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ABSTRACT

An 83-year-old man presented with weight loss,digadenopathies, anicteric
cholestasis, and a striking hypergammaglobulinekiéadeveloped renal failure with tubular
proteinuria. Investigations revealed pronouncedeiase of serum polyclonal IgG1, IgG3 and
IgG4, and salivary gland and kidney interstitiurfilirates that included B-lymphocytes, T-
lymphocytes and IgG3+ and IgG4+ plasma cells. Rkaidy, lymph node B-cell follicles
germinal centers were invaded by numerous T-aeldstly CD4+. The diagnosis was 1gG4-
related systemic disease. Rituximab (375 mg/m2/viee#k weeks) induced a dramatic and
sustained clinical and biological improvement.
To date, very little is known on the mechanismsaulyihg IgG4-related systemic disease. In
addition to perfectly illustrate the broad spectroithis protean condition, the present case
provides further insights on its pathophysiologhe¥efficacy of rituximab suggests a critical
role of CD20+ B-cells in the disease clinical exgsien and progression. The overexpression
of IgG1 and IgG3, in addition to IgG4, and the walsabundance of CD4+ T-cells in
germinal centers of the B-cell follicles pointsa@ossible role of B follicular helper T-cells

in enhancing a skewed B-cell terminal maturation.



INTRODUCTION

IgG4-related systemic disease (IgG4-RSD) is culyeatognized worldwide as a
single and enigmatic condition (1). This proteasodier covers an increasing variety of
lesions including the so-called “autoimmune panis&(1-6). Renal involvement, which
mainly relates to interstitial nephritis, has beecently characterized (7). Little is known yet
about the underlying mechanisms, and few reponte Bgstematically studied all 1IgG
subclasses and evoked the possible implicationa#llE (4,5). We describe an observation of
IgG4-RSD that suggests a role of follicular helpearells in enhanced terminal B-cell

maturation.

CASE REPORT

An 83 year-old Chinese man, with a history of pohary tuberculosis and 60 pack-
year smoking, was hospitalized for progressive dgapa 12 kg weight loss, and abdominal
pain. Physical examination was remarkable for érkdtcrackles and slightly swollen inguinal
lymph nodes. Laboratory tests revealed: aspartateadransferase 69 U/L alanine
aminotransferase 64 U/L, alkaline phosphatase 365damma-glutamyltransferase 203
U/L, serum creatinine (1.06 mg/dL (94 pmol/L), esited glomerular filtration rate (eGFR)
66 mL/min/1.73 m? (1.1 mL/s/1.73 m?) according teatiable Modified of Diet in Renal
Disease (MDRD) Study equation), normal levels &fuiin, lipase, CRP, and lactate
dehydrogenase. Serum protein electrophoresis shawédtuse hypergammaglobulinemia
(5.2 g/dL (52 g/L)). Chest computed tomography sesealed lung parenchyma changes and
lymphadenopathies. Sputum and bronchoscopic as@na¢ars were negative for acid-fast
bacilli. Abdominal computed tomography scan showdidry tree enlargement. Endoscopic
ultrasonography showed a pancreas of heterogemebostructure. The main bile duct was

enlarged, with a stricture just above the papflaphincterotomy was performed.



Three months later, the patient reported mild xerag. Minor salivary gland biopsy
showed a dense infiltration of lymphocytes andmplagells, with periductal fibrosis. Serum
creatinine increased to 1.58 mg/dL (140 pmol/l, BAR mL/min/1.73 m2 (0.7 mL/s/1.73
m2)). The patient was referred for persistent réaalre.

Examination disclosed a further 7 kg weight losd axillary and inguinal
lymphadenopathies. Renal ultrasound showed norinedi&idneys but mild left
hydronephrosis, which did not require ureteral gmdthesis. Magnetic resonance imaging
confirmed local retroperitoneal fibrosis. Laborgtdata are summarized Treble 1.

