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57 ABSTRACT 

A type IV collagen high molecular form having a higher 
molecular weight than the 7S domain of type IV collagen 
and including the 7S domain in its structure, is obtained 
from the Supernatant being recovered from a collagen Solu 
tion digested by pepsin in the following Steps; 

1) Salt precipitating with Sodium chloride at a concentra 
tion no higher than 1.2 M, 

2) dissolving the precipitates, 
3) Salt precipitating with Sodium chloride at a concentra 

tion no higher than previous concentration. By reacting 
a sample with an antibody which reacts with this form, 
the type IV collagen high molecular form in the Sample 
can be measured to allow diagnosis of the degree of 
liver fibrosis in patients with liver diseases. 

14 Claims, 5 Drawing Sheets 
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TYPE IV COLLAGEN HIGH MOLECULAR 
FORMAND PRODUCTION AND 
DLAGNOSTIC USE THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to a type IV collagen high 

molecular form and to a proceSS for its production. The 
invention further relates to a method for measuring the type 
IV collagen high molecular form and to a method of 
diagnosing the degree of liver fibrosis based on that assay. 

2. Related Art 

It is well known that liver fibrosis occurs in patients with 
liver diseases, and is caused by the unbalance between 
Synthesis and degradation of type IV collagen in the liver, 
leading to exceSS Synthesis rather than degradation. A num 
ber of reports have been published on the usefulness of 
Serum type IV collagen determination as an indicator of liver 
fibrosis, and it is known that type IV collagen level in the 
Serum increases with progression of diseases from chronic 
hepatitis to liver cirrhosis (Japanese Unexamined Patent 
Publication No. 8-100000, Saito et al., Liver, Vol.37, No.6, 
p.304–311). This occurs because the major component of 
fibrotic regions in the liver is type IV collagen, and therefore 
serum levels of type IV collagen directly reflect the histo 
logical degree of liver fibrosis. 

Incidentally, the type IV collagen molecules in the blood 
are released into the blood during the progression of liver 
fibrosis, i.e. during the process of Synthesis and degradation 
of type IV collagen in the liver, and they are not uniform in 
terms of molecular species. This is because the Structure of 
type IV collagen is a network structure composed of the 
amino terminal 7S domain, the carboxyl terminal NC1 and 
NC2 regions and an intermediate triple helical region which 
come together in a helix form, and this structure is partially 
degradated by collagenase and released into the blood. 

According to reports by Murawaki et al. in J. Hepatology, 
Vol.24, p.148-154, 1996 and Clinica Chimica Acta, 212, 
p.73–78, (1992) (hereunder, “C.C.A”), when an assay is 
performed using an antibody which recognizes the 7S 
domain, primarily 2 major molecular Species are detected as 
type IV collagen in the blood: (1) a high molecular form 
containing the 7S domain and having a molecular weight 
higher than that of the 7S domain, and (2) the 7S domain 
itself. According to the same reports, when the assay is 
performed using an antibody which recognizes the 7S 
domain and an antibody which recognizes the triple helical 
region, a type IV collagen Smaller than both (1) and (2) is 
detected. These facts demonstrate that 3 kind of molecules 
which have different molecular weights exist as the type IV 
collagen molecules in Serum. 

Reports in C.C.A also indicate that these 3 molecular 
Species are present as type IV collagen in the blood of both 
healthy perSons and patients with liver disease. However, 
during the progression of diseases from chronic hepatitis to 
liver cirrhosis in patients, the Serum level of the high 
molecular form which contains the 7S domain and has a 
larger Size than that of 7S domain, is notably increased 
among the 3 molecular species of type IV collagen. This 
type IV collagen high molecular form is believed to be type 
IV collagen in almost complete form without any degrada 
tion by collagenase, and therefore increases or decreases in 
the amount of the high molecular form of type IV collagen 
in the blood are considered to be direct reflections of the 
increase or decrease in type IV collagen Synthesis, while the 
increase or decrease in the 7S domain or lower molecular 
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2 
Size type IV collagen in the blood are considered to reflect 
the increase or decrease in type IV collagen degradation 
from fibrotic liver. 

However, until now there have been no reports regarding 
Separation and purification of the high molecular form of 
type IV collagen. Even in the aforementioned reports by 
Murawaki et al., where the patient Serum is Separated by gel 
filtration and a commercially available type IV collagen 
assay kit is used to determine the reactivity of each fraction, 
it is merely indicated that antigenicity is also found in the 
fraction having a higher molecular weight than that of 7S 
domain. 

Although commercially available type IV collagen-assay 
kits exist which can show the reactivity with the type IV 
collagen high molecular form, they have high reactivity with 
the aforementioned 7S domain itself or for the smaller type 
IV collagen, whereas no kit has been available which allows 
Specific determination of only the type IV collagen high 
molecular form. Consequently, no assay method has existed 
which directly reflects the synthesis of type IV collagen in 
the liver. 

Incidentally, a monoclonal antibody (hereunder referred 
to as “monoclonal antibody 67”) which is produced by the 
hybridoma COLIV-67 (deposited at the National Institute of 
Bioscience and Human Technology on Sep. 27, 1994 as 
FERM P-14561, and transferred on Sep. 25, 1995 to a 
deposit in accordance with the Budapest Treaty, as FERM 
BP-5240) described in Japanese Unexamined Patent Publi 
cation No. 8-100000, has been shown to react specifically 
with the type IV collagen high molecular form, therefore it 
was assumed that the type IV collagen high molecular form 
was present in the immunogen for the monoclonal antibody 
67, but the type IV collagen high molecular form could not 
be consistently obtained by the purification method for the 
immunogen described in Japanese UneXamined Patent Pub 
lication No. 8-100000. 

