
Zhang et al. BMC Pulmonary Medicine          (2023) 23:248  
https://doi.org/10.1186/s12890-023-02542-0

CASE REPORT Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Pulmonary Medicine

Rapidly progressive interstitial lung 
disease combined with pneumocystis 
jiroveci pneumonia in a patient with single 
anti-TIF-1γ antibody positive dermatomyositis 
in the context of an underlying tumor
Hengzhe Zhang1,2, Jinfeng Yue2, Xiaohui Hou1,2, Hongjun Lu3, Arezou Bikdeli1, Haipeng Guo2, Hao Li4 and 
Daqing Li1* 

Abstract 

Background Interstitial lung disease (ILD) is a frequently observed comorbidity in autoimmune diseases such as der-
matomyositis/polymyositis (DM/PM), and it is significantly associated with specific autoantibody types. One unique 
antibody type is the anti-transcription intermediate factor-1γ antibody (anti-TIF-1γ Ab), which has a positive rate 
of only 7%. It is often found in combination with malignancy and rarely with ILD, particularly rapidly progressive ILD 
(RPILD). In some cases, the presence of ILD in individuals with DM may indicate a paraneoplastic syndrome. Pneumo-
cystis jiroveci pneumonia (PJP) typically occurs due to intensive immunosuppressive therapy, human immunodefi-
ciency virus (HIV) infection, or malignancy, and rarely as an isolated condition.

Case presentation A 52-year-old man with a history of rapid weight loss but non-HIV infected and not immunosup-
pressed who presented with fever, cough, dyspnea, weakness of the extremities, characteristic rash and mechanic’s 
hand. Pathogenic tests suggested PJP, laboratory tests suggested a single anti-TIF-1γ Ab positive DM, imaging sug-
gested ILD, and pathology revealed no malignancy. RPILD and acute respiratory distress syndrome (ARDS) developed 
after anti-infection and steroid hormone therapy. After mechanical support therapy such as Extracorporeal Membrane 
Oxygenation (ECMO), the patient developed late-onset cytomegalovirus pneumonia (CMVP), complicated bacterial 
infection, and ultimately death. Additionally, we discuss the potential causes of rapid weight loss, the mechanisms 
by which anti-TIF-1γ Ab may lead to ILD, and the possible connection between anti-TIF-1γ Ab positivity, rapid weight 
loss, immune abnormalities, and opportunistic infections.

Conclusions This case emphasizes the importance of early recognition of malignant tumors and pulmonary lesions, 
assessment of the body’s immune status, prompt initiation of immunosuppressive treatment, and prevention 
of opportunistic infections in individuals with single anti-TIF-1γ Ab positive DM presenting with rapid weight loss.
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Introduction
Dermatomyositis (DM) is a chronic autoimmune dis-
ease that commonly affects multiple organs, including 
the skin, transverse muscles, and lungs. The pathology 
of DM is characterized by tissue infiltration of inflam-
matory cells [1, 2]. Clinical practice has identified vari-
ous myositis-specific autoantibodies (MSAs), such as 
anti-synthetic enzyme antibody and anti-melanoma 
differentiation associated gene 5 antibody (anti-MDA5 
Ab). Among these, anti-histidyl tRNA synthetase 
antibody (anti-Jo-1 Ab) is the most prevalent, with a 
detection rate of approximately 18.7% in the European 
idiopathic inflammatory myopathies (IIM) population. 
On the other hand, the positive rate for anti-TIF-1γ 
Ab is only 7%, and the incidence of single positive anti-
TIF-1γ Ab is as low as 6.4% [3]. It is noteworthy that 
anti-TIF-1γ Ab positive DM typically manifests with 
symptoms like dysphagia, cutaneous manifestations, 
or malignancies such as lung cancer, colon cancer, and 
non-Hodgkin’s lymphoma, but it rarely leads to ILD 
[4, 5]. Long-term follow-up studies have demonstrated 
that patients with DM often have an increased risk of 
developing malignancies, with a standardized incidence 
ratio of approximately 5.50 (95% CI, 4.31–6.70). DM 
can also be diagnosed as a paraneoplastic syndrome 
before the detection of solid tumors, although it is 
less frequently associated with ILD (OR, 0.11; 95% CI, 
0.02–0.51) [6, 7]. PJP is an opportunistic infection that 
typically occurs as a late complication in patients with 
HIV, malignancy, or long-term immunosuppression, 
often resulting in deterioration or even death [8, 9]. The 
occurrence of ILD in anti-TIF-1γ Ab positive DM/PM 
patients is rare, with an incidence of only 1.7% reported 
in a Japanese study, and the levels of this antibody sig-
nificantly correlate with disease activity [10]. However, 
to the best of our knowledge, this is the first reported 
case of a single anti-TIF-1γ Ab positive DM patient 
with ILD as a potential manifestation of paraneoplastic 
syndrome in the presence of an underlying tumor con-
text. Additionally, the development of PJP and RPILD 
in the absence of HIV infection and prior immunosup-
pression is remarkable. Despite receiving medication 
and mechanical support, the patient developed acute 
respiratory distress syndrome (ARDS) and respira-
tory failure (RF), and experienced late complications of 
CMVP and complicated bacterial infections, ultimately 
leading to death.

Case presentation
The 52-year-old overweight male experienced a red rash 
with mild itching on the neck, back, and extensor sur-
faces of the elbow joints six months ago. The rash gradu-
ally faded, leaving behind dry skin, slight flaking, and 
hyperpigmentation by March 2022. However, in Sep-
tember 2022, he sought medical attention at the respira-
tory medicine department due to recurring symptoms. 
His symptoms included afternoon fever with a maxi-
mum temperature of 37.5°C, cough, sputum production, 
dyspnea, weakness, and limb aching. The patient did not 
have a history of using immunosuppressive drugs, and 
multiple tests came back negative for HIV. Notably, he 
had undergone significant weight loss of approximately 
40 kg over the past 10 months through diet and exercise. 
In terms of his medical history, the patient had a 5-year 
history of hypertension and a 3-year history of drinking 
alcohol, though he was currently abstinent from alcohol 
consumption. His height was 177cm, weight was 82  kg, 
 PaO2 (arterial blood oxygen partial pressure): 87 mmHg, 
 PaCO2 (arterial blood carbon dioxide partial pressure): 
30  mmHg,  SO2 (saturation oxygen): 90%, lactic acid: 
1.1  mmol/l. Clinical examination findings: temperature: 
37°C, pulse: 84 beats/min, blood pressure: 131/81 mmHg, 
no obvious dysphagia, no joint pain, no neurological 
abnormalities. Skin findings: tiny red rashes under the 
neck and on the radial side of the fingers, rough skin 
on the tips and periphery of the fingers, and a few dark 
purple blebs around the nail bed. The results of the first 
admission laboratory tests are shown in Table 1(a).

