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Abstract
Background & Aims: Hepatitis C virus (HCV)‐related mixed cryoglobulinaemia vascu‐
litis (MCV) is characterized by the expansion of rheumatoid factor‐producing B‐cell 
clones. The aim of this study was to assess whether B‐cell clones may persist in these 
patients after the clearance of the virus with antiviral therapy, and whether their 
persistence influences clinical outcomes.
Methods: Forty‐five HCV‐cured MCV patients were followed up for a median of 18.5 
(range 9‐38) months after the clearance of HCV. Circulating B‐cell clones were de‐
tected using flow cytometry either by the skewing of kappa/lambda ratio or by the 
expression of a VH1‐69‐encoded idiotype.
Results: The clinical response of vasculitis was 78% complete, 18% partial and 4% null. 
However, cryoglobulins remained detectable in 42% of patients for more than 
12 months. Circulating B‐cell clones were detected in 18 of 45 patients, and in 17 of 
them persisted through the follow‐up; nine of the latter patients cleared cryoglobulins 
and had complete response of vasculitis. Several months later, two of these patients 
had relapse of MCV.
Conclusions: B‐cell clones persist in MCV patients long after HCV infection has been 
cleared but halt the production of pathogenic antibody. These ‘dormant’ cells may be 
reactivated by events that perturb B‐cell homeostasis and can give rise to the relapse 
of cryoglobulinaemic vasculitis.
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1  | INTRODUC TION

Hepatitis C virus (HCV) causes monoclonal B‐cell lymphoprolif‐
erative disorders including mixed cryoglobulinaemia vasculitis 
(MCV) and non‐Hodgkin lymphomas (NHLs).1 The B‐cells clonally 
expanded in MCV produce monoclonal IgM rheumatoid factor 
(RF),2 putatively cross‐reactive with HCV and often encoded by 
the VH1‐69 variable gene,3 which form cold‐precipitable immune 
complexes responsible for vasculitis. These clonal B‐cells display 
peculiar characteristics such as low expression of CD21 (CD21low 
B‐cells) and features of functional exhaustion.4-6 The eradication 
of HCV infection with direct‐acting antivirals (DAAs) is associated 
in most cases with healing of MCV7-9 and with regression of NHL,10 
but cryoglobulins persist in almost half of HCV‐cured MC patients8 
and clinical relapses have been observed in some of them.9,11

We previously reported12 that circulating B‐cell clones may per‐
sist for at least some months after the eradication of HCV, suggest‐
ing that this might be the cause for HCV‐independent persistence 
or relapse of MC. Here, we describe the long‐term immunological 
and clinical outcomes of antiviral therapy with DAAs in patients 
with MCV with or without NHL, and correlate these outcomes with 
the presence and persistence of circulating B‐cell clones.

2  | METHODS

2.1 | Study population and assessment of clinical 
outcomes

We investigated 45 patients with HCV‐associated MCV, 30 fe‐
male and 15 male aged 40 to 84 years (median 69). Eight patients 
had MCV associated with indolent B‐cell NHLs (MCV‐NHL) and 
18 patients had a clinical diagnosis of compensated cirrhosis or a 
Metavir score of F4.

Patients were treated with guideline‐tailored DAA therapy 
and were followed up for a median of 18.5 (9‐38) months after the 
clearance of HCV, which occurred in all cases after 1 month of ther‐
apy. The clinical response of vasculitis was defined as previously 
described7 and detailed in Supplementary Methods. The immuno‐
logical response was evaluated by changes in cryocrit and serum 
complement fraction 4 (C4) values.

Treatments were administered on‐label and follow‐up was 
done according to good clinical practice standard, and therefore 
this study did not require specific ethical approval. Laboratory 
studies beyond routine clinical care were approved by the Ethics 
Committee of Sapienza University of Rome and informed consent 
was obtained from patients.

2.2 | Detection of circulating B‐cell clones by 
flow cytometry

Monoclonal B‐cells were identified either by light chain restric‐
tion and distinctive immunophenotype, or by the expression of a 
VH1‐69‐encoded idiotype as previously described.3,12 Briefly, to 

identify VH1‐69‐expressing B‐cells, we used the G6 antibody rec‐
ognizing an epitope of the VH1‐69‐encoded protein (Figure S1). 
Flow cytometric analyses were done with a FACSCalibur instru‐
ment (Becton‐Dickinson Biosciences) using the CellQuest (Becton‐
Dickinson Biosciences) and FlowJo (Tree Star, Ashland, OR) software. 
Additional information is available in Supplementary Methods.

2.3 | Statistics

Data were analysed by unpaired t test and Mann‐Whitney test using 
the GraphPad Prism software.

3  | RESULTS

3.1 | Clinical outcomes

Thirty‐five of 45 patients (78%) were complete responders, eight 
(18%) partial responders and two (4%) non‐responders. Similar to a 
previous report,7 purpura, glomerulonephritis and skin ulcers tended 
to respond more rapidly and more completely than peripheral neu‐
ropathy or sicca syndrome. Eleven of the 18 patients with compen‐
sated cirrhosis showed an improvement of the F4 Metavir score 
when tested between months 9 and 12 of follow‐up: one patient 
decreased to Metavir F3, four patients to Metavir F2 and six patients 
to Metavir F0‐F1.