SUMMARY OF INVENTION 

It has been demonstrated that the progression of liver 
fibrosis is caused by an unbalance of Synthesis and metabo 
lism of collagen, leading to excessive Synthesis of type IV 
collagen. Consequently, a more direct method for assessing 
the progression of liver fibrosis would be to measure Spe 
cifically the high molecular form of type IV collagen which 
increases markedly in the progression of liver disease and 
which directly reflects type IV collagen synthesis, without 
Simultaneously measuring the 7S domain or the lower 
molecular form type IV collagen, both of which are thought 
to be degradation products of type IV collagen. This would 
allow more Sensitive detection of accelerated Synthesis of 
type IV collagen in the initial Stages of liver fibrosis. 

It is an object of the present invention to provide a method 
for obtaining this type IV collagen high molecular form, to 
measure it in a Specific manner, and to provide a method 
whereby assay of the type IV collagen high molecular form 
is used for more Sensitive and detailed diagnosis of the 
Stages of liver fibrosis. 
The present inventors have arrived at the present inven 

tion as a result of diligent research on this Subject. 
Specifically, the invention relates to a type IV collagen high 
molecular form having the following properties: 

(a) having a molecular weight higher than that of the 7S 
domain of type IV collagen; 

(b) having the 7S domain in its structure; 
(c) being recovered from a collagen Solution digested by 

pepsin in the following Steps; 
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1) Salt precipitating with Sodium chloride at a concen 
tration no higher than 1.2 M, 

2) dissolving the precipitates, 
3) Salt precipitating with Sodium chloride at a concen 

tration no higher than previous concentration, and 
4) collecting the Supernatant. 

The invention further relates to a process for producing 
the type IV collagen high molecular form, comprising the 
Steps of: 

(1) Salt precipitating of a collagen Solution digested by 
pepsin with Sodium chloride at a concentration no 
higher than 1.2 M, 

(2) dissolving the precipitates, 
(3) Salt precipitating again with Sodium chloride at a 

concentration no higher than the previous Salt 
concentration, and then 

(4) collecting the Supernatant to obtain the type IV col 
lagen high molecular form. 

The invention still further relates to a method for mea 
Suring the type IV collagen high molecular form, comprising 
the Step of reacting an antibody Specific to the aforemen 
tioned type IV collagen high molecular form with the type 
IV collagen high molecular form in a Sample. 
The invention still further relates to a kit used for mea 

Suring the type IV collagen high molecular form, comprising 
an antibody Specific to the aforementioned type IV collagen 
high molecular form. 

The invention still further relates to a method for diag 
nosing the degree of liver fibrosis, using the aforementioned 
assay method. 
The invention still further relates to a method for mea 

Suring the type IV collagen high molecular form, comprising 
the Steps of: 

(a) measuring the value of type IV collagen high molecu 
lar form in a Sample, 

(b) measuring the value of type IV collagen high molecu 
lar form in a healthy perSon, and 

(c) determining the ratio between (a) and (b). 
The invention still further relates to a method for diag 

nosing the degree of liver fibrosis based on the ratio deter 
mined in this manner. The invention will now be explained 
in more detail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing a calibration curve for the assay 
System according to the invention, as obtained in Example 
3. 

FIG. 2 is a graph showing the reactivity of the assay 
System of the invention for different antigens, as obtained in 
Example 4. 

FIG.3 is a graph showing the reactivity of the commercial 
kit (A) for different antigens, as obtained in Example 4. 

FIG. 4 is a graph showing the reactivities of the assay 
System of the invention and the commercial kits (A) and (B) 
for each fractions Separated by gel filtration, as obtained in 
Example 5. 

FIG. 5 is a graph showing the ROC curve obtained in 
Example 6. 

DETAILED DESCRIPTION 

The type IV collagen high molecular form of the inven 
tion has a molecular weight higher than that of the 7S 
domain of type IV collagen. This was confirmed by gel 
filtration in which the type IV collagen high molecular form 
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4 
was always eluted out prior to the type IV collagen 7S 
domain. Also, the presence of the 7S domain in the Structure 
was confirmed by its reactivity with a commercially avail 
able type IV collagen 7S domain kit (Type IV Collagen/7S 
Kit, product of Nihon DPC Corporation; hereunder referred 
to as “kit (A)") (Type IV Collagen/7S Kit User's Manual, 
Nihon DPC Corporation; Yamada et al., Clin. Biochem. 
Vol.25, p.467-470, 1992; Risteli et al., Eur. J. Biochem. Vol. 
108, p.239-250, 1980). 
The type IV collagen high molecular form of the inven 

tion is recovered from a collagen Solution digested by pepsin 
in the following Steps; 

1) Salt precipitating with Sodium chloride at a concentra 
tion no higher than 1.2 M, 

2) dissolving the precipitates, 
3) Salt precipitating with Sodium chloride at a concentra 

tion no higher than previous concentration, and 
4) collecting the Supernatant. 
There are no particular restrictions on the collagen Solu 

tion Solubilized by pepsin digestion used for the invention, 
and it may be prepared by a conventional method. For 
example, it may be obtained according to the method of 
Sage et al. (J. Biol. Chem. Vol.254, No.19, p.9893-9900, 
1979). The collagen solution may also be appropriately 
purified, if necessary, prior to Salt precipitation with the 
is 1.2 M sodium chloride. The precipitation with the s 1.2 M 
Sodium chloride is carried out preferably with 0.5-1.0 M, 
and more preferably with 0.6-0.8 M sodium chloride. After 
dissolving the precipitate, the Solution Sodium chloride 
concentration was increased up to a concentration no higher 
than the previous Salt concentration, and the Supernatant is 
recovered. There are no particular restrictions on the method 
of obtaining the type IV collagen high molecular form from 
the recovered Supernatant, and if necessary, it may be 
accomplished by appropriate Salt precipitation, dissolution, 
dialysis, column chromatography (DEAE-Sepharose, gel 
filtration, etc.) and similar purification methods. A particu 
larly preferred method of purifying the type IV collagen high 
molecular form is to obtain the fraction which elutes out 
prior to the 7S domain by gel filtration. 
Most conventional type IV collagen purifications are 