The chest CT (Fig.  1 A, B) revealed that multiple 
ground glass density patchy and grid shadows in both 
lobes of the lung, with more severity in the right lung, 
which suggested pulmonary infection and interstitial lung 
lesions. Bronchoscopy revealed congestion of the bron-
chial mucosa. The next generation sequencing (NGS) 
of bronchoalveolar lavage solution (BLS) identified only 
nucleic acid sequences of Pneumocystis jirovecii (235kb), 
confirming the presence of Pneumocystis jirovecii colo-
nization. After 7  days of treatment with Itraconazole 
and Piperacillin-tabazotam, there was no improvement 
in fever or respiratory symptoms. Subsequent chest CT 
(Fig.  1 C, D) revealed increased inflammatory exudate 
in both lungs, along with lattice-like and pavement-like 
lesions. Following treatment with oral and intravenous 
Cotrimoxazole, the patient’s fever resolved, and res-
piratory symptoms improved. The effective response 
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Table 1 Laboratory blood text and autoimmune antibodies findings on admission (September 2022)

(a). Laboratory blood text items Results Reference values

WBC (×  109/L) 8.03 3.5–9.5

RBC (× 109/L) 4.04 4.3–5.8

Hemoglobin(g/L) 120 130–175

Platelet (× 109/L) 377 125–350

Neutrophil (× 109/L) 7.53 1.8–6.3

Lymphocyte (× 109/L) 0.42 1.1–3.2

C-reactive protein (mg/L) 25.19 < 6

Erythrocyte sedimentation rate (mm/h) 42 0–15

IL-6 (pg/mL) 146 0–7

(1,3)-β-D-glucan (pg/mL) 170.01 70.00–95.00

Galactomannan Negative -

Cryptococcus podophyllum polysaccharide antigen Negative -

TB-ELISPOT Negative -

HIV Negative -

HBV, HCV Negative -

COVID-19 Negative -

IgE (IU/mL) 348 < 100

Carcinoembryonic antigen (ng/mL) 28.2 0–5.0

Cytokeratin 19 fragment (ng/mL) 9.9 0–3.3

Neuron specific enolase (ng/mL) 35.2 0–16.3

ALT (U/L) 39 9–50

AST (U/L) 53 15–40

Albumin (g/L) 24 40.0–55.0

Globulin (g/L) 33 20.0–40.0

BUN (mmol/L) 5 2.3–7.8

Cr (μmol/L) 46 62–115

LDH (U/L) 539 120–230

CK (ng/mL) 38 38–174

CK-MB (ng/mL) 4 0.3–4.0

CD19 + B Lymphocyte (/μL) 209 107–698

CD3 + T Lymphocyte (/μL) 340 603–2990

CD4 + T Lymphocyte (/μL) 233 441–2156

CD8 + T Lymphocyte (/μL) 110 125–1312

NK cell (μL) 34 95–640

(b). Autoimmune antibodies

Anti-SSA antibody Negative -

Anti-SSB antibody Negative -

Anti-Sm antibody Negative -

Anti-dsDNA antibody(IU/ml) Negative -

Anti-CCP antibody(RU/ml) 11.05 < 25

Rheumatoid factor(IU/ml) < 30 < 30

PR3-ANCA(U/ml) 2.12 < 5

MPO-ANCA(U/ml) 2.06 < 5

ACL-IgG(U/ml) 7.39 < 10

ACL-IgM(U/ml) 1.56 < 10

Anti Jo-1 antibody Negative > 5 AU

Anti PL-7 antibody Negative > 5 AU

Anti PL-12 antibody Negative > 5 AU

Anti EJ antibody Negative > 5 AU
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to anti-PJP treatment further supported the diagno-
sis of PJP. It’s important to note that NGS is considered 
the gold standard for diagnosing Pneumocystis jirovecii 
colonization, and the combination of the patient’s clini-
cal symptoms, signs, imaging findings, and response to 
treatment all contribute to confirming the diagnosis of 
PJP [11].

The results of the MSAs assay indicated that only anti-
TIF-1γ Ab IgG was positive (Test method: Line blot 
assays; Sensitivity: 40%; Specificity: 96%; Anti-TIF-1γ Ab 
content: 22 AU), as shown in Table 1(b) [12]. Muscle and 
skin biopsies were not performed due to a probability 
of over 90% of DM based on the International Myositis 
Classification Criteria Project (IMCCP) (age > 50  years: 
2.1; characteristic rash and mechanic’s hand: 2.1; Anti-
TIF-1γ Ab positive, as well as elevated aspartate ami-
notransferase and lactate dehydrogenase: 5.2; overall 
score: 9.4 > 7.5, corresponding to a probability of 90%) 
[13]. To rule out the possibility of a tumor, a PET-CT 
scan revealed interstitial changes in both lungs, emphy-
sema, benign high fluorodeoxyglucose  (FDG) uptake in 
multiple muscle tissues, and no tumor FDG high uptake 
was detected (Fig.  1E, SUV maximum for lung tissue: 
2.67, mean: 0.74; SUV maximum for upper limb mus-
cle tissue: 2.58, mean: 1.05). An SUVmax > 2.4 for lung 
FDG uptake has been reported as a sensitive indicator 
for the diagnosis of RPILD [14]. Additionally, no tumor 
was found on bone marrow aspiration cytology and 

pathology (Fig. 2 A-C). Therefore, the patient was treated 
with intravenous steroids and human immunoglobulin 
while continuing anti-infective treatment. After 3  days 
of treatment, the patient suddenly developed respiratory 
distress, became unconscious and entered a coma. Blood 
gas analysis revealed  PaCO2: 37 mmHg,  PaO2: 44 mmHg, 
Lac: 3.4  mmol/l and  SO2: 60%. Ultrasound examination 
showed the presence of massive B lines in the lungs.