Urinalysis revealed a tubular proteinuria (1.5 gjdaut neither hematuria nor leukocyturia.
Anicteric cholestasis and bile duct enlargemenevatitl observed. TSH level was increased.
Antinuclear antibodies were positive (>1:1280). ilsthooth-muscle and antineutrophil
cytoplasmic antibodies with anti-MPO specificitynealso positive. However, testing for
antibodies to double-stranded DNA, ENA includingdSshd SSB,

Liver/Kidney/Microsomes, and mitochondria, as vaslrheumatoid factor and cryoglobulin,
was negative. The hemolytic complement activity eachponents C3 and C4 were decreased
to 3% (NR>50%), 0.25 mg/mLNR=0.9-1.74 mg/mL) and <0.03 mg/mNR=0.22-0.51
mg/mL), respectively. Testing for HIV, hepatitisitus, HTLV and HHV-8 was negative.
Blood tests for hepatitis B virus, HHV-6, EBV antl¥ indicated cured infections. There
was a striking elevation of serum IgG (8100 mg/8L ¢/L),NR=660-1240 mg/dL) and
immunoglobulin free light chainsppa (1080 mg/LNR=3.3-19.4 mg/L) antmbda (372
mg/L, NR=5.7-26.3 mg/L). Serum IgG subclasses measuredimpetitive ELISA with
monoclonal antibodies (8) showed increased IgG0E6Ag/dL), IgG3 (1950 mg/dL) and
lgG4 levels (1750 mg/dL), and normal IgG2 (330 nby/d otal IgE level was increased
(1295 U/mI,NR<150 U/ml). Serum IgA level was normal (240 mg/@4Q0 mg/L),NR=101-

320 mg/dL), IgM in the lower-normal range (52 mg/&20 mg/L),NR=48-137 mg/dL).



The axillary lymph node biopsyi(gure 1A) exhibited lymphoid follicular
hyperplasia, and the remarkable presence of nuragasma cells mainly in interfollicular
zones. Upon immunostaining for intra-cytoplasmiG1g 1gG2, 1IgG3 and 1gG4 (monoclonal
antibodies, clones 4E3, HP6014, ZG4 and MCO011 eatgely), almost all were 1gG4+
(57%) or IgG3+ (42.8%). Another striking featuresabe quite unusual abundance of CD4+
T-cells inside light zones of germinal centers, aithivas not found in controls. CD8+ cells
were also found in germinal centers. The kidneyp$yoFigure 1B) displayed a heavy
interstitial cellular infiltrate including B- and-lymphocytes together with plasma cells, most
of which stained for IgG3 (60.7%) and 1gG4 (32.5%iudies of the salivary gland biopsy
(Figure 1C) also revealed abundant infiltrates of B-lymphesytT-lymphocytes and plasma
cells that stained for IgG3 or IgG4 (42% and 44éspectively).

In spite of distinctive features such as remankaiyh serum levels of IgG1 and IgG3
in addition to 1gG4, a diagnosis of IgG4-relatedtsynic disease (IgG4-RSD) was retained
because of dense 1gG4+ plasma-cell infiltratiomdtly swollen lymph nodes with follicular
hyperplasia, tubulo-interstitial nephritis, lympp@asmacytic sialadenitis, retroperitoneal
fibrosis, bile duct involvement, and subclinicaployhyroidism.

While renal function improved, the patient remaieatremely altered. In order to avoid the
side effects of steroids in this elderly patieng, administered four weekly infusions of
rituximab (375 mg/m?/week). The patient presenteshpt clinical and biological

improvement (able 1).

DISCUSSION
We describe an elderly patient who presented muittti-organ involvement,
polyclonal hypergammaglobulinemia, huge increasseadim IgG1, 1gG3 and 19G4, and

IgG3+ and IgG4+ plasma cell tissue infiltratesniy Sjogren’s syndrome and other



autoimmune diseases, as well as infectious or lyppiiferative conditions were ruled out.
Altogether, IgG4-RSD brought unity to all obsenradnifestations. This protean condition is
currently recognized worldwide and associates adspectrum of inflammatory and
sclerosing lesionsT@ble 2) (1-7).