Cryocrit values decreased and C4 serum levels increased steadily 
after antiviral therapy (Figure 1A‐B); however, between months 12 
and 38 post‐therapy 42% of patients still had detectable cryoglob‐
ulins (Figure 1A) and C4 levels were low in 31% (Figure 1B). Among 
these patients, 38% presented both normalization of C4 level and 
negative cryocrit, whereas 13% had still low C4 level and positive 
cryocrit. Baseline cryocrit was similar in patients with (7.3 ± 8.1%) 
or without (8.8 ± 11.7%) cirrhosis, and cryoglobulin persistence was 
unrelated to cirrhosis suggesting that reduced clearance of immune 
complexes was not responsible for it. Also, of 32 patients inves‐
tigated at baseline for C4 levels those with cirrhosis had a similar 
prevalence of low C4 (5/12, 42%) as those without cirrhosis (10/20, 
50%). No correlation between persistence of cryoglobulins and re‐
sponse of vasculitis was observed; in fact, among 24 patients with 
complete clinical response at months 12 to 38 (median 18.5), 10 
(42%) still had detectable cryoglobulins.

Key Points

•	 Circulating B‐cell clones persist in mixed cryoglobuli‐
naemia patients long after HCV is cured.

•	 Cryoglobulins and vasculitis can disappear despite the 
persistence of large B‐cell clones.

•	 B‐cell clones may be activated by HCV‐unrelated 
stimuli.
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3.2 | Detection and characterization of circulating 
B‐cell clones

Circulating B‐cell clones could be detected in 18 of 45 (40%) pa‐
tients, eight of which had MCV‐NHL (Figure 1C,D). At baseline, 

clones constituted 14% to 95% (median 81%) of circulating B‐cells in 
MCV patients, and 78% to 98% (median 96%) in MCV‐NHL patients; 
the absolute number of clonal B‐cells ranged between 17 to 2214 
(median 110) cells/µL in MCV patients, and 55 to 10080 (median 
1029) cells/µL in MCV‐NHL patients (Figure 1E,F). The clonal B‐cells 
of 7 of 10 patients with MCV (Figure 1C), and of none of the patients 
with MCV‐NHL (Figure 1D), expressed a VH1‐69‐encoded idiotype. 
The higher frequency of VH1‐69+ clones in MCV than in MCV‐NHL 
is puzzling since HCV‐associated NHLs often express this idiotype,13 
and can be due in part to the fact that MCV patients often have 
small‐size clones that, when VH1‐69‐negative, pass undetected 
through light chain restriction analysis.

The relative size of circulating B‐cell clones, expressed as the per‐
centage of clonal B‐cells among total B‐cells, remained substantially 
unchanged through the follow‐up in 9 of 10 MCV patients and in all of 
eight MCV‐NHL patients (Figure 1C,D); only in one patient with MCV, 
the size of the VH1‐69+ clone decreased from 34% at baseline to 5% at 
month 9, a proportion below the 6% upper percentage of circulating 
VH1‐69+ B‐cells found in healthy subjects.3 The absolute number of 
circulating monoclonal B‐cells decreased only in two of 10 MCV pa‐
tients (Figure 1E) and in one of eight MCV‐NHL patients (Figure 1F).

At baseline, most of the clonal B‐cells of MCV and of MCV‐
NHL patients were CD21low; as previously reported in a small 
series of patients,12 the percentage of CD21low clonal B‐cells de‐
creased steadily after the clearance of HCV (Figure S2). Further 
characterization revealed that, either before or after HCV cure, 
the CD21low but not the CD21high clonal B‐cells displayed a pecu‐
liar CD19highCD11cposCD95posCD62Llow/neg phenotype (Figure S3) 
previously described in CD21low B‐cells of MCV patients4-6 and of 
patients with other immunological disorders.14,15

3.3 | Correlation of the persistence of B‐cell clones 
with clinical outcomes

Surprisingly, we found no correlation between the persistence 
of B‐cell clones and that of serum cryoglobulins or of vasculitis. In 
fact, nine patients (five with MCV and four with MCV‐NHL) cleared 
cryoglobulins (Figure 1G,H) and had a complete clinical response of 
vasculitis despite the persistence of large clones. By contrast, one 
patient had clearance of the B‐cell clone by month 9 but high‐titre 
(18%) cryoglobulins were detected up to month 20 and he had an 
only partial clinical response. Among the remaining eight patients 
who had persistence of B‐cell clones and failed to clear cryoglo‐
bulins, five had a complete and one a partial response, while two 
were non‐responders. One of the latter patients had HCV‐NHL, and 
had no improvement of kidney disease and of peripheral neuropa‐
thy and persistence of cryoglobulins for 18 months after the clear‐
ance of HCV. The other non‐responder had MCV with mild sensory 
neuropathy and was diagnosed with lung cancer shortly after the 
start of antiviral therapy; after the clearance of HCV she had persis‐
tence of a large B‐cell clone and of high‐titre cryoglobulins, and died 
9 months later of respiratory failure because of dramatic progres‐
sion of motor neuropathy.