Consequently, the patient was transferred to the inten-
sive care unit for further treatment. A chest CT scan 
(Fig.  1 F, G) revealed inflammation in both lungs with 
partial solidity and signs of bronchial inflation. Consider-
ing the patient’s symptoms and investigative findings, DM 
related RPILD, ARDS, and RF were suspected. Tracheot-
omy intubation, low tidal volume (6  ml/kg), continuous 
positive end-expiratory pressure invasive ventilation, VV-
ECMO, and continuous renal replacement therapy were 
administered. After 1 week, bronchoscopy was repeated, 
and NGS testing for Pneumocystis jirovecii did not 
reveal any presence of the pathogen. Serum (1,3)-β-D-
glucan and galactomannan tests were negative. Intensive 
immunosuppressive therapy was initiated based on the 
recommendation of the rheumatologist, including the 
administration of methylprednisolone and cyclophos-
phamide. After 2  weeks of treatment, the patient began 
producing a large amount of yellowish-white mucous 
sputum. Bronchoscopy revealed significant retention of 
viscous yellowish-white sputum in both lungs. Aspiration 

Table 1 (continued)

(a). Laboratory blood text items Results Reference values

Anti SRP antibody Negative > 5 AU

Anti Mi-2 antibody Negative > 5 AU

Anti MDA-5 antibody Negative > 5 AU

Anti TIF-1γ antibody 22 > 5 AU

Anti SSA/Ro52 antibody Negative > 5 AU

Anti SAE-1 antibody Negative > 5 AU

Anti SAE-2 antibody Negative > 5 AU

Anti NXP-2 antibody Negative > 5 AU

Anti OJ antibody Negative > 5 AU

Anti KS antibody Negative > 5 AU

Anti ZO antibody Negative > 5 AU

Anti HA antibody Negative > 5 AU

Anti Scl-70 antibody Negative > 5 AU

Anti PM-Scl-100 antibody Negative > 5 AU

Anti PM-Scl-75 antibody Negative > 5 AU

Anti Ku antibody Negative > 5 AU

Anti RNA-P III antibody Negative > 5 AU

Anti Th-To antibody Negative > 5 AU

Anti Fibrillarin antibody Negative > 5 AU

Anti NOR-90 antibody Negative > 5 AU
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therapy was performed, and sputum culture and drug 
sensitivity testing were conducted, which indicated a 
mixed infection of Klebsiella pneumoniae and Acineto-
bacter baumannii.

Subsequently, a chest CT scan (Fig. 1 H, I) showed no 
significant improvement in lung inflammation compared 
to previous scans, with persistent solid lung changes and 
significant interstitial inflammation. Consequently, the 
antibiotic regimen was upgraded to Imipenem and Pol-
ymyxin E. Despite several attempts to wean the patient 
off ECMO, adequate oxygen saturation and blood pres-
sure could not be maintained. A follow-up chest CT scan 

(Fig. 1 J, K) revealed multiple areas of interstitial inflam-
mation in both lungs, along with pulmonary solidity 
and atelectasis. Informed consent from the family was 
obtained, and ECMO support was discontinued. A CT-
guided puncture biopsy of the lung tissue was performed, 
revealing pathological findings indicative of chronic 
inflammation and interstitial edema. Mild atypical hyper-
plasia of the alveolar epithelium and foam cell hyper-
plasia in the alveolar lumen were also observed. Focal 
necrosis with detectable viral inclusion bodies (Fig. 2 D, 
E) was present, and immunohistochemistry suggested 
CMV infection (Fig.  2 F-I). Based on these findings, 

Fig. 1 HRCT of the chest and whole body PET-CT fluorodeoxyglucose uptake Imaging. A, B: First visit to the previous hospital, CT showed 
ground glass opacities in both lobes of the lung. C, D: 1 week before treatment with cotrimoxazole, CT showed increased inflammatory exudate 
in both lungs with lattice-like and pavement-like lesions. E: Benignly increased FDG uptake in multiple muscles, no abnormal FDG uptake in tumour. 
F, G: Respiratory distress worse referral to ICU, CT showed inflammation in both lungs with some solidity and bronchial inflation signs. H, I: 
Complicated bacterial infections after intensive immunosuppressive therapy, CT showed no significant improvement in inflammation in both lungs, 
solid lung changes and significant interstitial inflammation. J, K: After upgrading antibiotic therapy, before evacuating ECMO, pathological finding 
was CMVP
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CMVP was considered as a consequence of immunosup-
pressive therapy. Unfortunately, due to the high medical 
costs and extremely poor prognosis, the family decided 
to discontinue further treatment. The clinical course of 
the patient is summarized in Table 2.

Discussion
ILD is a relatively common pulmonary manifestation 
among the extra muscular symptoms of DM. Studies 
have indicated that patients with positive anti-synthetase 
antibodies are more likely to develop ILD compared to 
those with other myositis-specific autoantibodies. In 
some cases, ILD may even be the initial and sole present-
ing symptom of DM, with an incidence ranging from 
approximately 71% to 100%. HRCT findings in DM-
ILD commonly demonstrate patterns of non-specific 
interstitial pneumonia and organizing pneumonia, and 

most DM patients with concurrent ILD tend to respond 
well to steroid hormone therapy [15, 16]. Here, we pre-
sent an unusual case of a single anti-TIF-1γ Ab posi-
tive DM patient, with a history of rapid weight loss but 
no HIV and immunosuppressant use, who developed 
PJP and ILD. Despite the administration of adequate 
anti-infective, immunosuppressive and mechanical sup-
portive therapy, RPILD and ARDS developed and even-
tually death. This case serves as an important reference 
point for exploring potential mechanisms involving anti-
TIF-1γ Ab and DM-ILD, autoimmune antibodies, mal-
nutrition and the development of PJP in an underlying 
tumor context.

