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HCV INFECTION OF HEPATOCYTES AND INTRA-HEPATIC
B-CELL CLONALITIES
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B-CELL CLONAL EXPANSION IN HCV CHRONIC INFECTION
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GOLD TARGET FOR HCV-RELATED
MIXED CRYOGLOBULINEMIA
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Natural Interferon-a Versus Its Combination With 6-Methyl-Prednisolone
in the Therapy of Type II Mixed Cryoglobulinemia:
A Long-Term, Randomized, Controlled Study

By F. Dammacco, D. Sansonno, J.H. Han, V. Shyamala, V. Cornacchiulo, A.R. lacobelli, G. Lauletta, and R. Rizzi

Type Il mixed cryoglobulinemia (MC) is an often progressive
vasculitis characterized by circulating cold-precipitable pro-
teins that usually consists of polyclonal IgG and monoclonal
IgMx with rheumatoid factor (RF) activity. s etiology is un-
known, although recent evidence strongly suggests that
hepatitis C virus (HCV) plays a major role. Plasmapheresis,
corticosteroids, and cytotoxic drugs have been used in the
therapy of MC patients. Recently, favorable results with re-
combinant interferon-alpha (rlIFNa) have been reported. To
further assess its effectiveness, we studied the effects of
natural human interferon-a (nlFNa), alone and in combina-
tion with 6-methyl-prednisolone (PDN), in a prospective, ran-
domized, controlled trial in patients with symptomatic MC.
Sixty-five patients were enrolled onto the trial, 52 (B0%) of
whom presented serum anti-HCV antibodies and specific ge-
nomic RNA sequences. Fifteen patients received niFNa (3
MU} intramuscularly (IM} three times weekly, whereas 17
patients also received 16 mg/d of PDN orally on non-IFN
days. Moreover, 18 patients received 16 ma/d of PDN only,
and 15 were untreated. Treatment was discontinued after 1
year and patients were monitored for 8 to 17 months (mean,
13). A complete response was achieved in eight of 15 pa-
tients (53.3%) treated with nlFNo and nine of 17 (52.9%)
treated with nlFNa plus PDN, as compared with three of 18
patients (16.7%) who received PDN only (P < .05} and one
of 15 {6.7%) untreated controls (P < .01). Partial response

occurred in two of 15 (13.3%} patients treated with niFNa,
three of 17 {17.6%) who received nlFMN« plus PDN, one of 18
(6.5%) who received PDN only, and one of 15 {6.7%) controls.
A complete response in six patients (66.7%) was achieved
within 3 meonths in the group that received nlFNa plus PDN,
as compared with two patients (25%) of those who received
niFN& alone (P < .02). In anti-HCV-positive patients, the
clinical response occurred in step with reduced or undetect-
able levels of HCV RNA and transaminase normalization.
Quantification of circulating HCV RNA represented a good
predictive response marker. The probability of relapse
within 3 months after treatment was 100% (three of three
patients) and 75% (six of eight patients), respectively, in pa-
tients who received PDN alone or nlFNa alone as compared
with none of those who received nlIFN« plus PDN (P < .001).
Two of eight (25%) and three of nine (33.3%) patients who
received nlFN« and nIlFNa plus PDN, respectively, remained
in remission throughout the follow-up period. nlFNa con-
trols the activity of MC in more than 50% of patients. Its
combination with PDN results in a more prompt response
and delayed relapse; however, considering the increased vi-
remia found with prednisone, the marginal effects of com-
bined therapy do not warrant use of this protocol. In addi-
tion, relapse is common after 3 months of treatment
withdrawal from both treatment modalities.

@ 1994 by The American Society of Hematology.

Florence, 2011

Blood, Vol 84, No 10 (November 15}, 1994: pp 3336-3343




PROBABILITY OF COMPLETE RESPONSE AFTER ONE YEAR
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RESPONSE MAINTENANCE AFTER DISCONTINUATION OF THERAPY
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CONCLUSIONS

m
/

NnIFNa I1s beneficial in reducing disease activity In
more than half of patients with MC

i | Combined nIFNa plus PDN therapy did not increase
the rate of clinical response

The probability of relapse within 3 months after
treatment was more than 70%
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CLINICAL OBEERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Monoclonal antibody treatment of mixed cryoglobulinemia resistant
to interferon o with an anti-CD20

