
IgG4-related disease in pulmonary arterial
hypertension on long-term epoprostenol
treatment

To the Editor:

IgG4-related disease (IgG4-RD) is a recently described systemic fibro-inflammatory condition characterised

by tumefactive lesions and dense lymphoplasmacytic infiltrates rich in IgG4-positive plasma cells [1]. IgG4-

RD has been described in a variety of organ systems, including the lacrimal gland, salivary gland, lungs,

pancreas and kidneys, and often responds favourably to corticosteroids. The pathophysiological

mechanisms for IgG4-RD remain unclear, but type 2 T-helper (Th2) cells are thought to play a critical

role [2, 3]. We recently encountered a patient who developed IgG4-RD during the course of idiopathic

pulmonary arterial hypertension (PAH). After this experience, we carefully examined PAH patients for

IgG4-RD and found four additional cases.

The index case patient was a 19-year-old female who presented with progressive exertional dyspnoea

corresponding to World Health Organization functional class (WHO-FC) II in March 2000. She was

referred to Keio University Hospital (Tokyo, Japan), where complete pulmonary hypertension (PH)

evaluations were conducted. Right heart catheterisation revealed an elevated mean pulmonary arterial

pressure (mPAP) of 67 mmHg and a normal pulmonary arterial wedge pressure of 7 mmHg. There was no

condition or underlying disease that accounted for her PH, leading to the diagnosis of idiopathic PAH. She

was initially treated with warfarin and nifedipine, and an oral prostacyclin analogue, beraprost, was added

in January 2002. 1 year later, her dyspnoea had deteriorated (to WHO-FC III), with marked elevation of the

mPAP (to 95 mmHg). Beraprost was replaced by epoprostenol, and the dosage was gradually increased to

57 ng?kg-1?min-1, resulting in improved symptoms and haemodynamic parameters (mPAP 47 mmHg).

In January 2007, the patient developed chronic sinusitis. Simultaneously, she noticed a gradual enlargement

of bilateral lacrimal, parotid and submandibular glands, and of minor salivary glands of the lips, in

conjunction with intermittent upper abdominal pain (fig. 1a–g). A computed tomography scan revealed

diffuse enlargement of bilateral lacrimal and salivary glands and pancreas. Her serum IgG4 level was

remarkably elevated (to 824 mg?dL-1 from a normal range of ,135 mg?dL-1). Histopathological analysis of

specimens obtained from labial glands showed a dense lymphoplasmacytic infiltrate around the ducts and

acini. The inflammatory infiltrate was mainly composed of CD20+ B-cells and CD138+ plasma cells. The

infiltrating plasma cells were predominantly IgG4-bearing cells, which exceeded 50% of the total plasma

cells. The diagnosis was IgG4-related dacryoadenitis, sialadenitis and pancreatitis. The patient was treated

with 35 mg prednisolone daily and showed prompt improvement of the tumefactive lesions. However,

4 months later, she died of uncontrolled right heart failure due to exacerbation of PAH.

After we encountered the index case in 2007, we examined PAH patients who were being followed at the

specialised PH clinic of Keio University Hospital for IgG4-RD. Between 2008 and 2012, we found four

additional cases of idiopathic/heritable PAH with complicating IgG4-RD during the disease course. To

examine the incidence rate, clinical characteristics and predisposing factors for IgG4-RD in patients with

PAH, we retrospectively obtained clinical information for 75 consecutive patients with idiopathic/heritable

PAH and 40 consecutive patients with PAH associated with connective tissue disease (CTD), who first

visited the specialised PH clinic of Keio University Hospital between 2000 and 2009. IgG4-RD was

diagnosed based on the characteristic organ involvement with elevated serum IgG4 level and/or typical

histopathological findings [4]. All the clinical information was collected in June 2012. The study was

approved by the Keio University Institutional Review Board.