In this particular case, the weight loss was attributed 
to a long-term history of dietary restriction and exer-
cise, which could be clearly traced. It is worth noting that 
autoimmune diseases can also be significant contributors 

Fig. 2 Bone marrow aspiration results (HE staining). A (4 × 10) & B (10 × 10): No significant histopathological abnormalities in the bone marrow; 
C: No anisocytic cells on bone marrow smear. Pathological findings of CT guided right lung tissue puncture biopsy. HE staining, D(10 × 10) & 
E(40 × 10): Chronic inflammation of lung tissue atypical alveolar epithelial hyperplasia and interstitial oedema, foam cell hyperplasia and focal 
necrosis in the alveolar lumen, and viral inclusion bodies. IHC staining: F (CMV +), G (CD68 -), H (CK7 +), I (TTF-1 +)
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to weight loss, and studies have demonstrated that 
weight loss is a common early symptom of IIM and is 
strongly associated with disease severity [17]. Although 
PET-CT and pathology findings do not support a solid 
tumor, the elevated tumor markers and positive anti-
TIF-1γ Ab mean that we still cannot completely rule out 
the possibility of rapid weight loss due to an underlying 
malignancy.

Both PJP and autoimmune diseases are recognized 
as important causes of ILD [18, 19]. The connection 
between PJP and ILD can be approached from two possi-
bilities: PJP may occur prior to ILD and directly contrib-
ute to its development, or PJP may occur subsequent to 
ILD, exacerbating DM-ILD and leading to RPILD. In the 
present case, despite receiving standard anti-PJP treat-
ment, the patient’s interstitial lung lesions persisted, and 
no further detection of Pneumocystis jirovecii nucleic 
acid sequences was observed through NGS. Therefore, it 
was concluded that ILD in this case was primarily associ-
ated with DM. The global prevalence of ILD in DM/PM 
has been reported to be approximately 41%, with a higher 
incidence observed among Asian populations [20]. Ret-
rospective studies from Asia have demonstrated that the 
probability of DM combined with ILD as a manifesta-
tion of paraneoplastic syndrome in the context of solid 
tumors was approximately 4.16% (1/24), while the prob-
ability of clinically amyopathic DM (CADM) combined 
with ILD and malignancy was around 6.67% (1/15). Euro-
pean studies have also indicated that the incidence of 
DM/PM combined with ILD and malignancy was 5.71% 
(4/70), although multiple regression analysis showed that 
the presence of combined ILD reduced the likelihood of 
malignancy [21, 22]. Furthermore, specific studies focus-
ing on anti-TIF-1γ antibody-positive cases have shown 
varying rates of ILD occurrence. For instance, Bodoki 
L et al. reported pulmonary fibrosis in 16.7% of 12 anti-
TIF-1γ Ab positive patients out of a cohort of 337 Hun-
garian patients with IIM. Ikeda N et al. reported ILD in 
22.6% (7/31) of anti-TIF-1γ Ab positive DM patients. 
Shimizu K. et al. described combined ILD in 8.69% (2/23) 
of anti-TIF-1γ Ab positive DM/CADM patients [23–25]. 
Considering the single anti-TIF-1γ Ab positivity in the 
presented case, we can speculate on potential mecha-
nisms underlying its occurrence.

Tripartite motif (TRIM) proteins are a family of ubiq-
uitin ligases that modify proteins. Among the four iso-
forms of TRIM, TRIM33 (also known as TIF-1γ) is one 
of them. TIF-1γ plays a role in inhibiting the formation 
of Smad2/3/4 complexes and downregulating the TGF-β/
Smad pathway. It achieves this by ubiquitinating Smad4 
or acting as a cofactor for the phosphorylated Smad2/3 
complex, thereby inhibiting epithelial-mesenchymal tran-
sition (EMT) [26, 27]. Additionally, TIF-1γ is involved in 

the Wnt/β-catenin pathway, where it promotes the degra-
dation of β-catenin through ubiquitination, thereby influ-
encing cell proliferation [28]. Studies have demonstrated 
that TGF-β is highly expressed in lung tissue affected by 
ILD, particularly in alveolar epithelial cells and lung mac-
rophages. TGF-β and its downstream effectors inhibit 
the proliferative repair of epithelial cells in response to 
inflammatory injury and promote the overactivation of 
EMT, fibroblasts, and myofibroblasts, contributing to 
lung fibrosis [29]. Conversely, depletion of TRIM33 leads 
to increased production of TGF-β1, inducing idiopathic 
pulmonary fibrosis (IPF) and interstitial lung inflamma-
tion through Smad4 and downstream inflammatory fac-
tors such as TNF-α and IL-6 [30]. In IPF, the Wnt protein 
is overexpressed in alveolar epithelial cells and stimulates 
collagen secretion by fibroblasts [31]. Furthermore, the 
Wnt/β-catenin pathway is overactivated in fibroblasts 
during interstitial lung inflammation, and it exhibits an 
epithelial integrin-dependent profibrotic effect along 
with Smad signaling [32]. The mechanism by which anti-
TIF-1γ Ab affects intracellular TRIM33 function is still 
under investigation. Some studies propose that intracel-
lular TIF-1γ acts as an autoantigen and is immunogenic 
enough to elicit an immune response in the organism, 
leading to the production of anti-TIF-1γ Ab that affect 
intracellular metabolism and antibody efflux. Other 
studies suggest that when DM occurs, large amounts of 
TIF-1γ in the skin and muscle produce significant quan-
tities of antibodies that impact intracellular metabo-
lism through interactions with EMT, β-linked proteins, 
and mitotic processes [5, 33, 34]. In Fig. 3, we present a 
speculative model where the presence of a single positive 
anti-TIF-1γ Ab depletes TIF-1γ, potentially mediating 
interstitial pneumonia by upregulating the TGF-β/Smad 
and Wnt/β-catenin pathways. However, further studies 
are needed to confirm this hypothesis.

