Type III
collagens, four injections were necessary. A booster shot was given to the goats, and 1
week later they were bled and sacrificed.

Purification of IgG

Immune serums were added to an equal volume of a saturated solution of ammonium
sulfate and adjusted to pH 7A4. The sample was stirred slowly overnight at 4 C, and the
pellets were washed three times with 50% saturated ammonium sulfate, dissolved in one
fourth the original volume, and dialyzed exhaustively against several liters of 0.04 M phos-
phate buffer, pH 7.4. The dialyzed solution was applied to a column of DEAE cellulose 6.5
cm in diameter and 35 cm in height, equilibrated with the same buffer.'4"'5 Each of the
fractions eluted from the column with the phosphate buffer was tested for antibody activ-
ity, and the positive fractions were lyophilized and stored at -70 C until needed.

Purification of the Antibody
Approximately 10 mg of each type of collagen was dissolved in 10 ml of 0.1 M phos-

phate buffer, pH 7.4, and mixed with 100 mg of bovine serum albumin (Sigma, fraction V).
Three milliliters of 2.5% glutaraldehyde was added slowly with constant stirring, and the
sample was kept (without agitation) for 3 hours at room temperature.'6 The gel that
formed was homogenized in 0.1 M phosphate buffer, pH 7.4, in a loosely fitting glass Tef-
lon homogenizer, and the particles obtained were collected after centrifugation. The pel-
let was washed up to 10 times, each with 100 ml of PBS. After each wash, the sample was
collected by centrifugation. The pellet was resuspended in PBS, and a small column (0.5 x
5 cm) was prepared and washed with PBS. Aliquots of the antibody, 1 ml each, containing
1-5 mg protein were added to the column, allowed to enter the column, incubated for 2
hours at room temperature, and then eluted with PBS. The unbound antibodies were dia-
lyzed against water and lyophilized. They were dissolved in 1 ml PBS and applied to a sec-
ond collagen column. The specific antibodies that bound to the second collagen column
were eluted with 10 ml 0.25 M acetic acid, neutralized to pH 7.4, dialyzed against several
changes of distilled water, and lyophilized. For purification of anti-Type I collagen anti-
bodies, the IgG fraction was first passed through a Type III collagen column and the un-
bound antibody through a Type I collagen column."' The inverse procedure was used for
purification of anti-Type III collagen antibodies. For the B antibodies, the antiserum was
first passed through a Type III collagen column.



Vol. 98, No. 3 TYPE B COLLAGEN 593
March 1980

Immunofluorescent Staining
Normal and cirrhotic livers obtained at autopsy (12 cases) and surgical liver biopsy spec-

imens from 12 patients with various types of liver disease were rapidly frozen. Cryostat
sections 5 to 7 IL thick were mounted on prewashed glass slides and were air-dried. Indirect
immunofluorescence staining was carried out as follows:

Sections were incubated in a moist chamber in Petri dishes. The sections were covered
with monospecific antiserums to Types I, III, and B collagens with dilutions from 1:5 to
1:20 for 30-60 minutes.

Sections were rinsed in several changes of PBS, ph 7.4, for 10 minutes each.
Incubation of sections was carried out with anti-goat IgG globulin fluores-

ceinisothiocyanate(FITC)-conjugated rabbit-globulin (Cappel Laboratories, Cochranville,
Pa), diluted 1: 10 to 1: 20 for 60 minutes.

Sections were again rinsed in several changes of PBS, mounted in nonfluorescent me-
dium (Difco Laboratories, Detroit, Mich), and examined in a Zeiss fluorescence micro-
scope provided with either transmitted or incident illumination.

Controls were run as follows:
Frozen sections were rinsed in PBS for several minutes and mounted without any in-

cubation for the evaluation of collagen autofluorescence.
Non-immune whole goat serum was used to incubate liver sections and then treated

with FITC anti-goat rabbit globulin.
Immunized goat antiserums were absorbed with the specific antigen and used for the in-

cubation of sections proceeding afterwards in the regular way.
Sections were rinsed with PBS for several minutes and then incubated with FITC-la-

beled antigoat rabbit globulin.