F I G U R E  1   Immunological response and circulating B‐cell 
clones in hepatitis C virus‐cured patients. (A) Cryocrit values and 
(B) serum C4 levels in 45 patients with mixed cryoglobulinaemia 
vasculitis (MCV) or MCV‐NHL. Bars denote the means, and the 
dashed line denotes the lower normal limit of serum C4. (C) Sizes 
of circulating B‐cell clones detected in 10 patients with MCV and 
(D) in eight patients with MCV‐NHL. Clonal B‐cells were identified 
by skewed kappa/lambda ratio (closed circles) or by the expression 
of a VH1‐69‐encoded idiotype (open squares); the clone size was 
calculated as the percentage of clonal B‐cells among total B‐cells. 
(E) Absolute numbers of circulating clonal B‐cells in patients with 
MCV and (F) with MCV‐NHL. (G) Cryocrit values in the patients 
with MCV and (H) with MCV‐NHL who had detectable B‐cell clones
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Three patients had relapse of MCV several months after the 
cure of HCV infection (Table 1). Two patients had cleared cryoglob‐
ulins and were complete clinical responders, while one healed from 
purpura and skin ulcers but had stable neuropathy and persistence 
of traces of cryoglobulins and was therefore classified as partial 
responder. Relapses were characterized by the recurrence of pur‐
pura, which was unusually diffuse in one case and was associated 
with dramatic progression of peripheral neuropathy in another. Two 
of the patients had large B‐cell clones that persisted through the 
follow‐up while one apparently lacked clonal B‐cells in peripheral 
blood; in the latter patient relapse occurred in concomitance with an 
acute upper respiratory tract infection.

4  | DISCUSSION

We observed that circulating B‐cell clones persisted in most pa‐
tients with MCV or with MCV associated with indolent NHL for up 
to 2 years after the cure of HCV infection. Only one MCV patient 
showed disappearance of the circulating B‐cell clone, retaining, 
however, high titres of cryoglobulins. It might be possible that clonal 
B‐cells responsible for cryoglobulin production persisted confined in 
the lymphoid tissue, bone marrow or liver.16 This scenario might be 
similar to what observed in the majority of our MCV patients with 
cryoglobulins and apparently absence of circulating B‐cell clones.

Intriguingly, several MCV or MCV‐NHL patients cleared serum 
cryoglobulins and all clinical signs of vasculitis despite the per‐
sistence of large B‐cell clones, suggesting that the clonal B‐cells 
could have switched to a ‘dormant’ state in which the production 
of pathogenic antibody was suppressed. The hypothesis of a switch 
to a non‐pathogenic state is supported by the phenotypic and func‐
tional changes that take place in clonal B‐cells once HCV is cleared. 
In fact, we provide evidence that after antiviral therapy the predom‐
inantly CD21low clonal B‐cell population is gradually substituted by a 
clonal population mostly made of CD21high cells lacking the peculiar 
array of homing and inhibitory receptors typical of CD21low B‐cells. 
In addition, it has been shown12 that after the clearance of HCV, 
clonal B‐cells undergo functional changes in B‐cell receptor signal‐
ling through the extracellular signal‐regulated kinase pathway and in 
their susceptibility to spontaneous apoptosis.

How B‐cell clones can survive for such a long time in the absence 
of the HCV trigger, and whether they may be reactivated by stimuli 
other than HCV are puzzling issues. An appealing possibility is that the 
survival of B‐cell clones after the clearance of HCV is related to the 
poly‐(auto)reactive nature of their BCRs that, besides the still elusive13 
anti‐HCV specificity, are endowed with RF activity.2 Thus, IgG, espe‐
cially in the form of immune complexes, could be the autoantigenic 
trigger responsible for the survival and reactivation of B‐cell clones 
beyond HCV. In this regard, it is of interest that relapses of MCV in 
HCV‐cured patients have been observed in concomitance with re‐
spiratory infections or the occurrence of lung cancer,11 or shortly 
after influenza vaccination.17 In the cohort reported here, one com‐
plete responder had recurrence of purpura and of cryoglobulinaemia TA
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in concomitance with an acute respiratory infection; also notably, a 
lung cancer was diagnosed during antiviral therapy in a patient who 
had dramatic progression of vasculitis despite the clearance of HCV. 
Altogether, these cases suggest that abundant immune complexes 
produced during infections, vaccination or lung cancer18 might re‐
activate B‐cell clones leading to the relapse of MCV. Experiments in 
transgenic mice support the concept that immune complexes can in‐
duce pre‐activated, but not naïve, RF‐producing B‐cells to proliferate 
and secrete antibody.19,20 Similar in vitro experiments with RF‐pro‐
ducing clonal B‐cells of patients may help to clarify a role for immune 
complexes in the pathogenesis of MCV.
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