carried out according to the aforementioned method of Sage 
et al., whereby a collagen Solution Solubilized by pepsin 
digestion is precipitated with 0.7 M Sodium chloride and the 
Supernatant is recovered instead of the precipitate, unlike the 
present invention. According to the invention, however, a 
collagen Solution Solubilized by pepsin digestion is precipi 
tated with Sodium chloride at a concentration no higher than 
1.2 M and the resulting precipitate is recovered, making it 
possible to obtain type IV collagen of higher molecular 
weight retaining virtually its complete Structure. According 
to the invention, the precipitation is then repeated with 
Sodium chloride at a concentration lower than the previous 
Salt concentration and the Supernatant containing the type IV 
collagen high molecular form is recovered. 
The method of measuring the type IV collagen high 

molecular form according to the invention is characterized 
by reacting an antibody Specific to the type IV collagen high 
molecular form with the type IV collagen high molecular 
form in a Sample. 
The antibody used here is not particularly restricted So 

long as it reacts Specifically with the type IV collagen high 
molecular form, and it may be either a monoclonal antibody 
or polyclonal antibody. The method of preparing the anti 
body is also not restricted, and it may be prepared using the 
type IV collagen high molecular form as the immunogen, or 
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using a genetic engineering method. Monoclonal antibody 
67 is an example of a monoclonal antibody which reacts 
Specifically with the type IV collagen high molecular form. 
AS mentioned above, this monoclonal antibody is produced 
by the hybridoma COL IV-67 (deposited at the National 
Institute of Bioscience and Human Technology on Sep. 27, 
1994 as FERMP-14561, and transferred on Sep. 25, 1995 to 
a deposit in accordance with the Budapest Treaty, as FERM 
BP-5240). 

There are no particular restrictions on the method of 
reacting the antibody Specific for the type IV collagen high 
molecular form with the type IV collagen high molecular 
form in a Sample, and any known immune reaction System 
may be employed. Examples include the Sandwich assay 
method and the competitive assay method, and a specific 
example is a Sandwich assay System using the monoclonal 
antibody 67 described in Japanese Unexamined Patent Pub 
lication No. 8-100000 and a polyclonal antibody for type IV 
collagen. 

The reagent used for the assay method of the invention 
may be in a form of kit. Such a kit contains as a reagent an 
antibody Specific for the type IV collagen high molecular 
form, and the assay can be accomplished by reacting it with 
the type IV collagen high molecular form in a Sample. 

According to the invention it is possible to diagnose the 
degree of liver fibrosis of patients by reacting the antibody 
Specific to the type IV collagen high molecular form with the 
type IV collagen high molecular form in a Sample to detect 
the type IV collagen high molecular form. It has been 
demonstrated that the cause of Such liver fibrosis is an 
unbalance of Synthesis and metabolism of collagen, leading 
to excessive Synthesis of type IV collagen. Thus, for a more 
direct observation of the progression of liver fibrosis, it is 
important to measure the type IV collagen high molecular 
form which is believed to directly reflect collagen synthesis 
and which increases markedly in liver cirrhosis, rather than 
measuring the 7S domain or lower molecular weight type IV 
collagen, which are considered to be degradation products of 
type IV collagen. 

Currently, the New Inuyama Classification is used to 
indicate degrees of liver fibrosis (Progress in Hepatitis C 
Research: Mutations in the Hepatitis Virus, A Reexamina 
tion of the Inuyama Classification; edited by the Inuyama 
Symposium Records Publication Committee, Chugai 
Medical, 1996, p.183-188), which establishes the categories 
of FO: no fibrosis, F1: fibrous portal expansion, F2: bridging 
fibrosis (portal-portal or portal-central linkage), F3: bridging 
fibrosis with lobular distortion and F4: liver cirrhosis. It has 
been found that when the type IV collagen high molecular 
form is measured in the Serum from patients with the Stages 
described above, levels of type IV collagen increased in 
proportion to the Severity of fibrosis, i.e. with progressing of 
liver fibrosis. Consequently, an assay of the type IV collagen 
high molecular form in blood according to the invention 
allows both discrimination and diagnosis of the degree of 
liver fibrosis. 

The invention is also a method for measuring the type IV 
collagen high molecular form in a Sample, comprising the 
Steps of: 

(a) measuring the value of type IV collagen high molecu 
lar form in the Sample, 

(b) measuring the value of type IV collagen high molecu 
lar form in a healthy perSon, and 

(c) determining the ratio between (a) and (b). 
There are no particular restrictions on the assay method for 
the type IV collagen high molecular form used, but an assay 
Specific to the type IV collagen high molecular form is 
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6 
preferred, and an assay using an antibody Specific for the 
type IV collagen high molecular form as according to the 
invention is even more preferred. 
By determining the ratio between (a) and (b) it is possible 

to clarify the degree of liver fibrosis. For example, the value 
of (a)/(b) was correlated with increases in the grades through 
the aforementioned New Inuyama Classification, i.e. with 
progressing liver fibrosis. AS mentioned above, 3 kinds of 
molecules are known as type IV collagen. AS compared with 
measuring all of the molecular Species of type IV collagen 
and taking the ratio of type IV collagen of a healthy perSon 
to the type IV collagen in the Sample, a greater increase of 
the ratio will be obtained in proportion to the severity of 
liver fibrosis by using the type IV collagen high molecular 
form and determinating the ratio (a)/(b). By thus determin 
ing the value of (a)/(b) it is possible to make better decisions 
and diagnoses regarding the degree of fibrosis in liver. 
According to the invention, it is possible to obtain the type 