Results

Antibodies raised against Type I and Type III human collagens were
species-specific. They did not react with rat, mouse, or dog collagens.
However, the anti-B antibody was not species-specific and reacted with
rat, mouse, and dog collagens. Although the antigen used contained 80% B
collagen and 20% A collagen, the antibody produced reacted only with B
collagen. None of the antibodies was tissue-specific. They displayed a pos-
itive reaction with homologous collagens extracted from skin, pancreas,
spleen, and kidney.

Frozen sections of human kidney obtained from autopsies or biopsies
served for differentiating the three collagen types investigated. Staining
for B collagen yielded a clear delineation of vascular basement mem-
branes (Figure 1), comparable to the staining given by the periodic acid-
Schiff (PAS) reaction. The peritubular basement membrane was also
clearly delineated. In liver sections, staining for the three collagens stud-
ied varied according to the particular area of the hepatic lobule and the
degree of pathologic changes.

In normal livers, the portal tracts stained strongly for the three colla-
gens, with no difference in the intensity of stain. Intralobularly, the sinu-
soids were stained for Types III and B collagens. Staining was comparable
in intensity for both types and resulted in clear, sharp delineation of the
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sinusoidal framework (Figures 2 and 3). Staining for B collagen gave a
slightly more delicate pattern than staining for Type III. Fibers extended
in between hepatocytes, producing a basket-like appearance (Figure 4).
When fibrotic areas were stained, the fibrous bands, which also penetrated
into the periphery of the hepatic lobules, were strongly reactive for all
three collagen types. Within the regenerative nodules, staining for Type I
collagen was negative. Staining for Type III and Type B collagens showed
a sharp delineation of sinusoids with patchy areas of thickening identical
to that seen with silver stains for reticulin (Figures 5-8). There was no
staining with Type I collagen antibodies.

Discussion

Morphologic identification and biochemical determination of Types I
and III collagens in normal and cirrhotic livers have been previously de-
scribed."'2"8 Recently, Rojkind et al 3 showed that an important fraction of
total hepatic collagen, almost one-third of the protein-bound hydroxy-
proline, corresponds to a polypeptide mixture with marked similarities to
basement membrane collagens. Two of the polypeptides resemble the
Types A and B extracted from human skin 10 and from placenta."

In this study utilizing an indirect immunofluorescent method, an anti-
body raised against B collagen was found to stain the sinusoidal aspect of
the hepatocytes. The reaction was uniform throughout normal hepatic
lobules or regenerating nodules in cirrhotic livers. The staining, in the
form of a delicate network, was similar to that obtained with the silver
methods for reticulin. This is the first demonstration of the localization in
the liver of collagen bearing the biochemical characteristics of Type B. In
fibrotic livers biochemical studies have shown that the three collagen
types accumulate in approximately equal proportions.3 However, after
reaching 20 mg of total collagen per gram of wet tissue (normal 5.5 + 1.6
mg/g), there is a continued rise of primarily Types I and B collagens, and
the proportion of Type III collagen decreases. This finding is reflected in
the staining'pattern of the intranodular collagen, where thickening at the
sinusoids is seen. Most probably this staining reflects a net gain in the de-
posit of Type B collagen. The concentration of 20 mg/g wet tissue ap-
pears to correspond to a stage when irreversible changes in the hepatic ar-
chitecture occur. Histologically, the thick bands of collagen in the portal
triads and fibrous septums or cirrhotic livers, which stain dark blue or
green in trichrome preparations and mahogany brown with silver impreg-
nation, react with antibody Types I, III, and B. Sinusoidal collagen, which
stains faintly in trichrome preparation and black with silver impregna-
tion, stains with antibody Types III or B.
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Staining of peritubular and glomerular basement membrane in the kid-
ney corresponds to the electron-dense continuous structure seen in elec-
tron microscopy. A similar correspondence is not seen in the liver, where
no distinct basement membrane is detectable at the sinusoid. The failure
to demonstrate such a structure in normal livers does not preclude its exis-
tence and may be due to a different molecular organization. Under abnor-
mal conditions such as cirrhosis or in fibrosis produced by hyper-
vitaminosis A, a basement membrane became apparent.9'20 Our studies,
coupled with the typing and quantification of collagens in advanced cir-
rhosis,3 suggest that an increase in Type B collagen occurs with the devel-
opment of intranodular fibrosis in the cirrhotic liver and may participate
in the development of portal hypertension.
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Figure 1-Normal kidney stained for collagen Type B. It shows delicate staining of the
basement membranes in the glomerulus and around the tubules. (x200)