Domenico Sansonno, Valli De Re, Gianfranco Lauletia, Felicia Anna Tucci, Mauro Boiocchi, and Franco Dammacco

A controlled study has been carried out to
assess the efficacy of rituximab, a chi-
meric antibody that binds to the B-cell
surface antigen CD20, in 20 patients with
mixed cryoglobulinemia (MC) and hepati-
tis C virus (HCV)=positive chronic active
liver disease, resistant to interferon o
(IFN-w) therapy. They received an intrave-
nous infusion of 375 mg/m?® rituximab
once a week for 4 consecutive weeks.
Infusion of rituximab had a good safety
profile and no severe side effects were
reported. Sixteen patients (80%) showed
a complete response (CR), characterized
by rapid improvement of clinical signs
(disappearance of purpura and weakness

arthralgia and improvement of peripheral
neuropathy), and decline of cryocrit. CR
was associated with a significant reduc-
tion of rheumatoid factor (RF) activity and
anti-HCV antibody titers. Decline of IgG
anti-HCV titers in the cryoprecipitates was
usually associated with a favorable re-
sponse (r=0.81; P <.005). No differ-
ences in the dynamics of B-cell depletion
and recovery were found between re-
sponders and nonresponders. Molecular
monitoring of the B-cell response re-
vealed disappearance/deletion of periph-
eral clones in the responders and great
stability in the nonresponders. Rituximab
had a deep impact on hepatitis C viremia;

HCV RMNA increased approximately twice
the baseline levels in the responders,
whereas it remained much the same in
the nonresponders. Twelve (75%) of 16 re-
sponders remained in remission through-
out the follow-up. The results indicate
that rituximab has clinical and biologic
activity in patients with HCV+ MC. How-
ever, in view of the increased viremia in
the responders, additional modes of appli-
cation and combination of rituximab with
other agents need to be investigated.
(Blood. 2003:101:3818-3826)

£ 2003 by The American Society of Hematology

BLOOD, 15 MAY 2003 « VOLUME 101, NUMEBER 10
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PROBABILITY OF COMPLETE RESPONSE AFTER RITUXIMAB
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RESPONSE MAINTENANCE AFTER
RITUXIMAB TREATMENT DISCONTINUATION
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Virologic parameters at baseline and 12 months after rituximab
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Serum

Supematant

Cryoprecipitate

Fesponders {(n = 18]

HCW EMA, 1LV mL 477 231 £ 323 144

170 216 = 141 228

2845 1356 = 2478 282°

Anti-HCW andibody titer,

samplefcutoff ratio 1.0 = 30.0

Monresponders (n = 4

a5 425

213 £ 17.5°

HCW RMNA, 1LY mL 452 887 = 385 7E1

8&0 233 * 778 427

3 039 258 = 4 025 568"

Anti-HCW antibodhy titer,

samplefcutoff ratic B35 343 5256 446 21.0 24 1°
"Siatistically significant.
| End ]
Serum Supermatant Cryoprecipiiats

Fespondars (n = 18]

HCW RMA, ILmL 785 687 *+ 251 058

Ir4 628 * 357 080

4 041 556 = 3 5a4 327

Anti-HCW anfibody fiter,
samplefcutoff ratic 858 *+ 41 .53

Momresponders (n = 4

BE.Y * 388

53X 3.85°

HCW RMA, ILUfmL 456 333 * 345 104

451 B7V3 * 245 448

Z 581 800 = 3 800 852

Anti-HZW anfibody fiter,

samplefcutoff ratic T3.0F7 £ 53.83

264 + 177
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CONCLUSIONS
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Rituximab has clinical and biological activities in
HCV-related MC patients resistant to IFNa therapy

It can be assumed that Rituximab combined with
antiviral therapy may result In a synergistic
therapeutic effect
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Pegylated interferon-a, ribavirin, and rituximab combined therapy of hepatitis C
virus—related mixed cryoglobulinemia: a long-term study

Franco Dammacco,! Felicia Anna Tuccl,! Gianfranco Lauletta,! Pietro Gatti,! Valli De Re,? Vincenza Conteduca,’
Silvia Sansonno,? Sabino Russi,’ Maria Addolorata Mariggio,® Maria Chironna,* and Domenico Sansonno’