IV collagen high molecular form which is considered to 
directly reflect the synthesis of type IV collagen in the liver, 
and to be more similar to the form that exist in the body. It 
is generally believed that in the initial Stage of generation of 
liver fibrosis, the increase in collagen Synthesis occurs first, 
prior to the increase in its degradation, and therefore the 
assay method of the invention makes it possible to detect the 
initial increase in collagen Synthesis which allows us to 
begin the therapy earlier and with greater effect. In 
particular, interferon therapy is effective for chronic hepa 
titis but it is ineffective if the disease has progressed to liver 
cirrhosis. In addition, interferon therapy is more effective for 
earlier grades of liver fibrosis (Japanese Unexamined Patent 
Publication No. 8-334513). Thus, it is important to discover 
fibrosis in its early stage, and the assay System of the 
invention is effective for detecting early-stage fibrosis. In 
interferon therapy, the decision to allow the use of interferon 
lies generally between F2 and F3 of the New Inuyama 
Classification, and therefore it is important to use an assay 
method which can distinguish between F2 and F3 in 
particular, as according to the invention. The assay System of 
the invention can also be prepared as a kit. 

Moreover, the invention is effective not only for detection 
of collagen Synthesis but also for monitoring of the thera 
peutic effects by interferon and the like. That is, while 
obtained values become high in conventional assay methods 
even if the amount of collagen degradation has increased 
after the first treatment, according to the method of the 
invention which can detect collagen Synthesis, it is believed 
that the determined value will decrease from the point at 
which the therapy begins, so that it will be possible to 
prevent unnecessary therapy and exceSS medicine. 

EXAMPLES 

The present invention will now be explained by way of 
examples. The invention is not, however, intended to be 
limited in any way by these examples. The monoclonal 
antibody 67 and the polyclonal antibody for type IV collagen 
used in the following examples are those described in 
Japanese Unexamined Patent Publication No. 8-100000. 

Example 1 
Preparation of Human Type IV Collagen Antigen 
Using commercially available kits (products of Abbott 

Co.), 21 human full-term placentas (lyophilized) which had 
been confirmed to be HBV, HCV and HIV-1/2 negative were 
thawed, and after removal of the blood components by 
centrifugation, they were homogenized with a meat grinder 
to prepare a raw material with a wet weight of 6,500 g. This 
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was suspended in a 4-fold volume (W/V) of a 10 mM 
Tris-HCl buffer, pH 7.5, 10 mM EDTA-3Na, and the sus 
pension was stirred for 20 hours at 4 C. Next, the suspen 
sion was centrifuged 4200 rpm for 20 minutes at 4 C., using 
Beckman JS-4.2 rotor and the precipitate was collected. A 10 
mM Tris-HCl buffer, pH 7.5, 10 mM EDTA-3Na was then 
used for Washing the precipitate, which was repeated 3 
times. Next, washing with a 4-fold volume (W/V) of a 50 
mM Tris-HCl buffer, pH 7.5, 1.0 M NaCl, 10 mM EDTA 
3Na and 0.5 M acetic acid was repeated 4 times each in the 
Same manner, to obtain 13 Kg of washed material. 

After suspending 1200 g of the washed material in 0.5 M 
acetic acid and adjusting the Volume to 4,500 ml, 6 g of 
pepsin (product of Sigma Co.) was added and the reaction 
mixture was stirred for 120 hours at 4 C. for pepsin 
digestion. After centrifugation of the digested material, 
15,000xG for 2 hours, at 4 C., 0.5 M acetic acid was added 
to the resulting Supernatant to adjust back to 4,500 ml, the 
solution was stirred while adding 526 g of sodium chloride 
thereto, and the Sodium chloride concentration was adjusted 
to 2.0 M, after which the mixture was further stirred for 20 
hours at 4 C. to precipitate the Solubilized collagen fraction. 
The suspension was centrifuged at 15,000xG, 2 hours, 4 C. 
to obtain a precipitate which was then suspended in 0.5 M 
acetic acid and dissolved while stirring for 20 hours at 4 C. 
This was centrifuged for 2 hours, at 4 C., 15,000xG and the 
protein concentration of the resulting Supernatant was 
adjusted to 2.0 mg/ml with 0.5 M acetic acid. The protein 
concentration was determined by the Lowry method with a 
BSA standard (product of Biorad Co.) as reference. 
Sodium chloride was added to the above-mentioned solu 

bilized collagen Solution while Stirring to a final concentra 
tion of 0.7M, and stirring was continued for 20 hours at 4 
C. According to the aforementioned report by Sage et al. the 
type IV collagen is recovered in the Supernatant at this point, 
but in order to obtain the more completed form of type IV 
collagen which is present in the body, the precipitate 
obtained by centrifugation at 15,000xG, 2 hours, 4 C. was 
recovered, again Suspended in 0.5 M acetic acid, dissolved 
by stirring for 20 hours at 4 C. and then centrifuged under 
the same conditions as above to obtain a Supernatant. After 
adjusting the protein concentration of the Supernatant to 2.0 
mg/ml with 0.5 M acetic acid, Sodium chloride was again 
added to a final concentration of 0.7 M with stirring, and 
after further stirring for 20 hours at 4 C., the Supernatant 
was obtained by centrifugation in the same manner. Sodium 
chloride was again added to the Supernatant to a final 
concentration of 1.8 M and stirring was continued for 20 
hours at 4 C. 