Figure 2-Normal liver, small portal triad, stained for collagen Type Ill. It shows heavy stain
of the collagen of the portal space and the delicate sinusoidal framework of the adjacent
parenchyma. (x 1 00)

Figure 3-Normal liver centrolobular area, stained for collagen Type B. The strongly
stained reticulin framework shows projections in between hepatocytes and occasional bas-
ket-like appearance (arrow). (x260)



- -E I | W 5 _ S S
m... ;C 1..k.. 1,, ,:: ...::: -111 le:9 :T' l.. >;: .:,_ 11 m",7FS e$ ___i __rari <iT£ BEB: .,.,. xsjj ..5 !!Wi _,#.:S W5_|$?,t,,. : - l l | | .
llr EXz :.5s$sXisse _fl__ * a_..,5|_|_ | * l!w__d11. =r

|.'_1!! 1; AJ!I
;'sL_ -__ _ffz l- _CY _
i_. ..6___ I 6 _=W_;_1... t.Nfl1-_ _ 2 ¢ r n 5 _izi{. . w aE-F r s

l Ft
.. s3§w,.X..r._ w__ _ __ n s _ j_.i . §W _

i; x._Se:_:_its v.
_'._____ _:i$ ,,, \ ,fS

r. ws_ .Z.1_ j ,. . _C_
- X

__N
_E_]
_r. _E_:_>.,_

v-wv is____t!M. S _ -| _ B /-; | s .
'___^__

X s ___es_ _S

y3 _ Xpia. _ a_w
*_sw; SF _F _,=_sw_ ;_ _

-;
_P._. . m. >.|.B_;s tt___

&Xas _ ' <'4

'§
___F_;|ew<<._

r*;-|fifiisi w *_
__i__a___isk _ ^ _ _<.X5. ' e . i_; 3 '
F___
bX;aa_*|; s_ Y-t -___-Ejjj=, __% . jjjl w5' *t- = 3 4 -i r > .C r i _ Wir, _ n y



Figure 4-Normal liver, mid zone. Staining for collagen B shows delineation of sinusoidal
profiles. The bright spots are given by the strongly autofluorescent lipofuscin bodies.
(x 260)

Figure 5-Same case as Figure 4, normal liver, unfixed cryostat section stained for reticu-
lin. Delineation of reticulin framework along sinusoids shows a pattern comparable to the
fluorescence staining of Figures 3 and 4. Silver-positive granules correspond to lysosomes
(mostly lipofuscin bodies). (x260)

Figure 6-Cirrhotic liver. Staining for collagen B shows heavy fluorescence at the fibrotic
bands and irregularly delineated sinusoids in the regenerative nodules. (x1 00)

Figure 7-Same case as Figure 6 stained for reticulin. It shows heavy stain in fibrotic
bands. In the original preparation, thick collagen fibers show mahogany brown color inter-
mingled with thin reticulin fibers stained black. The intranodular reticulum also stains black.
(x1 00)
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