Sections of Intemal Madicine and Clinical Oncology, 3Genaral Pathology and Exparimental Oncology, and Hygiens, Depatmeant of Biomeadical Sciences and
Human Sneology, University of Ban Medical School, Ban; and #Clinical and Exparimantal Phamacology, Deparment of Molecular Oncology and Translatio nal
Ressarch, Centro di Riferimento Oncologico Aviano, Pordenone, Italy

This study illustrates the use and efficacy
of a combination of pegylated interferon-«
(Peg-IFM-«) and ribavidn (RBV), with or
without rituximab (RTX), in hepatitis C
virus {HCV}—related mixed cryoglobulin-
emia (MC). Twenty-two patients with HCV-
related MC received PegdFN-« (2a: 180 pg
or 2b: 1.5 pg'kg) weekly plus RBY (1000 or
1200 mag) daily for 48 weeks, and RTX
{375 mg/m2} once a week for 1 month
followed by two S-monthly infusions
(termed PIRR). Fifteen additional patients

First International Course of Translation’HeatoIo

received Peg-IFN-«/RBV with the same
modalities as the PIRR schedule. Com-
plete response was achieved in 54.5%
(12r22) and in 33.3% (5A5) of patients who
received PIRR and Peg-IFMN-o/RBY, re-
spectively (P = .05). Clearance of HCV
EMNA and conversion of B-cell popula-
tions from oligoclonal to polyclonal in
liver, bone marrow, and peripheral blood
was maintained for up to 3 years in 10 of
12 {83.3%) and in 2 of & (40%) patients
receiving PIRR and Peg-IFM-o/RBV. re-

spectively (P < .01). Cryoproteins in
22.7% (5/22) of patients with PIRR and in
33.3% (6M5) with Peg-IFN-o/RBV per-
sisted despite sustained HCV BNA clear-
ance. No response occurraed in remaining
5 patients of both groups. PIRR therapy is
well tolerated and more effective than
Peg-IFN-«/RBY combination in HCV-
related MC. Ilts effect may last for more
than 3 years. (Blood. 2010;116(3):343-353)

BLOOD, 22 JULY 2040 - VOLUME 116, NUMBER 2

Florence, 2011



Design of@egylated@mterferon-oc, ®ibavirin, and
@ituximab (PIRR) combined therapy

RITUXIMAB INFUSIONS (375 mg/sqm)

PEGYLATED INTERFERON (cxZa: 180 pg/wk or ce2b: 1.5 pg/Kg/wk)

RIBAVIRIN (1,000-1,200 mg/day)

b
MONTHS
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PRIMARY END-POINT: OBJECTIVE RESPONSE RATE

Criteria of Complete Response

Clinical Response: improvement of vasculitis

!B Imunological Response: disappearance of cryoglobulins

Vlrologlcal Response: clearance of HCV RNA

| @ Molecular Response: disappearance of circulating B-
| cell clonalities
U, e M.,_.J




PROBABILITY OF COMPLETE RESPONSE DURING PIRR
AND ANTIVIRAL COMBINATION THERAPIES
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RESPONSE MAINTENANCE AFTER PIRR AND
PEG-IFNo/RBV SCHEDULES
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DYNAMICS OF CLINICAL AND SEROLOGICAL

HCV RNA
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LIVER HISTOLOGY/IMMUNOHISTOLOGY IN RESPONDER
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CONCLUSIONS
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PIRR iI1s more effective than PEG-IFNa/RBV
combination in HCV-related MC

Its effect may last for more than three years

ir-q However PIRR is effective in just more than one-half
‘=Y of HCV-related MC patients
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UNRESPONSIVE PATIENTS TO PIRR TREATMENT

RESPONSE GROUP 1 GROUP 2
CLINICAL FLUCTUANT STABLE
VIROLOGICAL CLEARANCE STABLE
IMMUNOLOGICAL STABLE STABLE
MOLECULAR STABLE STABLE

Occurrence of B-cell clones resistant to Rituximab stultifies the
efficacy of PIRR.

Clonal expansions probably occur in an environment favorable
to their immortalization and may be a predisposing factor for
# transforming events (Herishanu Y et al BLOOD 2011)

V ! .
First International Course of Translationa®Hepatology, Florence, 2011
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Increased serum levels of the chemokine CXCL 13 and up-regulation of its gene
expression are distinctive features of HCV-related cryoglobulinemia and correlate
with active cutaneous vasculitis

Domenico Sansonno,! Felicia Anna Tuccl,! Laura Troiani,! Gianfranco Lauletta,! Michele Montrone,! Vincenza Conteduca, !
Loredana Sansonno,! and Franco Dammacco?