The precipitate obtained by centrifuging 15,000xG for 2 
hours at 4 C., was suspended in a 50 mM Tris-HCl buffer, 
pH 7.5 containing 1.0 M NaCl, and after adjusting the pH to 
7.0 with 1.0 M NaOH and stirring for 2 hours at 4° C. for 
dissolution, it was dialyzed overnight at 4 C. against a 50 
mM Tris-HCl buffer, pH 7.5, containing 1.0 M NaCl. The 
dialysate was centrifuged, 100,000xG for 30 minutes at 4 
C. to obtain a Supernatant, and after adjusting the protein 
concentration to 2.0 mg/ml with a 50 mM Tris-HCl buffer, 
pH 7.5, containing 1.0 M NaCl, sodium chloride was added 
to a final concentration of 2.0 M with Stirring, and Stirring 
was continued for 20 hours at 4 C. and followed by 
centrifugation under the same conditions as before to obtain 
a precipitate. 
The precipitate was dissolved in 0.1 M acetic acid, and 

after dialysis overnight at 4 C. against 0.1 M acetic acid, the 
solution was centrifuged 100,000xG for 30 minutes at 4 C. 
After adjusting the protein concentration of the resulting 
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8 
Supernatant to 1.0 mg/ml with 0.1 M acetic acid, Sodium 
chloride was added to a final concentration of 0.2 M with 
Stirring and stirring was continued for 20 hours at 4 C., after 
which the mixture was centrifuged 100,000xG for 30 min 
utes at 4 C., to obtain a Supernatant, Sodium chloride was 
added to a final concentration of 0.7 M, with stirring was 
continued for 20 hours at 4 C., and then the precipitate 
obtained from centrifugation in the same manner was again 
suspended in a 50 mM Tris-HCl buffer, pH 7.5, 1.0 M NaCl. 

After adjusting the pH to 7.0 with 1.0 M NaOH and 
stirring for 2 hours at 4 C. for dissolution, the solution was 
dialyzed overnight at 4 C. against a 50 mM Tris-HCl buffer 
pH 7.5, 1.0 M NaCl. The Supernatant obtained by centrifu 
gation from this dialysate, 100,000xG for 30 minutes at 4 
C. was adjusted to a protein concentration of 1.0 mg/ml with 
a 50 mM Tris-HCl buffer, pH 7.5, 1.0 M NaCl, after which 
Sodium chloride was added to a final concentration of 1.3 M 
with Stirring, and stirring was continued for 20 hours at 4 
C. Sodium chloride was added to the Supernatant obtained 
from centrifugation, to a final concentration of 2.0 M with 
stirring, and after further stirring for 20 hours at 4 C., the 
precipitate obtained by centrifugation in the Same manner 
was dissolved in 10 mM acetic acid, and then the dialysate 
from overnight dialysis against 10 mM acetic acid at 4 C. 
was centrifuged for 30 minutes at 100,000xG, 4 C. 

After adjusting the protein concentration of the resulting 
Supernatant to 1.0 mg/ml with 10 mM acetic acid, it was 
dialyzed for 20 hours against a 50 mM Tris-HCl buffer, pH 
8.6, 20 mM NaCl, 2.0 M urea at 4 C., and the Supernatant 
obtained by centrifugation of the dialyzed solution 100, 
000xG for 30 minutes at 4 C., was dialyzed for 20 hours at 
4 C. against a 5 mM Tris-HCl buffer pH 7.5, containing 2.0 
M urea. The Supernatant obtained by centrifugation of the 
dialyzed solution 100,000xG for 30 minutes at 4 C., was 
applied to DEAE-Sepharose column which had been equi 
librized with a 5 mM Tris-HCl buffer, pH 7.5, containing 2.0 
Murea, and after washing a 3 column-volume of the same 
buffer, it was eluted with the equilibrized buffer containing 
150 mM NaCl. The absorbance at 230 nm was measured, in 
each fraction and the eluates corresponding to the peaks 
were pooled. Pooled material was dialyzed against 10 mM 
acetic acid and was followed by centrifugation 100,000xG 
for 30 minutes at 4 C., to obtain human type IV collagen 
(150 mg) containing the type IV collagen high molecular 
form in the Supernatant. 

Example 2 
Purification of Human Type IV Collagen High Molecular 
Form 
The type IV collagen obtained by the method described 

above was Subjected to molecular weight fractionation to 
obtain the type IV collagen high molecular form. 

After dialysis of 25 mg of the human type IV collagen 
obtained in Example 1 against 0.1 M acetic acid, Sodium 
chloride was added to a final concentration of 4.5M, and the 
precipitation was performed by Stirring overnight at 4 C. 
The suspension was centrifuged for 30 minutes at 4 C., 
100,000xG. After dissolving the precipitate in a 50 mM 
Tris-HCl buffer, pH 7.5, containing 1.0 M CaCl followed 
by overnight dialysis against a 50 mM Tris-HCl buffer, pH 
7.5, containing 1.0 M CaCl at 25 C., heat treatment was 
carried out for 30 minutes at 45 C. The heat treated Solution 
was centrifuged for 30 minutes at 25 C., 100,000xG, and 
the resulting Supernatant was applied to a Superose 6 
column which had been equilibrized with a 50 mM Tris-HCl 
buffer, pH 7.5, containing 1.0 M CaCl, for gel filtration at 
room temperature. The fractions which were eluted out in 
the void volume (up to the front of the initial peak) were 
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pooled, and after dialysis using 10 mM acetic acid, was 
centrifuged for 30 minutes at 4 C., 100,000xG, and then 
was collected as a human type IV collagen high molecular 
form (3 mg). 

Example 3 
Construction of Assay System for Type IV Collagen High 
Molecular Form 

Monoclonal antibody 67 was used to construct an assay 
System for the present invention, in the manner of Example 
4 of Japanese Unexamined Patent Publication No. 8-100000. 
Briefly, a Sandwich assay System was constructed using 
polystyrene beads as the Solid phase, alkaline phosphatase as 
the labeling Substance, monoclonal antibody 67 as the Solid 
phase antibody and anti-type IV collagen polyclonal anti 
body as the labeled antibody. FIG. 1 shows the calibration 
curve obtained by measurement of the type IV collagen high 
molecular form at different concentrations prepared accord 
ing to Example 2 in this assay System. FIG. 1 showed that 
this assay System was confirmed to be a type IV collagen 
high molecular form assay System. 

