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DISCLOSURE 

FROM 

UNION CARBIDE CORPORATION, NUCLEAR DIVISION 

%DA CASE NO. : S- 47,864 CNID NO. 3524 

INVENTORS : John L, Gerin, Hilton B. Levy,' Thomas C. Merigan,' Robert H. Purcell, 1 
and William S. Robinson* 

;UBJECT: MODIFICATION OF HEPATITIS B VIRUS INFECTION IN CHRONIC CARRIERS OF 
HEPATITIS B SURFACE ANTIGEN 

\BSTRACT : A method of potential value for treating chronic hepatitis B viral 

infections in humans, chimpanzees and possibly other primate species 

susceptible to the virus is described. The method basically comprises 

the injection of exogenous interferon or certain interferon inducers, 

for example, a polyriboinosinic-polyribocytidylic acid-poly-1-lysine 

carboxymethyl cellulose complex, over an extended period to cause a 

reduction in the various markers of hepatitis B infection. Studies 

have shown serum Dane particle-associated DNA polymerase, e antigen, - 
hepatitis B surface antigen, intrahepatic hepatitis B surface and core 

antigens to diminish during treatment. 

jESCRIPTION: Background of the Invention 

The invention relates generally to the use of exogenous inter- 

feron or interferon inducers to modify viral infections and more 

specifically to the use of these substances as a method of modifying 

hepatitis 8 infections. 

Recent epidemiological studies indicate as many as 150,000,000 

t o  200,000,000 people are infected with hepatitis B virus (HBV) at any 
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one tine. Most chronic HBV infections persist for many years, and 

can transmit infection by blood transfusion and by nontransfusion- 

associated routes. 3-8 Due to the large number of chronic carriers 

worldwide and the common occurrence of neonatal transmission from 

mothers who are chronic carriers, ’* elimination of this virus by 

vaccination is unlikely in the foreseeable future. Unfortunately, 

current methods of treatment are based upon the use of steroids and 

antimetabolites that suppress the immune response of the patient rather 

than affect the course of chronic HBV infection. 9-12 

A need therefore exists to provide a method treating chronic hepa- 

titis viral infections in a manner which actually modifies the virus. 

The subject development as described hereinbelow was specifically 

designed to meet this need. 

Summary of the Invention 

It is an object of the subject development to provide a method 

of modifying HBV in chronically infected subjects. 

In accordance with this and other objectives of the invention, the 

subject development is a method of modifying HBV in infected subjects 

by substantially increasing interferon levels in the subject for an 

extended period of time. 

injection schedule with either exogenous interferon or  an interferon 

This can be accomplished by a prolonged 

inducer such as polyriboinosinic-polyribocytidylic acid-poly-1-lysine 

carboxymethyl cellulose complex (PICLC). 

Brief Description of the Figures 

Figs. la and lb illustrate the effect of treatment with PICLC on 
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markers of chronic hepatitis B virus infection in chimpanzees 814 

and 821, the beginning and end of the treatment p e r i o d s  are indi- 

cated by arrows on the abscissa; 

Fig. 2 illustrates the effect of three separate courses (A, B, 

and C-H) of human leukocyte interferon on Dane particle-associated 

DNA polymerase, HBSAg and HB Ag in patient 1; 
C 

Fig. 3 illustrates the effect of two separate courses (A and B) 

of human leukocyte interferon on Dane particle-associated DNA polymerase, 

HB Ag andHBcAgin patient 2; and 
S 

Fig. 4 illustrates the effect of one course (A) of human leukocyte 

interferon on Dane particle-associated DNA polymerase, HBsAg and DcAg 

in patient 3. 

Detailed Description of the Preferred Embodiment 

Interferon, a naturally occurring glycoprotein with a wide spec- 

trum of -- in vitro and in vivo antiviral effects, has been evaluated 

as a treatment for several human viral infection~.~~ 

use of interferon or interferon inducers has had limited success in 

modifying or terminating chronic infections caused by other viruses. 

However, an absence of detectable interferon in serial serum samples 

from patients with type B hepatitis has been detected14 and it has been 

postulated that decreased production of interferon may be responsible 

for the chronicity of the disease. 