1Deparment of Biomedical Sciences and Human Oncology, Section of Intemal Madicine and Clinical Oncology, Univarsity of Ban Medical School, Ban, Italy

Chemokine CXCL13, also known as BCA-1
(B cell-attracting chemokine-1) or BLC
{B-lymphocyte chemoattractant), is a ma-
jor regulator of B-cell trafficking. Hepati-
tis C virus (HCV) infection may be associ-
ated with B-cell dysfunction and
lymphoproliferative disorders, including
mixed cryoglobulinemia (MC). This study
evaluates circulating levels of CXCL13
protein and specific mRNA exprassion in
chronically HCV-infected patients with and
without MC. Compared with hesalthy con-

trols and HCV-infected patients without
MC, CXCL13 serum levels were signifi-
cantly higher in MC patients. The highast
CXCL13 levels strongly correlated with
active cutaneous vasculitis. CXCL13 gene
expression in portal tracts, isolated from
liver biopsy tissues with laser capture
microdissection, showed enhanced lev-
els of gpecific mRNA in MC patients with
active cutaneous wvasculitis. Specific
CXCL13 gene mRNA expression was also
up-regulated in skin tissue of thess pa-

tients. These findings paralleled specific
deposits of CXCL13 protein both in the
liver and in the skin. Our results indicate
that up-regulation of CXCL13 gene expres-
sion is a distinctive feature of HCV-
infected patients. Higher levels of this
chemokine in the liver as well as in the
skin of patients with active MC vasculitis
suggest a possible interrelation between
these biologic compartments. (Blood.
2008;112:1620-1627)

BLOOD, 1 SEFTEMEBER 2008 - VOLUME 112, NUMBER &
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PLASMA LEVELS OF CXCL13/B-CELL
ATTRACTING CHEMOKINE-1 :

Serum CXCL13/BCA-1 (pg/ml)

With MC Without MC Healthy Controls
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CXCL13/BCA-1 mRNA EXPRESSION IN LCM-BASED
ISOLATED PORTAL TRACTS
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CXCL13/BCA-1 IMMUNE DEPOSITS IN THE LIVER TISSUE
OF HCV-RELATED MIXED CRYOGLOBULINEMIA

B CELLS

MONOCYTES/
MACROPHAGES
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CXCL13/BCA-1 PROTEIN AND mRNA IN SKIN BIOPSIES
OF HCV RELATED MIXED CRYOGLOBULINEMIA

I 2 3 4 5 0

CXCLI13 mRNA —— —— —— - - G Gh— —
(368 bp)

B-Actin mRNA
(241 bp)

—-— - - s = W
ACTIVE VASCULITIS
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CONCLUSIONS
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CXCL13/BCA-1 overproduction in liver contributes
to Ilymphoid homing by creating a local
microenvironment supportive of local B-cell
aggregation with features similar to ectopic

lymphoid follicles

It Is Involved In the exacerbation  of
cryoglobulinemic vasculitis, likely through aberrant
dissemination of antigen-priming information from
the liver to extrahepatic sites

ynal Course of Translationa®Hepatoloagy, Florence, 2011



CXCL13/BCA-1 CHANGES UNDER DIFFERENT
TREATMENTS
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CXCL13/BCA-1 levels do not change after both a
successful response to antiviral therapy or to B-cell
depletion induced by Rituximab

]
ynal Course of Translationa®Hepatoloagy, Florence, 2011



Role of the Receptor for the Globular Domain of Clq Protein
in the Pathogenesis of Hepatitis C Virus-Related Cryoglobulin
Vascular Damage'

Domenico Sansonno,™ Felicia Anna Tucci,* Berhane Ghebrehiwet,” Gianfranco Lauletta,®
Ellinor 1. B. Peerschke,” Vincenza Conteduca,* Sabino Russi,* Pietro Gatti,*
Loredana Sansonno.,* and Franco Dammacco®