Example 4 
Evaluation of Reactivities for 7S Domain and Type IV 
Collagen High Molecular Form by the Assay System of the 
Invention and a Commercial Kit (A) 

The monoclonal antibody 67 was immobilized on a plate, 
and to each well there was added either the authentic 7S 
domain (calibrator of commercial kit (A)) or the type IV 
collagen high molecular form obtained in Example 2 at 
different concentrations for antigen-antibody reaction, and 
after washing, HRP-labeled rabbit anti-type IV collagen 
polyclonal antibody was added, the amount of HRP bound 
onto the well was quantified to examine the differences of 
antigens in reactivity were examined. The results are shown 
in FIG. 2. In this graph, the Vertical axis indicates absor 
bance and the horizontal axis indicates the antigen concen 
tration. The Solid circles represent the type IV collagen high 
molecular form, and the triangles represent the 7S domain. 
These results demonstrated that the assay System of the 
invention reveals higher reactivity toward the type IV col 
lagen high molecular form than toward the 7S domain, thus 
allowing more Specific detection of the type IV collagen 
high molecular form. FIG. 3 shows the results of reactions 
using the same antigen in the commercial kit (A). Here as 
well, the Solid circles represent the type IV collagen high 
molecular form, and the triangles represent the 7S domain. 
The vertical axis indicates B/B0, which is the ratio between 
the radioactive count in the bound product of the antigen 
antibody reaction when antigen was added, to the radioac 
tive count in the bound product without antigen. AS clearly 
shown in FIG. 3, the type IV collagen high molecular form 
and the 7S domain exhibited almost equivalent reactivity in 
the commercial kit (A). 

Example 5 
Reactivity for Fraction Separated by Gel Filtration Chroma 
tography of Human Serum 
A Serum from a patient with liver cirrhosis was centri 

fuged for 10 minutes at 20° C., 15000 rpm, and a 0.2 ml 
portion of the Supernatant was Separated at room tempera 
ture using Superose 6 HR10/30 which had been equilibrized 
with a 100 mM Tris-HCl buffer, pH 7.5, containing 150 mM 
NaCl, and a comparison was made in terms of reactivity 
with the assay System of the invention according to Example 
4, commercial kit (A) and another commercial type IV 
collagen assay kit (Panassay IV-C, Daiichi Chemicals, here 
under referred to as “commercial kit (B)”). The results are 
shown in FIG. 4. In this graph, the Squares represent the 
absorbance at 280 nm, the Solid circles represent the results 
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10 
using the assay System of the invention, the outlined circles 
represent the results using kit (A) and the triangles represent 
kit (B). 
As shown in FIG. 4, both the type IV collagen high 

molecular form and the 7S domain (molecular weight 23 K) 
are detected with the commercial kit (A), as described in the 
aforementioned report by Murawaki et al., and antigenicity 
related to 7S collagen appeared in 2 peaks. It was found that 
the commercial kit (B) recognizes only Smaller molecules 
than 7S domain. In contrast, the present assay System 
achieves Specific detection for the type IV collagen high 
molecular form which has a larger molecular weight than 
that of 7S domain, and the position of this peak was 
coincided with the peaks of the commercial kit (A). Since 
this peak of the type IV collagen high molecular form 
reflects the amount of type IV collagen Synthesized in the 
liver, the assay method of the invention which specifically 
detects the type IV collagen high molecular form can be 
considered to be an assay System which more accurately 
reflects the generation of type IV collagen. 

Example 6 
Clinical Study Using the Assay System of the Invention 
which Specifically Detects the Type IV Collagen High 
Molecular Form 
The assay System of the invention according to Example 

3 was used for measurement of the type IV collagen high 
molecular form using Serum obtained from patients with 
liver diseases, and the results were compared with the degree 
of liver fibrosis according to histological diagnosis by liver 
biopsy. A total of 164 Subjects were classified according to 
the New Inuyama Classification indicating the degree of 
liver fibrosis as follows: FO+F1: 47 cases, F2: 43 cases, F3: 
27 cases, F4: 47 cases. The mean values and Standard 
deviations for these groups are listed in Table 1. 

TABLE 1. 

Mean Standard 
No. of concentration deviation 

Classification CaSCS (ng/ml) (ng/ml) 

FO & F1 47 10.34 5.317 
F2 43 12.99 5.053 
F3 27 20.38 8.692 
F4 47 39.55 24.518 

Table 1 shows that the assay values for the type IV 
collagen high molecular form according to the present 
invention increase with the progression of liver fibrosis, i.e. 
from FO+F1 to F4. The Fisher analysis was also used to 
assess whether a Statistical significant difference existed 
between the groups. The results are shown in Table 2. 

TABLE 2 

Significance level of 5% 

Refer- Com- Difference 
eCe. parison in mean Ignored Significant 

groups groups values value p value difference 

FO & F1 F2 -2.648 5.893 O.3762 O 
FO & F1 F3 -10.043 6.743 O.OO38 yes 
FO & F1 F4 -29.2O7 5.760 &O.OOO1 yes 

F2 F3 -7.395 6.857 O.O347 yes 
F2 F4 -26.559 5.893 &O.OOO1 yes 
F3 F4 -19.164 6.743 &O.OOO1 yes 

Table 2 shows that while no significant difference was 
found between FO+F1 and F2, significant differences were 
found between the other groups, i.e. between F0+F1 and F3, 
between FO+F1 and F4, between F2 and F3, between F2 and 



6,060,255 
11 

F4 and between F3 and F4. Thus, the assay system of the 
present invention allows distinction to be made between 
these groups, So that the degree of liver fibrosis can be 
diagnosed. In particular, the assay System of the present 
invention makes it possible for the first time to distinguish 
between F2 and F3, which cannot be distinguished accord 
ing to conventional assay methods. 