In general, the 

15 

In view of the above, it has been further postulated by the sub- 

ject inventors that it may be possible to modulate HBV by artificially 

increasing the level of interferon in chronically infected patients 

- 3- 



1 

undetectable levels w i t h i n  two days of initiation of treat- 

ment in chimp 821 and remained undetectable until cessation 

of treatment, at which time it returned t o  pretreatment levels. 

DNAP in the serum of chimp 814 also rapidly fell to unde- 

tectable levels but returned to pretreatment levels a week 

before treatment was terminated. 

fell only two-fold in this latter animal, but fell four- to 

eight-fold in chimp 821. 

anti-HB 

the liver remained essentially unchanged in both animals during 

the experiment, as did the histologic findings. Alanine 

aminotransferase activity became slightly elevated during PICLC 

treatment in both animals. 

altered by PICLC returned to pretreatment levels following 

cessation of treatment. 

The titer of 5 antigen 

The titers of HBSAg, anti-HBe, and 

in the serum and the quantity of HBSAg and HBcAg in 
C 

All laboratory values that were 

Proof that the inhibitory effect on DNAP was not due to 

a direct effect of PICLC in vivo or in vitro was obtained by 

testing for DNAF' activity in the presence of concentrations of 

PICLC up to 100 pg/ml. PICLC had no inhibiting effect on DNAP 

activity at these concentrations, which markedly exceeded the 

maximum anticipated serum levels. 

not be detected in any of the serum or plasma samples when 

tested by a sensitive in vitro assay employing non-human cells. 

Thus PICLC did not appear to be directly responsible for the 

results observed, but rather they were probably the result of 

-- -- 

Furthermore, PICLC could 
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the induction of interferon by this compound. 

After it had been determined that increasing interferon 

levels in chimpanzees with chronic hepatitis was not unduly 

hazardous, parallel studies on the long-term effects of 

exogenous interferon on humans and of PICLC on chimpanzees 

were initiated. 

and 111. 

These studies are described in examples I1 

Example 11 

Chronic carrier chimpanzees 814 and 821 and normal con- 

trol chimpanzees 16 and 105 were employed in the study of the 

effects of prolonged PICLC administration on chronic HBV 

infection and on normal physiology. After two weeks of base- 

line studies, chimpanzees 814, 821, and 105 were administered 

3 mg/kg body-weight PICLC, and chimpanzee 16 was administered 

carboxymethyl cellulose (CMC) to stabilize the PICLC complex. 

PICLC was administered once daily for two six-day periods, 

separated by one non-treatment day, and every other day there- 

after for a total of seven weeks. Serum samples were drawn 

8 hours after administration of PICLC or CMC for measurement 

of interferon levels, and plasma samples were obtained imme- 

diately prior to PICLC administration at daily t o  weekly inter- 

vals. Biopsies were obtained weekly. 

Chimp 814 developed moderate levels of serum interferon 

within eight hours of administration of PICLC and maintained 

a responsiveness to PICLC throughout the study (Fig. la). 

-6 - 



Within a week a f t e r  the  i n i t i a t i o n  of PICLC t reatment ,  serum 

DNAP f e l l  t o  base l ine  l e v e l s  and remained the re  throughout 

the  treatment but r e tu rned  t o  pre-treatment l e v e l s  wi th in  

a week of cessa t ion  of PICLC i n fus ion .  Coincident with t h e  

f a l l  of DNAP a c t i v i t y ,  serum HB Ag increased markedly, reach- 

ing  a peak almost s i x  t i m e s  g r e a t e r  than  base l ine  values  a t  

t h e  time that DNAP l e v e l s  reached t h e i r  lowest point .  