IgG4-RD was observed in five (6.7%) out of the 75 patients with idiopathic/heritable PAH, but in none of

the 40 patients with PAH-CTD. None of the patients without IgG4-RD showed enlarged lacrimal or salivary

glands upon careful physical examination, or an increase in serum IgG4. The incidence rate of IgG4-RD in

patients with idiopathic/heritable PAH was 14.3 per 1000 patient-years. Since the estimated prevalence of

IgG4-RD in Japan was 0.28–1.08 per 100 000 in a community-based study [5], patients with idiopathic/

heritable PAH are at extremely high risk for developing IgG4-RD.
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Table 1 summarises clinical characteristics of the five patients with idiopathic/heritable PAH who developed

IgG4-RD. Interestingly, IgG4-RD occurred during the course of PAH, between 65 and 125 months after

diagnosis of PAH. The lacrimal and salivary glands were symmetrically affected in all five cases, consistent

with a previously recognised condition called Mikulicz disease, while none of them had sicca syndrome or

positive anti-SSA or anti-SSB antibodies, which are typical features of Sjögren’s syndrome. Pancreas

involvement was also detected in two patients. Concomitant onset of allergic diseases was common.

As treatment for the IgG4-RD, four patients received corticosteroids (prednisolone .0.5 mg?kg-1 daily),

and the remaining patient (case 3) was not treated because of an upcoming lung transplant.

Histopathological analysis of lung specimens obtained at transplantation showed focal and dense

lymphoplasmacytic infiltrates around the muscular pulmonary arteries with medial and adventitial

thickening. The infiltrate consisted mainly of CD20+ B-cells and CD138+ plasma cells with an excess of

IgG4-bearing cells (fig. 1h–o). Favourable responses, including resolution of tumorous swellings and

decrease in serum IgG4, were observed in all patients who received corticosteroids, but none of them
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FIGURE 1 a–g) Clinical, radiological and histopathological findings of the index case (case 1) and h–o) histopathological findings of the consecutive lung sections
from case 3. a) Bilateral enlargement of the lacrimal, parotid and submandibular glands. Lips of the mouth were markedly swollen because of beaded enlargement
of the labial glands. b) Computed tomography (CT) scan showed diffusely enlarged bilateral lacrimal glands (arrows). c) CT scan showed a diffusely enlarged
pancreas (arrowheads). d) Haematoxylin and eosin (HE) staining of a labial gland specimen obtained from lip biopsy. A dense lymphoplasmacytic infiltrate was
found in the interstitium around the ducts and acini. e) CD20 immunostaining of the labial gland specimen showed B-cell accumulation predominantly around
the duct. f) CD138 immunostaining of the labial gland specimen showed diffuse infiltrates of plasma cells in the peri-acinal area. g) IgG4 immunostaining of the
labial gland specimen showed a predominance of IgG4-bearing plasma cells. h, i) HE staining showed a focal and dense lymphoplasmacytic infiltrate around the
muscular pulmonary arteries with medial and adventitial thickening. h) Box indicates part of image that is shown at higher magnification in i, k, m and o. j, k)
CD20 immunostaining showed focal B-cell accumulation predominantly around the narrowed pulmonary arteries. l, m) CD138 immunostaining showed focal
infiltrates of plasma cells in the peri-acinal area. n, o) IgG4 immunostaining showed an excess of IgG4-bearing cells. Scale bars: d–f) 250 mm; g, i, k, m, o) 50 mm;
h, j, l, n) 500 mm.
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showed improvement in PAH. None experienced recurrence of IgG4-RD, and one patient died of

exacerbation of the PAH.

Comparisons of the demographic and clinical characteristics of 75 patients with idiopathic/heritable PAH

stratified by the presence or absence of IgG4-RD revealed no significant difference in age, sex, WHO-FC or

haemodynamic parameters at the time of PAH or IgG4-RD diagnosis. Regarding the drugs used to treat the

PAH, all five patients were on epoprostenol when IgG4-RD was diagnosed, while 46 out of 70 patients

without IgG4-RD were treated with epoprostenol (p50.16, Fisher’s exact test). Notably, long-term

treatment with a high concentration of epoprostenol appeared to be a risk factor for development of IgG4-

RD. Specifically, the relative risk for developing IgG4-RD was .14.4 in patients who had received

epoprostenol treatment for .4 years (p50.002), and was .10.2 in patients with accumulated lifetime dose

of epoprostenol .50 mg?kg-1 (p50.006).