In DM, PJP is typically observed in patients undergo-
ing long-term immunosuppressive therapy, especially in 
combination with ILD, HIV or malignancy [35]. How-
ever, in this case, the patient was HIV negative and had 
not received prior immunosuppressive therapy. Multi-
ple lymphocyte type tests consistently reported low T 
and NK cell counts, indicating a state of cellular immu-
nosuppression that was not primarily associated with 
later immunosuppressive therapy. Peripheral blood flow 
cytometry typing confirmed a significant reduction in 
total T cells in DM patients positive for anti-TIF-1γ Ab 
compared to other myositis antibodies. Additionally, 
TIF-1γ can regulate NKT cell differentiation through 
the TGF-β pathway and influence immune status [36, 
37]. The patient’s serum albumin levels remained low, 
which may be attributed to dietary restriction as well 
as disease-related depletion. However, a comprehensive 
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assessment of the patient’s nutritional status, includ-
ing vitamins, amino acids and trace elements was not 
conducted. Studies have demonstrated that dieting for 
more than 6  weeks leads to a significant decrease in 
serum albumin levels. Both human and animal models 
have shown that hypoproteinemia weakens the body’s 
immunity, reduces the number and activity of immune 
cells, and increases the susceptibility to infections and 
mortality [38, 39]. Moreover, rapid weight loss can 
result in a significant decrease in peripheral blood NK 
cell numbers and activity in obese women, thereby sup-
pressing the immune response [40]. Paraneoplastic syn-
drome can also cause immune disorders, but we have 
not found definitive evidence that paraneoplastic syn-
drome causes a decrease in T lymphocytes and NK cells 
in human peripheral blood. Paraneoplastic syndrome 
can also cause immune disorders, but definitive evi-
dence linking paraneoplastic syndrome to decreased T 

lymphocytes and NK cells in human peripheral blood 
is lacking. In this case, it is speculated that DM, dietary 
restriction, rapid weight loss, and malnutrition lead-
ing to an abnormal immune state are significant factors 
contributing to opportunistic infections.

In this case, the chest CT findings, including grid-like 
and pavement-like changes, acute exacerbation of exu-
dative ground glass-like patchy shadow, and pulmonary 
solidity, are consistent with the presentation of RPILD 
[41]. Ultrasound examination revealed the presence 
of massive B lines in the lungs, and blood gas analysis 
indicated poor oxygenation, requiring invasive ventila-
tion and VV-ECMO support therapy, which is consist-
ent with ARDS and RF. Although the possibility of an 
underlying malignancy and paraneoplastic syndrome 
cannot be completely ruled out, due to the lack of per-
mission for autopsy and the inability to follow up with 

Fig. 3 Anti-TIF-1γ Ab may deplete endogenous TIF-1γ (TIRM33) and attenuate the inhibition of the TGF-β/Smad pathway and the Wnt/β-catenin 
pathway. Excessive activation of these two pathways, in addition to causing tumors, can also cause interstitial inflammatory lesions, fibrosis 
and tissue remodelling in the lung via lung epithelial cells, fibroblasts and lung macrophages; activation of Activation of Metalloproteinase 
matrylisin/MMP-7, or, with the assistance of a3β1 integrin, the formation of pY654-β-catenin/ pSmad2 Complexes, leading to EMT, causing 
interstitial lung lesions and fibrosis. ECM: Extracellular matrix; EMT: Epithelial-mesenchymal transition; pY654: phosphorylation at tyrosine residue 
654
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the patient, a surgical lung tissue biopsy to confirm the 
ILD was not performed.

Conclusions
This case report provides further evidence for the asso-
ciation of anti-TIF-1γ Ab positive DM with ILD as a pos-
sible manifestation of paraneoplastic syndrome in the 
context of an underlying tumor. The presence of anti-
TIF-1γ Ab, along with factors such as rapid weight loss 
and malnutrition, may contribute to immune suppres-
sion and increase the risk of opportunistic infections, 
including RPILD, ultimately leading to death. In cases of 
anti-TIF-1γ Ab positive DM, it is important to consider 
malignancy as the primary comorbidity. Lung imaging 
evaluation is particularly crucial, especially in patients 
with opportunistic infections, as the development of 
RPILD should be closely monitored. Early detection of 
tumors, timely initiation of immunosuppressive therapy, 
improvement of immune status and infection prevention 
are important considerations in similar cases. Further 
research is needed to better understand the underlying 
mechanisms of this association and to explore effective 
clinical treatment options for patients with anti-TIF-1γ 
Ab positive DM and ILD in the context of malignancy.

Abbreviations
ILD  Interstitial lung disease
DM  Dermatomyositis
PM  Polymyositis
RPILD  Rapidly progressive interstitial lung disease
PJP  Pneumocystis jiroveci pneumonia
HIV  Human immunodeficiency virus
ECMO  Extracorporeal membrane oxygenation
CMVP  Cytomegalovirus pneumonia
ARDS  Acute respiratory distress syndrome
MSAs  Myositis-specific autoantibodies
IIM  Idiopathic inflammatory myopathies
RF  Respiratory failure
NGS  Next generation sequencing
BLS  Bronchoalveolar lavage solution
PaO2  Arterial blood oxygen partial pressure
PaCO2  Arterial blood carbon dioxide partial pressure
SO2  Saturation oxygen
CADM  Clinically amyopathic DM
TRIM  Tripartite motif
TIF  Transcription intermediate factor
MDA5  Melanoma differentiation associated gene 5
EMT  Epithelial-mesenchymal transition
IPF  Idiopathic pulmonary fibrosis
PET-CT  Positron emission tomography computed tomography
HRCT   High resolution computed tomography

Acknowledgements
The authors wish to thank the patient and his family in this study.

Authors’ contributions
Zhang HZ and Yue JF summarized the case, reviewed the literature and wrote 
the manuscript. Hou XH, Bikdeli A collected the pathological material and 
clinical data. Lu HJ collected the imaging data. Guo HP, Li H and Li DQ summa-
rized the case and revised the manuscript. All authors have read and approved 
the submitted manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(No.21576206).

Availability of data and materials
All data and materials supporting our findings are contained within this 
published article.

Declarations

Ethics approval and consent to participate
Any involvement of human participants, materials, or data complied with the 
Declaration of Helsinki. We have received approval for using case information 
and materials from the Medical Ethics Committee of Qilu Hospital, Shandong 
University. In addition, we have received written informed consent from the 
patient’s family.

Consent for publication
Written informed consent for publication of identifying images or other per-
sonal or clinical details was obtained from the patient ‘s family.

Competing interests
The authors declare no competing interests.