With an ROC curve for F3 and F4 (corresponding to the 
conventional distinction between chronic active hepatitis 
and liver cirrhosis), Serum high molecular form type IV 
collagen concentration was 82.1% specific and 80.9% sen 
sitive at the cutoff value of 19 ng/ml as shown in FIG. 5, 
indicating equivalent performance as compared to the values 
with kit (A) described in the aforementioned report by 
Murawaki et al. (specificity: 88%, sensitivity: 83%, cutoff 9 
ng/ml). 

Example 7 
Clinical Study Using the Assay System of this Invention (2) 
Serum was collected from patients with liver diseases and 

measured using the method according to Example 3 of the 
present invention or using the commercial kit (A). A total of 
199 Subjects were classified according to the New Inuyama 
Classification indicating the degree of liver fibrosis as fol 
lows: Healthy: 33 cases, FO+F1: 47 cases, F2: 43 cases, F3: 
29 cases, F4: 47 cases. The mean values and standard 
deviations for these groups are listed in Table 3. 

TABLE 3 

Assay values 
Assay values according 

according to the to commercial 
present invention kit (A 

Mean Mean 
Classi- No. of value Standard value Standard 
fication CaSeS (ng/ml) deviation (ng/ml) deviation 

Healthy 33 5.79 1.48 4.03 0.59 
FO - F1 47 10.54 5.27 4.78 1.59 

F2 43 12.99 5.05 5.24 1.49 
F3 29 2008 8.45 6.60 1.62 
F4 47 40.13 24.12 11.81 5.17 

As shown in Table 3, the mean values with the assay 
method of the present invention indicated a greater increase 
in assay values in proportion to the degree of liver fibrosis 
compared to those with commercial kit (A). This is believed 
to be due to the more specific detection of the type IV 
collagen high molecular form by the method of the present 
invention than by the commercial kit (A). 

The results in Table 3 were used as the basis for a 
Statistical t test to assess whether Significant differences 
existed in the values of the different groups. Table 4 shows 
the results for the invention, and Table 5 shows the results 
for the commercial kit (A). 

TABLE 4 

Significance level of 5% 

Differ 
Refer- Com- ence in t limit 
CCC. parison mean value Significant 
groups groups values t value (both ends) p value difference 

Healthy FO + F1 -4.88 -6.088 2006 &O.OOO1 yes 
Healthy F2 -7.33 -9.122 2010 &O.OOO1 yes 
Healthy F3 -14.42 -9.091 2.045 &O.OOO1 yes 
Healthy F4 -34.47 -9.776 2013 &O.OOO1 yes 
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TABLE 4-continued 

Significance level of 5% 

12 

Differ 
Refer- Com- ence in t limit 
eCe. parison mean value Significant 
groups groups values t value (both ends) p value difference 

FO - F1 F2 -2.65 -1.807 1.988 O.O74 O 
FO - F1 F3 -9.54 -6.070 1993 &OOOO1 yes 
FO - F1 F4 -29.59 -8.216 1986 &OOOO1 yes 
F2 F3 -7.64 -4.902 1995 &OOOO1 yes 
F2 F4 -27.69 - 7.237 1.988 &OOOO1 yes 
F3 F4 -20.05 -4.306 1993 &OOOO1 yes 

TABLE 5 

Significance level of 5% 

Differ 
Refer- Com- ence in t limit 
eCe. parison mean value Significant 
groups groups values t value (both ends) p value difference 

Healthy FO + F1 -0.80 -3.181 2.OO2 OOO24 yes 
Healthy F2 -1.26 -5.156 2004 &OOOO1 yes 
Healthy F3 -2.62 -8.048 2.042 &OOOO1 yes 
Healthy F4 -7.84 -9.649 2O2O &OOOO1 yes 
FO - F1 F2 -0.46 -1.405 1.988 O.164 O 
FO - F1 F3 -1.82 -4.657 2005 &OOOO1 yes 
FO - F1 F4 -7.04 -8.786 1.988 &OOOO1 yes 
F2 F3 -1.36 -3.523 2.007 O.OOO9 yes 
F2 F4 -6.63 -7.892 1990 &OOOO1 yes 
F3 F4 -5.22 -5.072 1997 &OOOO1 yes 

The analysis of the t test showed significant differences 
exist in the results obtained by both the present invention 
and the commercial kit (A) for all tests except the test 
between the FO+F1 group and the F2 group. For the analysis 
between the FO+F1 group and the F2 group, when the p 
values for the present invention and the commercial kit (A) 
were compared, the assay of the present invention gave a 
markedly lower p value, indicating that the assay of the 
present invention more precisely reflects the difference in 
histological conditions between the FO+F1 group and the F2 
group. For distinction between the F2 group and F3 group as 
well, the p value was less than 0.0001 for the present 
invention but 0.0009 for the commercial kit (A), indicating 
that the present invention more precisely reflects the differ 
ence in histological conditions between the F2 group and F3 
group. From these results it is obvious that measurement of 
the type IV collagen high molecular form according to the 
present invention reflects the degree of progression of liver 
fibrosis more accurately than the commercial kit (A), and 
can therefore give a better indicator for assessing the pro 
gression of liver fibrosis without biopsy. 