C 

A pool of plasma concen t r a t e s  from t h e  per iod of peak 

HB Ag a c t i v i t y  was banded i n  a cesium ch lo r ide  grad ien t .  

treatment of the  f r a c t i o n s  wi th  de t e rgen t ,  HB Ag w a s  de tec ted  

i n  those  f r a c t i o n s  which corresponded t o  t h e  dens i ty  region of 

After  
C 

C 

3 Dane p a r t i c l e s  (1.21-1.23 g/cm 1 and not  in t h e  region of f r e e  

core  p a r t i c l e s  (>1.28 g/cm ). 

t o  be assoc ia ted  wi th  Dane p a r t i c l e s  d e f i c i e n t  i n  DNAP a c t i v i t y .  

Thus, t he  adminis t ra t ion  of PZCLC and t h e  r e s u l t a n t  induct ion  

of endogenous i n t e r f e r o n  caused t h e  syn thes i s  and/or r e l e a s e  

of presumably d e f e c t i v e  h e p a t i t i s  B v i r ions .  A s  can be seen 

i n  Fig.  l a ,  t he  t i t e r  of both t h e  sl and e 

an t igen  pa ra l l e l ed  the  course of DNAP a c t i v i t y  during the  t r e a t -  

ment period. Within t h r e e  weeks of i n i t i a t i o n  of PICLC therapy, 

serum HBsAg began t o  d e c l i n e  i n  titer and subsequently f e l l  

t o  l e v e l s  only approximately one-fourth of t h e  pretreatment  

leve  1. 

3 Therefore ,  the  HBcAg appeared 

components of 2 -2 

Following c e s s a t i o n  of t reatment ,  serum HBsAg returned 

t o  pre-treatment l e v e l s .  In t r ahepa t i c  HB Ag t r a n s i e n t l y  f e l l  
C 
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to barely detectable levels midway through the treatment 

period but had returned to pre-treatment levels before 

cessation of treatment. The effect of PICLC treatment on 

intrahepatic HB Ag was more marked: UsAg fell to barely 

detectable levels in the liver in parallel with the fall in 

serum HB Ag titer and remained barely detectable until serum 

HB Ag increased in titer following discontinuance of treat- 

ment. 

HB Ag was characterized by a decrease in the number of 

fluorescing nuclei without a concomitant decrease in the 

intensity of fluorescence in individual nuclei, whereas 

loss of intrahepatic HBsAg was characterized by a marked 

decrease in the intensity of cytoplasmic fluorescence of 

almost all effected cells. 

during the first experiment had resolved by the time the 

second experiment began; only non-specific histologic changes 

were observed during this second infusion of PICLC. 

S 

S 

S 

It was of interest that the decline in intrahepatic 

C 

The mild type B hepatitis observed 

Similar results were obtained with chimp 821 (Fig. lb). 

The induction of endogenous interferon was less marked in this 

animal: 

chimp 814. Nevertheless, serum DNAP fell to low levels and 

remained there throughout the treatment period, indicating a 

striking sensitivity of the hepatitis B virus to low levels 

serum interferon titers averaged one-third those of 

of interferon. 

The interferon response of chimpanzee 105 was essentially 
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identical with that of chimp 8 1 4 ;  interferon was not dc-  

tected in any of the serum specimens from chimp 16, who 

received only CMC. 

unremarkable, but chimp 105 developed a reactive hepatitis 

characterized by activation of Kupffer cells and deposition 

of fat in hepatocytes. 

hepatoxicity. 

Histologic findings in chimp 16 were 

These changes were suggestive of 

Example I11 

The human subjects fo r  the third example were chosen 

from twenty-five HBsAg positive patients with biopsy docu- 

mented chronic active hepatitis (CAH). Three subjects (Pt. 

1, age 21, Pt. 2, age 32, Pt. 3, age 30 years) had elevated 

levels of serum particle - associated DNA polymerase. 

addition, one subject (Pt. 4, age 40) without detectable 

DNA polymerase was given interferon. 

In 

Parenteral interferon given in a dosage range between 

17 x 10 4 U/kg/day and 6.0 x 10 3 U/kg/day was associated with 

an immediate and reproducible fall in DNA polymerase levels. 

In patient 1 (Fig. 2) ,  three successive courses of interferon 

were all associated with a 10-fold or greater decrease in 

polymerase levels. In patient 2 (Fig. 31, interferon dosage 

was gradually increased until at a dose level of 6 . 0  x 10 3 

U/kg/day, a significant fall in the polymerase level occurred. 