Author details
1 Key Laboratory of Cardiovascular Remodeling and Function Research, 
Chinese Ministry of Education, Chinese National Health Commission and Chi-
nese Academy of Medical Sciences, State and Shandong Province Joint Key 
Laboratory of Translational Cardiovascular Medicine, Department of Car-
diology, Qilu Hospital, Cheeloo College of Medicine, Shandong University, 
Jinan 250012, Shandong, China. 2 Department of Intensive Care Medicine, Qilu 
Hospital, Shandong University, Jinan 250012, Shandong, China. 3 Department 
of Intensive Care Medicine, Traditional Chinese Medicine of Rizhao Hospital, 
Rizhao 276800, Shandong, China. 4 Department of Hematology, Qilu Hospital, 
Shandong University, Jinan 250012, Shandong, China. 

Received: 20 March 2023   Accepted: 28 June 2023

References
 1. Lundberg IE, Tjärnlund A, Bottai M, Werth VP, Pilkington C, Visser M, 

et al. 2017 European League Against Rheumatism/American College 
of Rheumatology classification criteria for adult and juvenile idiopathic 
inflammatory myopathies and their major subgroups. Ann Rheum Dis. 
2017;76(12):1955–64. https:// doi. org/ 10. 1136/ annrh eumdis- 2017- 211468.

 2. Concha JSS, Pena S, Gaffney RG, Patel B, Tarazi M, Kushner CJ, et al. 
Developing classification criteria for skin-predominant dermatomyositis: 
the Delphi process. Br J Dermatol. 2020;182(2):410–7. https:// doi. org/ 10. 
1111/ bjd. 18096.

 3. Betteridge Z, Tansley S, Shaddick G, Chinoy H, Cooper RG, New RP, 
et al. Frequency, mutual exclusivity and clinical associations of myositis 
autoantibodies in a combined European cohort of idiopathic inflamma-
tory myopathy patients. J Autoimmun. 2019;101:48–55. https:// doi. org/ 
10. 1016/j. jaut. 2019. 04. 001.

 4. Fiorentino DF, Kuo K, Chung L, Zaba L, Li S, Casciola-Rosen L. Distinctive 
cutaneous and systemic features associated with antitranscriptional inter-
mediary factor-1γ antibodies in adults with dermatomyositis. J Am Acad 
Dermatol. 2015;72(3):449–55. https:// doi. org/ 10. 1016/j. jaad. 2014. 12. 009.

 5. De Vooght J, Vulsteke JB, De Haes P, Bossuyt X, Lories R, De Langhe E. 
Anti-TIF1-γ autoantibodies: warning lights of a tumour autoantigen. 
Rheumatology (Oxford). 2020;59(3):469–77. https:// doi. org/ 10. 1093/ 
rheum atolo gy/ kez572.

 6. Yang Z, Lin F, Qin B, Liang Y, Zhong R. Polymyositis/dermatomyositis and 
malignancy risk: a metaanalysis study. J Rheumatol. 2015;42(2):282–91. 
https:// doi. org/ 10. 3899/ jrheum. 140566.

 7. Chen YJ, Wu CY, Shen JL. Predicting factors of malignancy in dermatomyosi-
tis and polymyositis: a case-control study. Br J Dermatol. 2001;144(4):825–31. 
https:// doi. org/ 10. 1046/j. 1365- 2133. 2001. 04140.x.

https://doi.org/10.1136/annrheumdis-2017-211468
https://doi.org/10.1111/bjd.18096
https://doi.org/10.1111/bjd.18096
https://doi.org/10.1016/j.jaut.2019.04.001
https://doi.org/10.1016/j.jaut.2019.04.001
https://doi.org/10.1016/j.jaad.2014.12.009
https://doi.org/10.1093/rheumatology/kez572
https://doi.org/10.1093/rheumatology/kez572
https://doi.org/10.3899/jrheum.140566
https://doi.org/10.1046/j.1365-2133.2001.04140.x


Page 11 of 11Zhang et al. BMC Pulmonary Medicine          (2023) 23:248  

 8. Kaplan JE, Benson C, Holmes KK, Brooks JT, Pau A, Masur H. Guidelines for 
prevention and treatment of opportunistic infections in HIV-infected adults 
and adolescents: recommendations from CDC, the National Institutes of 
Health, and the HIV Medicine Association of the Infectious Diseases Society 
of America. MMWR Recomm Rep. 2009;58(Rr-4):1–207 (quiz CE1-4).

 9. Lehman JS, Kalaaji AN. Role of primary prophylaxis for pneumocystis pneu-
monia in patients treated with systemic corticosteroids or other immuno-
suppressive agents for immune-mediated dermatologic conditions. J Am 
Acad Dermatol. 2010;63(5):815–23. https:// doi. org/ 10. 1016/j. jaad. 2009. 11. 
588.

 10. Hozumi H, Fujisawa T, Nakashima R, Johkoh T, Sumikawa H, Murakami A, 
et al. Comprehensive assessment of myositis-specific autoantibodies in 
polymyositis/dermatomyositis-associated interstitial lung disease. Respir 
Med. 2016;121:91–9. https:// doi. org/ 10. 1016/j. rmed. 2016. 10. 019.

 11. Bateman M, Oladele R, Kolls JK. Diagnosing Pneumocystis jirovecii pneu-
monia: a review of current methods and novel approaches. Med Mycol. 
2020;58(8):1015–28. https:// doi. org/ 10. 1093/ mmy/ myaa0 24.

 12. Selickaja S, Galindo-Feria AS, Dani L, Mimori T, Rönnelid J, Holmqvist M, 
et al. ELISA, protein immunoprecipitation and line blot assays for anti-TIF1-
gamma autoantibody detection in cancer-associated dermatomyositis. 
Rheumatology (Oxford). 2022;61(12):4991–6. https:// doi. org/ 10. 1093/ rheum 
atolo gy/ keac2 88.

 13. Lundberg IE, Tjärnlund A, Bottai M, Werth VP, Pilkington C, de Visser M, 
et al. 2017 european league against rheumatism/American college of 
rheumatology classification criteria for adult and juvenile idiopathic 
inflammatory myopathies and their major subgroups. Arthritis Rheumatol. 
2017;69(12):2271–82. https:// doi. org/ 10. 1002/ art. 40320.

 14. Li Y, Zhou Y, Wang Q. Multiple values of (18)F-FDG PET/CT in idiopathic 
inflammatory myopathy. Clin Rheumatol. 2017;36(10):2297–305. https:// doi. 
org/ 10. 1007/ s10067- 017- 3794-3.