This is the first report describing a potential link between PAH and IgG4-RD. Since PAH is observed in

association with various inflammatory conditions, such as CTD, one could speculate that PAH is one of the

manifestations of IgG4-RD. In this regard, lung specimens obtained from one of the cases showed

histological features compatible with IgG4-RD, but it remains unclear how lymphoplasmacytic infiltration

present outside the vasculature contributes to remodelling of pulmonary arteries. IgG4-RD occurred

.5 years after diagnosis of PAH, when the WHO-FC and haemodynamics were stable. In addition,

corticosteroid treatment dramatically improved IgG4-RD but was ineffective for PAH, although rituximab,

a potential agent effective for refractory IgG4-RD [6], was not tried for any of our patients. Conversely,

long-term treatment with a high epoprostenol dose was suggested as a risk for IgG4-RD. Epoprostenol, a

synthetic prostacyclin analogue, exerts its function mainly through a prostaglandin I2 (IP) receptor, but also

through other prostaglandin receptors such as DP1 and EP2 [7]. These receptors are reported to modulate

development and function of T-helper cells [8], such as enhancement of Th2 expansion [9, 10]. It is

intriguing to speculate that long-term exposure to a high concentration of epoprostenol contributes to

IgG4-RD development by shifting the T-helper cell balance to Th2. However, further studies accumulating

similar cases are necessary to clarify a causal relationship between these two conditions.
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IgG4-related disease may be associated with patients with PAH, especially those treated with long-
term epoprostenol http://ow.ly/rFwlO

TABLE 1 Clinical characteristics of patients with idiopathic/heritable pulmonary arterial hypertension (PAH) who developed
IgG4-related disease (IgG4-RD) during the course of the disease

Case

1# 2 3 4 5

Age at IgG4-RD diagnosis years 26 36 54 70 48
Sex Female Female Female Female Female
Classification of PAH Idiopathic Idiopathic Idiopathic Heritable Idiopathic
Interval between diagnoses of

PAH and IgG4-RD months
78 69 65 125 82

Organ involvement of IgG4-RD Lacrimal and
salivary glands,

pancreas

Lacrimal and
salivary glands

Lacrimal and
salivary glands

Lacrimal and
salivary glands

Lacrimal and
salivary glands,

pancreas
Serum IgG4 level at diagnosis of

IgG4-RD mg?dL-1
824 1190 896 2220 92

Concomitant allergic disease Chronic sinusitis Bronchial asthma None Chronic sinusitis Chronic sinusitis
PAH drugs at IgG4-RD diagnosis Epoprostenol Epoprostenol,

bosentan
Epoprostenol,

sildenafil
Epoprostenol,

bosentan,
sildenafil

Epoprostenol,
bosentan,
sildenafil

Duration of epoprostenol
treatment at IgG4-RD
diagnosis months

61 60 65 54 79

Maximum dose of epoprostenol
ng?kg-1?min-1

85 33 57 53 93

Accumulated lifetime dose of
epoprostenol mg?kg-1

73 71 78 64 96

#: index case.
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Point-of-care urine test for assessing
adherence to isoniazid treatment for
tuberculosis

To the Editor:

Good adherence to treatment for tuberculosis (TB) is essential, both to cure disease and prevent

development of drug resistance. Adherence to chemoprophylaxis (preventive therapy) for latent TB

infection (LTBI) is particularly poor [1].

Methods for measuring adherence to TB medication include detecting urine colour change due to the

presence of rifampicin. However, this effect is short lived, peaking at 2–6 h and is only seen in ,50% of

patients [2]. Directly observed therapy (DOT) will ensure adherence to antituberculous treatment, but this

can be unacceptable and many patients do not tolerate a three times a week regimen. DOT is costly in terms

of personnel and is seldom employed in chemoprophylaxis patients [1]. The highly reliable Arkansas

method for detecting isoniazid metabolites in urine relies on a laboratory colorimetric assay, involving

adding drops of prepared solutions of reagents, including potassium cyanide, to a urine sample [3]. There

are obvious risks involved in handling and storing the reagents.

IsoScreen (GFC Diagnostics, Bicester, UK) uses the reagents of the Arkansas Method but in an enclosed

plastic testing device (SafeTube; GFC Diagnostics), allowing safe and rapid point-of-care testing in clinics

and patients’ homes [2]. The urine colour change is apparent within a few seconds but 5 min is allowed to

ensure stable colour development. Purple or blue samples are deemed positive, green intermediate and
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