In patient 3 (Fig. 

U/kg/day also led 

Comparison of the 

patient 3 to that 

4), an intermediate dose of 1.2 x 10 4 

to a prompt fall in polperase activity. 

reduction in polymerase level produced in 

observed in patient 1 (courses A and B) 

.. 
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ests that t h e  higher dos.?gcs produced  a more complete 

effect. Patient 4 (no figure), who had no detectable 

polymerase prior to interferon therapy, remained polymerase 

negative throughout a one month treatment with thedrug being 

given at a dosage of 7.5 x 10 3 U/kg/day. Human leukocyte 

interferon was added to polymerase-containing sera in vitro 

at concentrations of 2000 and 100 units/ml. No effect on 

polymerase activity was observed when such a mixture was 

Incubated at 37OC for 2 hours and room temperature over- 

night. 

-- 

Interferon, when given for 10 days or less at a dosage 
4 range between 17 x 10 

1.2 x 10 

only a transient fall in polymerase. 

U/kg/day (patient 1, Fig. 21, and 
4 U/kg/day (patient 3, Fig. 4), was associated with 

When therapy w a s  stopped, 

polymerase values promptly rose toward pretreatment levels. 

More prolonged therapy (Figs. 2 and 3) at dosages of 

6.0 x 10 U/kg/day or greater appeared to suppress polymerase 

activity more permanently. Patients 1 and 2 have continued 

t o  have depressed or negative polymerase values for three weeks 

and one month, respectively, following the termination of 

therapy. 

3 

Other Dane particle markers including HBcAg and Dane 

particle-associated DNA, appear to be similarly affected. 

In patient 1 (Fig. Z), HBcAg fell only slightly and tran- 

siently during courses A and B, but become undetectable 

-10- 
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during more prolonged treatment (courses C and H). In 

patient 2 (Fig. 3 ) ,  a concurrent fall of HB Ag and 

polymerase was observed. 

following prolonged interferon therapy, HBcAg remained 

down. Patient 3 (Fig. 4), who was treated for 8 days, 

showed only a transient fall in HBcAg. 

detectable HBcAg throughout the study. 

Dane particle-associated DNA in the same fashion as DNA 

polymerase activity (patients 1, 2,  and 3, Table 111). 

C 

Again in these two subjects 

Patient 4 had no 

Interferon affected 

The effect of interferon therapy on HB Ag, a viral 

protein not exclusively associated with Dane particles, 

appeared to be more variable. In no case did it appear that 

short term interferon (patients 1 and 3, Figs. 2 and 4), had 

a measurable effect on HB Ag levels. 

treated for a month or longer (patients 1, 2 ,  and 3 ,  Figs. 

2 and 3 ) ,  only patient 1 had a significant change in HBsAg 

level. 

interferon, HBsAg fell 16-fold from CF titer of 1/128 to - 

1/8. Patient 2 (Fig. 3) showed no change in HBsAg and 

patient 4 (not shown) had a constant titer of 1/32 through- 

out the study. 

Neither short-term or long-term therapy with PICLC or inter- - 

S 

Of the three patients 
6 

In this patient who received the highest doses of 

feron terminated chronic HBV infection in the subjectsstudied, and 

all indicators of HBV infection returned to pretreatment levels 

shortly after discontinuance of treatment. Failure to cure these 

-'11- 
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s u b j e c t s  may have been the result O F  failure t o  maintain constant 

serum levels of interferon. However, continuous or frequent admin- 

istration of interferon or interferon inducer to chronically infected 

sub j ec t s may result in more permanent changes. 

RELATED ART: A patent has been applied for by HEW covering the use of PICLC 

as an interferon inducer. Hilton B. Levy, one of the inventors of 

the subject development,is listed as an inventor in the PICLC appll- 

cation. 
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. .  