 15. Zhan X, Yan W, Wang Y, Li Q, Shi X, Gao Y, et al. Clinical features of anti-
synthetase syndrome associated interstitial lung disease: a retrospective 
cohort in China. BMC Pulm Med. 2021;21(1):57. https:// doi. org/ 10. 1186/ 
s12890- 021- 01399-5.

 16. Baratella E, Marrocchio C, Cifaldi R, Santagiuliana M, Bozzato AM, Crivelli P, 
et al. Interstitial lung disease in patients with antisynthetase syndrome: a 
retrospective case series study. Jpn J Radiol. 2021;39(1):40–6. https:// doi. org/ 
10. 1007/ s11604- 020- 01030-3.

 17. Huber AM, Mamyrova G, Lachenbruch PA, Lee JA, Katz JD, Targoff IN, et al. 
Early illness features associated with mortality in the juvenile idiopathic 
inflammatory myopathies. Arthritis Care Res (Hoboken). 2014;66(5):732–40. 
https:// doi. org/ 10. 1002/ acr. 22212.

 18. Vidal S, de la Horra C, Martín J, Montes-Cano MA, Rodríguez E, Respaldiza 
N, et al. Pneumocystis jirovecii colonisation in patients with interstitial lung 
disease. Clin Microbiol Infect. 2006;12(3):231–5. https:// doi. org/ 10. 1111/j. 
1469- 0691. 2005. 01337.x.

 19. Joerns EK, Adams TN, Sparks JA, Newton CA, Bermas B, Karp D, et al. Intersti-
tial pneumonia with autoimmune features: what the rheumatologist Needs 
to Know. Curr Rheumatol Rep. 2022;24(6):213–26. https:// doi. org/ 10. 1007/ 
s11926- 022- 01072-8.

 20. Sun KY, Fan Y, Wang YX, Zhong YJ, Wang GF. Prevalence of interstitial lung 
disease in polymyositis and dermatomyositis: a meta-analysis from 2000 to 
2020. Semin Arthritis Rheum. 2021;51(1):175–91. https:// doi. org/ 10. 1016/j. 
semar thrit. 2020. 11. 009.

 21. Ikeda S, Arita M, Misaki K, Mishima S, Takaiwa T, Nishiyama A, et al. Incidence 
and impact of interstitial lung disease and malignancy in patients with 
polymyositis, dermatomyositis, and clinically amyopathic dermatomyositis: 
a retrospective cohort study. Springerplus. 2015;4:240. https:// doi. org/ 10. 
1186/ s40064- 015- 1013-8.

 22. Douglas WW, Tazelaar HD, Hartman TE, Hartman RP, Decker PA, Schroeder 
DR, et al. Polymyositis-dermatomyositis-associated interstitial lung disease. 
Am J Respir Crit Care Med. 2001;164(7):1182–5. https:// doi. org/ 10. 1164/ 
ajrccm. 164.7. 21031 10.

 23. Bodoki L, Nagy-Vincze M, Griger Z, Betteridge Z, Szöllősi L, Dankó K. Four 
dermatomyositis-specific autoantibodies-anti-TIF1γ, anti-NXP2, anti-SAE 
and anti-MDA5-in adult and juvenile patients with idiopathic inflammatory 
myopathies in a Hungarian cohort. Autoimmun Rev. 2014;13(12):1211–9. 
https:// doi. org/ 10. 1016/j. autrev. 2014. 08. 011.

 24. Ikeda N, Yamaguchi Y, Kanaoka M, Ototake Y, Akita A, Watanabe T, et al. Clini-
cal significance of serum levels of anti-transcriptional intermediary factor 1-γ 

antibody in patients with dermatomyositis. J Dermatol. 2020;47(5):490–6. 
https:// doi. org/ 10. 1111/ 1346- 8138. 15284.

 25. Shimizu K, Kobayashi T, Kano M, Hamaguchi Y, Takehara K, Matsushita T. Anti-
transcriptional intermediary factor 1-γ antibody as a biomarker in patients 
with dermatomyositis. J Dermatol. 2020;47(1):64–8. https:// doi. org/ 10. 1111/ 
1346- 8138. 15128.

 26. Massagué J. TGFbeta in Cancer. Cell. 2008;134(2):215–30. https:// doi. org/ 10. 
1016/j. cell. 2008. 07. 001.

 27. He W, Dorn DC, Erdjument-Bromage H, Tempst P, Moore MA, Massagué J. 
Hematopoiesis controlled by distinct TIF1gamma and Smad4 branches of 
the TGFbeta pathway. Cell. 2006;125(5):929–41. https:// doi. org/ 10. 1016/j. 
cell. 2006. 03. 045.

 28. Xue J, Chen Y, Wu Y, Wang Z, Zhou A, Zhang S, et al. Tumour suppressor 
TRIM33 targets nuclear β-catenin degradation. Nat Commun. 2015;6:6156. 
https:// doi. org/ 10. 1038/ ncomm s7156.

 29. Saito A, Horie M, Micke P, Nagase T. The Role of TGF-β Signaling in Lung 
Cancer Associated with Idiopathic Pulmonary Fibrosis. Int J Mol Sci. 
2018;19(11):3611. https:// doi. org/ 10. 3390/ ijms1 91136 11.

 30. Boutanquoi PM, Burgy O, Beltramo G, Bellaye PS, Dondaine L, Marcion G, 
et al. TRIM33 prevents pulmonary fibrosis by impairing TGF-β1 signalling. 
Eur Respir J. 2020;55(6). https:// doi. org/ 10. 1183/ 13993 003. 01346- 2019.

 31. Chilosi M, Poletti V, Zamò A, Lestani M, Montagna L, Piccoli P, et al. Aberrant 
Wnt/beta-catenin pathway activation in idiopathic pulmonary fibrosis. Am 
J Pathol. 2003;162(5):1495–502. https:// doi. org/ 10. 1016/ s0002- 9440(10) 
64282-4.

 32. Kim KK, Wei Y, Szekeres C, Kugler MC, Wolters PJ, Hill ML, et al. Epithe-
lial cell alpha3beta1 integrin links beta-catenin and Smad signaling to 
promote myofibroblast formation and pulmonary fibrosis. J Clin Invest. 
2009;119(1):213–24. https:// doi. org/ 10. 1172/ jci36 940.