IgG4-RSD renal involvement mainly relates to tulmtlerstitial nephritis with
infiltration of lymphocytes and plasma cells thahdead to renal failure (7). So far, neither
proximal nor distal tubular dysfunctions have bdeacribed. Glomerular involvement,
particularly membranous nephropathy with IgG4 déppsan occur in association with
plasma-cell tubulointerstitial nephritis (7). Itneteworthy that IgG4 also predominates in
idiopathic membranous nephropathy-related depdsitthey tumor-like lesions with dense
lgG4+ plasma-cell infiltrate and other urologicasions have also been reported (2-7).

Steroids are the mainstay of IgG4-RSD treatme) (4 here is no consensus on the
overall duration of steroid treatment, but withdehwhould be attempted in controlled
disease. Despite initial improvement, the long-teutcome remains uncertain and relapse
occurs in 30-40% of cases (9). Only scarce dathewff-label use of rituximab in IgG4-
RSD are available: patients who were refractorstéooids dramatically improved under anti-
CD20 therapy (10,11). In the present case, ritukimduced a prompt and sustained
improvement. This may be explained by the relayiveimerous CD20+ infiltrating B-
lymphocytes that might participate in the sclerggnocess. However, long-term follow-up is
necessary before considering rituximab as an @teeor complementary drug to steroids.

Although the present case is in line with the autrgescription of IgG4-RSD, some
unusual features may shed light on the pathophogyolA direct role of IgG4 would be a
priori surprising, as it has been characterizeanaanti-inflammatory immunoglobulin isotype
(12). Moreover, serum IgG4 level may be normal &llxgharacterized systemic sclerosing

diseases and autoimmune pancreatitis (13). Inlosgreation, IgG1 and IgG3 were elevated



together with 1IgG4 and IgE, and tissue infiltratipigsma cells mostly expressed IgG4 and
IgG3. Hypocomplementemia and increased serum lg@&isnore frequent in patients with
interstitial nephritis in a recent series of 25¢ats with IgG4-RSD (Mikael Ebbet al .,
submitted for publication). Interestingly, abund@rntells in the germinal center of light
zones relate either to an abnormal proliferatiofothicular B helper T-cells (Tfh) or to the
attraction of other T-cells into these regions #at specialized in B-cell terminal maturation
and immunoglobulin class switch (5,14,15). Thedagecrease of IgG1, IgG3 and IgG4
serum levels after rituximab initiation suggestt tB-cell activation by Tfh cells raises short-
lived plasma cells. Enhanced T-B cooperation coeddlt in skewed isotype switch,
exacerbated B-cell proliferation and terminal matian, and rapid turn-over of disease-
associated plasma cells (4,10,16). A specific camemnt to IgG1, IgG3 and IgG4 may result
from cytokines such as IL-4, IL-10 and IL-21 thag alassically produced by Tfh cells and
may act as switch factors (4,12,14,16-19). Altezhyator in addition, other yet undefined
anomalies upstream of B-cell maturation eventsatenplain the bias in Ig isotypes
(4,12,16).

In summary, renal manifestations clearly fall withine broad-spectrum of IgG4-RSD.
The present case underscores that increased sg@dridvel and infiltration by IgG4+
plasma cells may only reflect one of the imbalangéslisotypes. The dramatic effect of
rituximab also points to a key role of CD20+ B-sefl disease progression and a possible
enhancement of T-B cooperation as a key pathogegaaess in IgG4-RSD. A careful
analysis of infiltrating T- and B-cells, and cytokiprofile, may provide further insights on
class-switch process and B-cell terminal maturasiod shed light on the yet undefined

primary events underscoring this puzzling condition
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Table 1: Weight and laboratory data before (M0O) and 1, 6ad@ 18 months following

rituximab administration.