PROBABLE 
VALUE : 

ECOMHENDATION: 

Both endogenous and exogenous interferon appear t o  be equally 

Each has advantages 

,. 
effective in modifying chronic HBV infection. 

and disadvantages. 

administer and nonimmunogenic but is associated with toxic manifes- 

tations. Also, it is very difficult to prepare exogenous interferon 

in large quantities and it is exceedingly 

Endogenous interferon must be induced by other substances, and PICLC 

is the most promising inducer at present. 

tively inexpensive but is also associated with tox ic  manifestations; 

in addition, it is potentially immunoreactive and more difficult to 

administer. More extensive studies of these two potential chemo- 

therapeutic agents are currently in progress to determine which, if 

either, will be useful for more widespread treatment of chronic HBV 

infection in man. 

Exogenous interferon is relatively easy to 

expensive at present. 

This substance is rela- 

The filing of a patent application may be warranted. 
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Table I 

Serum Interferon L e v e l s  Following a Single Intravaneous I n f u s i o n  of 
P I C L C  ( 3  mgm/Kg) in Chimpanzees 

Interval (hrs.) Interferon Titer in Indicated Chimp (units/ml) 
after Infusion 

514 (normal) 8800 (HBsAG Carrier) 

Pre 
2 
4 
8 
12 
24 
36 
48 

<lo 
<lo 
<lo 
20 
160 
d.0 
d.0 
4 0  

<lo 
40 
40 
160 
20 
<lo 
<lo 
<lo 

Table I1 

Effect of 14-Day Treatment with PICLC on Indicators of 
Chronic Hepatitis B Virus Infection in Chimpanzees 

Indicator Response in Indicated Chimp 
1814 f821  

Serum 
DN.4 polymerase diminished markedly diminished 
e antigen slightly diminished markedly diminished 
HBsAg unchanged unchanged 
alanine amino transferase slightly elevated slightly elevated 

unchanged 
unchanged 

unchanged 
unchanged 



Table 111 

Effect  of Interferon on l lcpatic  and lienatologic Function 

with Serum Inter feron  L e v e l s  

PEA): SEELTI SLRWI ASPhRThTE * UIILTE ELOOD 
A!I IXOTX~:! SA? 11:~s E CELL COijNT INTERFE9O:i LEVEL 

Prior  t o  
i n t e r f e r o n  47 - 70 (50)** 8,100 - 9,400 (6,500)*** (1 0 

COU?SE A 4 1  - 69 (51) 3,400 - 4,000 (3,900) 1,250 
B 4 1  - 47 (43 )  3,600 - 4,600 (4,400)  - -- 

w C 130 - 294 (218)  5,000 - 5,500 (5 ,200)  210 
ti 
d E 75 - 159 (102)  5,300 - 7,700 (6,400)  50 

r( 

D 119 - 165 (139)  4,900 - 5,600 (5 ,200 )  89 t 4  
).( 

F 52 - 74 (63) 6,000 - 7,100 (6 ,600)  23 
G 35 - 5 2  ( 4 4 )  7,200 - 8,100 (7.600) 16 
H 31 - 35 ( 3 3 )  8,100 -- 

*** Prior to 
i n t e r f e r o n  293 - 1790 (896?* 10,300 - 14,300 (12,700) (10 N 

k 

5 COURSE A 117 - 239 (218)  10,300 - 13,300 (11,800) 1 0  

B 251 9,800 23 d 
C 463 - 576 (SO) 8,600 - 10,400 ( 9 , 2 0 0 )  50 

. i 3 t e r f c r o n  51 - 59 ( 5 5 )  4,300 - 5,800 (5,100) 4 1 0  

pc COURSE A 87 - 93 (90 )  3,200 - 3,700 (3 ,500 )  47 

U w 

m P r i o r  to 

t-c 

Prior t o  4 

i n t e r f e r o n  25 - 43 (44)** 4,900 - 7,200 (6,100)*** -=IO E 
33 - 46 ( 4 )  4,100 - 5,100 ( 4 , 8 3 0 )  45 H w COURSE A < 

c4 

* Xorrr,al v a l u e d 1 5  
) nezn of 4 or nore determinzt ions  over previous 2 months 
) mean of 2 or more determinations over previous 1-2 conths  

** Range and ( 
*** Range and ( 
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