 33. Pinal-Fernandez I, Ferrer-Fabregas B, Trallero-Araguas E, Balada E, Martínez 
MA, Milisenda JC, et al. Tumour TIF1 mutations and loss of heterozy-
gosity related to cancer-associated myositis. Rheumatology (Oxford). 
2018;57(2):388–96. https:// doi. org/ 10. 1093/ rheum atolo gy/ kex413.

 34. Aussy A, Boyer O, Cordel N. Dermatomyositis and immune-mediated 
necrotizing myopathies: a window on autoimmunity and cancer. Front 
Immunol. 2017;8:992. https:// doi. org/ 10. 3389/ fimmu. 2017. 00992.

 35. Hsu HC, Chang YS, Hou TY, Chen LF, Hu LF, Lin TM, et al. Pneumocystis 
jirovecii pneumonia in autoimmune rheumatic diseases: a nationwide 
population-based study. Clin Rheumatol. 2021;40(9):3755–63. https:// doi. 
org/ 10. 1007/ s10067- 021- 05660-4.

 36. Wilkinson MGL, Radziszewska A, Wincup C, Ioannou Y, Isenberg DA, Manson 
JJ, et al. Using peripheral blood immune signatures to stratify patients with 
adult and juvenile inflammatory myopathies. Rheumatology (Oxford). 
2020;59(1):194–204. https:// doi. org/ 10. 1093/ rheum atolo gy/ kez252.

 37. Doisne JM, Bartholin L, Yan KP, Garcia CN, Duarte N, Le Luduec JB, et al. iNKT 
cell development is orchestrated by different branches of TGF-beta signal-
ing. J Exp Med. 2009;206(6):1365–78. https:// doi. org/ 10. 1084/ jem. 20090 127.

 38. Lee JL, Oh ES, Lee RW, Finucane TE. Serum albumin and prealbumin in 
calorically restricted, nondiseased individuals: a systematic review. Am J 
Med. 2015;128(9):1023.e1-22. https:// doi. org/ 10. 1016/j. amjmed. 2015. 03. 032.

 39. Michael H, Amimo JO, Rajashekara G, Saif LJ, Vlasova AN. Mechanisms of 
kwashiorkor-associated immune suppression: insights from human, mouse, 
and pig studies. Front Immunol. 2022;13:826268. https:// doi. org/ 10. 3389/ 
fimmu. 2022. 826268.

 40. Scanga CB, Verde TJ, Paolone AM, Andersen RE, Wadden TA. Effects of 
weight loss and exercise training on natural killer cell activity in obese 
women. Med Sci Sports Exerc. 1998;30(12):1666–71. https:// doi. org/ 10. 
1097/ 00005 768- 19981 2000- 00002.

 41. Cottin V, Thivolet-Béjui F, Reynaud-Gaubert M, Cadranel J, Delaval P, 
Ternamian PJ, et al. Interstitial lung disease in amyopathic dermatomyositis, 
dermatomyositis and polymyositis. Eur Respir J. 2003;22(2):245–50. https:// 
doi. org/ 10. 1183/ 09031 936. 03. 00026 703.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jaad.2009.11.588
https://doi.org/10.1016/j.jaad.2009.11.588
https://doi.org/10.1016/j.rmed.2016.10.019
https://doi.org/10.1093/mmy/myaa024
https://doi.org/10.1093/rheumatology/keac288
https://doi.org/10.1093/rheumatology/keac288
https://doi.org/10.1002/art.40320
https://doi.org/10.1007/s10067-017-3794-3
https://doi.org/10.1007/s10067-017-3794-3
https://doi.org/10.1186/s12890-021-01399-5
https://doi.org/10.1186/s12890-021-01399-5
https://doi.org/10.1007/s11604-020-01030-3
https://doi.org/10.1007/s11604-020-01030-3
https://doi.org/10.1002/acr.22212
https://doi.org/10.1111/j.1469-0691.2005.01337.x
https://doi.org/10.1111/j.1469-0691.2005.01337.x
https://doi.org/10.1007/s11926-022-01072-8
https://doi.org/10.1007/s11926-022-01072-8
https://doi.org/10.1016/j.semarthrit.2020.11.009
https://doi.org/10.1016/j.semarthrit.2020.11.009
https://doi.org/10.1186/s40064-015-1013-8
https://doi.org/10.1186/s40064-015-1013-8
https://doi.org/10.1164/ajrccm.164.7.2103110
https://doi.org/10.1164/ajrccm.164.7.2103110
https://doi.org/10.1016/j.autrev.2014.08.011
https://doi.org/10.1111/1346-8138.15284
https://doi.org/10.1111/1346-8138.15128
https://doi.org/10.1111/1346-8138.15128
https://doi.org/10.1016/j.cell.2008.07.001
https://doi.org/10.1016/j.cell.2008.07.001
https://doi.org/10.1016/j.cell.2006.03.045
https://doi.org/10.1016/j.cell.2006.03.045
https://doi.org/10.1038/ncomms7156
https://doi.org/10.3390/ijms19113611
https://doi.org/10.1183/13993003.01346-2019
https://doi.org/10.1016/s0002-9440(10)64282-4
https://doi.org/10.1016/s0002-9440(10)64282-4
https://doi.org/10.1172/jci36940
https://doi.org/10.1093/rheumatology/kex413
https://doi.org/10.3389/fimmu.2017.00992
https://doi.org/10.1007/s10067-021-05660-4
https://doi.org/10.1007/s10067-021-05660-4
https://doi.org/10.1093/rheumatology/kez252
https://doi.org/10.1084/jem.20090127
https://doi.org/10.1016/j.amjmed.2015.03.032
https://doi.org/10.3389/fimmu.2022.826268
https://doi.org/10.3389/fimmu.2022.826268
https://doi.org/10.1097/00005768-199812000-00002
https://doi.org/10.1097/00005768-199812000-00002
https://doi.org/10.1183/09031936.03.00026703
https://doi.org/10.1183/09031936.03.00026703

	Rapidly progressive interstitial lung disease combined with pneumocystis jiroveci pneumonia in a patient with single anti-TIF-1γ antibody positive dermatomyositis in the context of an underlying tumor
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Introduction
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