Example 8 
Clinical Study Using the Assay System of this Invention (3) 
The values in Table 3 of Example 7 were used as the basis 

for determining the ratios (a)/(b) for (a): the type IV collagen 
high molecular form in Samples of each group and (b): the 
type IV collagen high molecular form of the healthy person, 
according to the assay method of the present invention. The 
ratios (a")/(b") for (a"): the values for each group and (b'): the 
value for the healthy person using the commercial kit (A) 
were also determined. The results are shown in Table 6. 
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TABLE 6 

Ratio to assay value for healthy person 

Classification Present invention Commercial kit (A) 

Healthy 1.OO 1.OO 
FO - F1 1.82 1.19 

F2 2.24 1.30 
F3 3.47 1.64 
F4 6.93 2.93 

As clearly seen from Table 6, the ratios (a)/(b) for the 
present invention showed higher increases in value in pro 
portion to the degree of liver fibrosis, as compared to the 
ratios (a)/(b') determined with the commercial kit (A), thus 
better reflecting the progression of liver fibrosis. 
Consequently, distinction and diagnosis of degrees of liver 
fibrosis can be more clearly provided in early Stages by 
determining the ratio (a)/(b) according to the present inven 
tion. Presumably this is because the assay according to the 
present invention Specifically detects the type IV collagen 
high molecular form while the assay with the commercial kit 
(A) detects both the type IV collagen high molecular form 
and the 7S domain, as shown in Examples 4 and 5. It is 
therefore Seen that it is important to determine the ratio 
based on the method which can Specifically detect the type 
IV collagen high molecular form. 
What is claimed is: 
1. A type IV collagen high molecular form having the 

following properties: 
(a) having a molecular weight higher than that of the 7S 

domain of type IV collagen; 
(b) having the 7S domain in its structure; 
(c) being recovered from a collagen Solution digested by 

pepsin in the following Steps: 
(1) Salt precipitating Said Solution with Sodium chloride 

at a concentration of at least 2 M, thereby forming a 
Supernatant and a precipitate, 

(2) dissolving the precipitate obtained from Step (1), to 
form a Second Solution, 

(3) Salt precipitating said Second Solution with Sodium 
chloride at a concentration no higher than 1.2 M, 
thereby forming a Supernatant and a precipitate, 

(4) dissolving the precipitate obtained from Step (3), to 
form a third Solution, 

(5) salt precipitating said third Solution with Sodium 
chloride at a concentration no higher than that used 
in Step (3), thereby forming a Supernatant and a 
precipitate, and 

(6) collecting the Supernatant of Step (5). 
2. The type IV collagen high molecular form of claim 1, 

wherein the type IV collagen high molecular form is able to 
be specifically bound by a monoclonal antibody produced by 
the hybridoma COL IV-67 (FERM BP-5240). 

3. A process for producing a type IV collagen high 
molecular form, comprising the Steps of: 

(1) Salt precipitating said Solution with Sodium chloride at 
a concentration of at least 2 M, thereby forming a 
Supernatant and a precipitate, 

(2) dissolving the precipitate obtained from Step (1), to 
form a Second Solution, 
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(3) Salt precipitating said Second Solution with Sodium 

chloride at a concentration no higher than 1.2 M, 
thereby forming a Supernatant and a precipitate, 

(4) dissolving the precipitate obtained from Step (3), to 
form a third solution, 

(5) Salt precipitating said third Solution with Sodium 
chloride at a concentration no higher than that used in 
Step (3), thereby forming a Supernatant and a 
precipitate, and 

(6) collecting the Supernatant of Step (5). 
4. The process of claim 3, wherein the type IV collagen 

high molecular form is able to be specifically bound by a 
monoclonal antibody produced by the hybridoma COL 
IV-67 (FERM BP-5240). 

5. A method for measuring the concentration of a type IV 
collagen high molecular form, comprising the Step of react 
ing an antibody that specifically binds the type IV collagen 
high molecular form of claim 1 with type IV collagen high 
molecular form in a Sample. 

6. The method of claim 5, wherein said antibody is a 
monoclonal antibody produced by the hybridoma COL 
IV-67 (FERM BP-5240). 

7. A kit used for measuring a type IV collagen high 
molecular form, comprising an antibody that Specifically 
binds to the type IV collagen high molecular form of claim 
1. 

8. The kit of claim 7, wherein said antibody that specifi 
cally binds to the type IV collagen high molecular form is a 
monoclonal antibody produced by the hybridoma COL 
IV-67 (FERM BP-5240). 

9. A method for diagnosing the degree of liver fibrosis, 
comprising the Steps of measuring the concentration of type 
IV collagen high molecular form in a Sample using the 
method of claim 5, and relating the measurement to the 
degree of liver fibrosis wherein as the measured concentra 
tion is higher the degree of liver fibrosis is higher. 

10. The method of claim 9, wherein said antibody that 
Specifically binds to the type IV collagen high molecular 
form is a monoclonal antibody produced by the hybridoma 
COL IV-67 (FERM BP-5240). 

11. A method for measuring a type IV collagen high 
molecular form, comprising the Steps of: 

(a) measuring concentration of type IV collagen high 
molecular form in a Sample, 

(b) measuring concentration of type IV collagen high 
molecular form in a healthy perSon, and 

(c) determining the ratio between (a) and (b). 
12. The method of claim 11, wherein the type IV collagen 

high molecular form is able to be specifically bound by a 
monoclonal antibody produced by the hybridoma COL 
IV-67 (FERM BP-5240). 

13. A method for diagnosing the degree of liver fibrosis, 
comprising the Steps of measuring the type IV collagen high 
molecular form in a Sample using the method of claim 11, 
and relating the ratio (a)/(b) with the degree of liver fibrosis 
wherein as the ratio (a)/(b) is higher, the degree of liver 
fibrosis is higher. 

14. The method of claim 13, wherein the type IV collagen 
high molecular form is able to be specifically bound by a 
monoclonal antibody produced by the hybridoma COL 
IV-67 (FERM BP-5240). 

k k k k k 