Mixed cryoglobulinemia (MC) is a lymphoproliferative disorder observed in ~10 to 15% of hepatitis C virns (HCV)-infected
patients. Circulating, nonenveloped HCV core protein, which has been detected in crvoprecipitable immune complexes, interacts
with immunocytes through the receptor for the globular domain of Clq protein (gClq-R). In this study, we have evaluated
circulating gC1q-R levels in chronically HCV-infected patients, with and without MC. These levels were significantly higher in MC
patients than in these without MC and in healthy controls and paralleled specific mRNA expression in PBL. Soluble gClg-R
circulates as a complexed form containing both Clgq and HCV core proteins. Higher serum gClg-R levels negatively correlated
with circulating concentrations of the Cdd fragment. The presence of sequestered Cdd in the vascular bed of skin biopsies from
MC patients was indicative of in situ complement activation. In vitro studies showed that release of soluble gClq-R is regulated
by HCV core-mediated inhibition of cell proliferation. Our results indicate that up-regulation of gC1q-R expression is a distinctive
feature of MC, and that dysregulated shedding of Clq-R molecules contributes to vascular cryoglobulin-induced damage via the
classic complement-mediated pathway. The Journal of Immunology, 2009, 183: 6013-6020.

First International Course of Translation!HeatoIo Florence, 2011



gC1g-R IS A MULTILIGAND BINDING PROTEIN
MODEL OF INTERACTION BETWEEN gC1qg-R AND HCV CORE PROTEIN

Clq Globular

HCV - CORE
Docking Model Prediction (VegazZz) (2 - 45 aa)

gC1lgR amino acid sequence
MLPLLRCVPR VLGSSVAGLR AAAPASPFRQ LLQPAPRLCT RPFGLLSVRA GSERRPGLLR

PRGPCACGCG CGSLHTDGDK AFVDFLSDEI KEERKIQKHK TLPKMSGGWE LELNGTEAKL

VRKVAGEKIT VTFNINNSIP PTFDGEEEPS QGQKVEEQEP ELTSTPNFVV EVIKNDDGKK

Docking Model Prediction (VegaZZz)

ALVLDCHYPE DEVGQEDEAE SDIFSIREVS FQSTGESEWK DTNYTLNTDS LDWALYDH

DFLADRGVDN TFADELVELS TALEHQEYIT FLEDLKSFVK SQ

74—95 C1q binding region 188—259 HCV - CORE binding region

Course of Translationa



HCV CORE PROTEIN CONTAINING-CRYOGLOBULINS REGULATE THEIR
CAPACITY TO BIND COMPLEMENT THROUGH THIS PROTEIN

@ HCV CORE PROTEIN

Ligand Binding )
_ | HCV CORE PROTEIN gC1qRECEPTOR Signalling

O |




LEVELS OF CIRCULATING SOLUBLE gC1g-R AND gC1g-R/HCV
CORE COMPLEX IN SERA OF DIFFERENT CATEGORIES OF
PATIENTS AND IN HEALTHY SUBJECTS
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C4d DIVERSION

SERUM LEVELS OF C4d FREE (A) AND BOUND TO gC1gR (B)
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PROPOSED PATHOGENETIC MECHANISM OF
CRYOPRECIPITATION AND TISSUE DAMAGE

C4- HYPOCOMPLEMENTEMIA

C4 DIVERSION

CIRCULATING IMMUNE
COMPLEXES

HCV CORE PROTEIN

M Ty
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IT IS CONCLUDED THAT

DYSREGULATED SHEDDING OF gClg-R MOLECULES DIFFERENTIATES
CRYOGLOBULINEMIC FROM NONCRYOGLOBULINEMIC PATIENTS.

IT IS LIKELY TO BE GENETICALLY DETERMINED

HCV CORE PROTEIN AND IgM-RF MOLECULES POTENTIATE ACTIVATION
OF CLASSIC COMPLEMENT PATHWAY CONTRIBUTING TO THE

VASCULAR CRYOGLOBULIN-INDUCED DAMAGE

gG1g-R might represent a potential
therapeutic target in the treatment of
cryoglobulinemic vasculitis

ohal Course of Translationa®Hepatology, Florence, 2011




POTENTIAL THERAPEUTIC AGENTS IN
PIRR-REFRACTORY MIXED CRYOGLOBULINEMIA

TYPE OF
AGENT TARGET CRYOGLOBULINEMIA PATIENTS RESPONSE

Infliximab TNFa Mixed
Mixed
Mixed
Etanercept TNFa Mixed
Alemtuzumab CD52 I
Thalidomide IKKa I

Yes
NoO

Lenalidomide TNFa
8 Bortezomib PROTEASOME

1
2
1
§)
1
1
1
1
1
?

Belimumab Blys
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