Weight (kg)

Biological findings
Hemoglobin (g/dL)
Alkaline phosphatase (U/L)

Gamma-glutamyltransferase (U/L)

TSH (mIU/L)
Serum creatinine (mg/dL)
eGFR* (mL/min/1.73m2)
Proteinuria (g/day)
Serum Electrophoresis
Protein (g/dL)
Gammaglobulins (g/dL)
Albumin (g/dL)
Serum IgG levels** (mg/dL)
IgE levels (1U/ml)
Serum 1gG subclass***

IgG1 (mg/dL)

IgG2 (mg/dL)

IgG3 (mg/dL)

IgG4 (mg/dL)

Nor mal
reference
Range

75

12 -18
30- 115
<50

0.3-3.6
0.5-1.01

> 60

<0.15

6.5-75
0.55-1.1
3.8-45
660— 1240
<150

400 - 980
60 - 590
18-80
<1-160

Before
treatment

MO
55

8.9
369
207
8.1
1.58
42
1.5-2.5

11.9
8.4
2.2
8100
1295

6000
330

1950
1750

Time after rituximab administration

M1
56

10.3
255
157

1.05
67
15

9.5
5.17

5100

4200
440
1530
830

M 6
66

12.9
86
24
4.2
1.01
70
0.28

8.3
2.65

3.93
2780

2320
425
115
140

M 12
70

13.4
116
22

1.96
071.
66
0.35

8.7
2.64
414
2470

1740
340
100
56

M18
70

12.8
19
24

1.00
71
1580

8.0
2.53
3.85
2390
744

* eGFR was calculated using 4-variable Migdifion of Diet in Renal Disease (MDRD) Study edpmat
**  Serum IgG levels were measured by nephelgmetr
***  Serum IgG subclass levels were measured by ettimp ELISA with monoclonal antibodies (ref. 8ormal ranges are
given for healthy adults. The normal range levélg&4 are given for males.
Note: Conversion factors for units: hemoglobin in g/dlgfL, x10; serum creatinine in mg/dL to pmol/B8x4; eGFR in
mL/min/1.73 m2 to mL/s/1.73 m2, x0.01667; serumt@irmin g/dL to g/L, x10; serum gammaglobulins fdigto g/L, x10; serum
albumin in g/dL to g/L, x10; serum IgG levels in faig to g/L, x0.01; and serum IgG subclass in mgflimg/ml, x0.01. No
conversion necessary for alkaline phosphatase (daAmhma-glutamyltransferase (U/L), thyroid stimuigthormone (mlU/L), and

proteinuria (g/day).

Abbreviations: eGFR, estimated glomerular filtration rate; T3yroid-stimulating hormone.




Table2: The hallmarks and clinical spectrum of IgG4-relaggdtemic disease (IgG4-RSD)
(ref. 1-7).

THE HALLMARKS OF 1gG4-RSD

1- Histological hallmarks
- pronounced lgG4+ polyclonal plasma cells and T Igogytes infiltration of various organs
- sclerosis and obliterative phlebitis.
2- Biological hallmarks
- high 1gG4 serum leve(135 mg/dL)
- increased serum IgG levet (800 mg/dL)
- hypergammaglobulinemi& 2.0 g/dL) without monoclonal component
- +/-increased serum IgE
3- Presence of auto-antibodies (including antinucéedibodies and rheumatoid factor)
- without definite auto-immune disorder
- anti-SS-A/SS-B antibodies are almost always negativ
4- Marked improvement with steroid therapy

THE CLINICAL SPECTRUM OF 1gG4-RSD

Pancreas - Autoimmune pancreatitis (type 1), chronic sclexgpancreatitis.
Hepatobiliary system - Stricture of the bile ducts, Sclerosing cholaisgit
- Sclerosing cholecystitis
- Hepatic “inflammatory” pseudotumor”, IgG4-hepadtipy
Lymph nodes - Lymphadenopathy with at least five histologicalbtypes:
- Castleman’s disease-like morphology
- Reactive follicular hyperplasia
- Interfollicular plasmacytosis and immunoblastosis
- Progressive transformation of germinal center-like
- Inflammatory pseudotumor-like

Salivary and lacrimal gland - Sclerosing sialadenitis (Kuttner tumor), Mikulidisease
- Sclerosing dacryoadenitis
Kidney - Tubulo-interstitial nephritis

- Pseudo-tumors of the kidney
- Membranous nephropathy

Retroperitoneum - Retroperitoneal fibrosis with obstructive uropath
Thyroid gland - Chronic thyroiditis, subclinical hypothyroidism
Mesentery, Aorta, and M ediastinum -Multifocal fibrosclerosis

-Sclerosing mesenteritis, mediastinal fibrosis
-Periaortitis, Inflammatory aortic aneurysm

Lung and Pleura - Interstitial pneumonia, nodular lesions
Stomach and Colon - Chronic gastritis
- Chronic (+/- ulcerative) colitis
Prostate - Sclerosing prostatitis
Central nervous system - Sclerosing Hypophysitis, pachymeningitis
Other lesions - Inflammatory and sclerosing pseudo-tumors (lik@ney, orbit, breast,

lung, and brain...)
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Figure 1 Legend:

(A) Histological and immunohistochemical analyses of lymph nodes from the patient

and a control with lymphoid follicular hyperplasia. Hematoxylin and eosin staining (HE,
original magnification, x 200) showed lymphoid folllar hyperplasia in both the patient’s
axillary lymph node and a control patient with Hifection. Another non metastatic lymph
node from a patient with colonic cancer was analya®a control and showed similar
histological findings (data not shown)). B-lymphtey, plasma cells, and T-lymphocytes
were labeled for CD20, CD138, and CD3, respectjvaahyg for CD4, and CD8 markers.
Immunostaining for intracytoplasmic IgG subclassas performed using monoclonal
antibodies directed to human IgG1, 19G2, IgG3 ayj@4 (clones 4E3, HP6014, ZG4 and
MCO011, diluted 1:10, 1:10, 1:20000 and 1:200, respely). Numerous CD138+ plasma
cells were present, as compared with controls, wioshich were located in the
interfollicular regions (64% of nucleated cellshrhunostaining for intracytoplasmic 1gG
subclasses demonstrated that most plasma celis interfollicular zones contained either
IgG3 (42.8%) or IgG4 (57%), which was not observethe controls (data not shown). The
topography of CD3+ T-cells was quite unusual ingh@ent, as compared with controls, with
most CD4+ T-cells (62%)) infiltrating the light zanef germinal centers. CD8+ T-cells were
also found in the germinal centers. These findimgee not found in the two control patients
with follicular hyperplasia.

(B) Histological and immunohistochemical findingsin therenal tissue. Light microscopy
(Masson trichrome (MT); original magnification x@)revealed 16 glomeruli, three of which
were fibrotic. The remainder 13 glomeruli were natn®nly 10-20% of tubules showed
atrophic changes but no marked tubulitis. The stiitnm showed diffuse and marked renal
interstitial mononuclear cells infiltration consmgj of CD3+ T- and CD20+ B-lymphocytes,
and numerous CD138+ plasma cells representing 33L.3% and 54% of the cells,
respectively. Immunofluorescence study revealedxtcellular immunoglobulin deposits.
Immunostaining for intracytoplasmic IgG1 (data sbbwn), IgG2 (data not shown), IgG3
(inset: original magnification, x 1000), and IgGiget: original magnification, x 1000)
subclasses, performed as in the axillary lymph nozleealed that most plasma cells stained
for 1I9G3 (60.7%) and 1gG4 (32.5%).

(C) Histological and immunohistochemical findingsin the minor salivary gland tissue.
Light microscopy (hematoxylin and eosin (HE); onigli magnification x 100) revealed
periductal fibrosis with a similar infiltration @hononuclear cells consisting of CD3+ T- and
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CD20+ B-lymphocytes, and plasma cells (stainingoimthkappa andlambda light chains,
data not shown), which represented 40%, 10%, afel &lthe cells, respectively.
Immunostaining for intracytoplasmic IgG1 (data sbbwn), IgG2 (data not shown), IgG3
(inset: original magnification, x 1000), and IgGihget: original magnification, x 1000)
subclasses revealed that most plasma cells stinégic3 (42%) and 1gG4 (44%).
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