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A B S T R A C T   

Over 40 years ago, abnormal enlargement of the nucleus of tubular epithelial cells was reported in a rare distinct 
hereditary chronic interstitial nephritis, karyomegalic interstitial nephritis (KIN). Here, we report the second case 
of systemic karyomegaly with pulmonary manifestations and present a detailed characterization of the kar-
yomegalic cells in lung parenchyma. A 59-year-old woman who was diagnosed with KIN developed renal failure 
and eventually received a renal transplant later evaluated for chronic and progressive restrictive lung disease. 
The KIN diagnosis prompted us to carefully examine her lung parenchyma. Karyomegalic cells were identified in 
the alveolar epithelium, interstitium, as well as, in the vascular wall. Viral serological and biochemical blood 
analyses were negative. We consider that the pulmonary manifestations of karyomegaly expands the differential 
diagnosis of interstitial lung disease in patients with KIN.   

1. Introduction 

Karyomegalic interstitial nephritis (KIN) is a rare cause of hereditary 
chronic interstitial nephritis, that was first described in 1970s [1–3]. The 
term KIN was introduced by Michael J. Mihatsch et al. [3]. More than 50 
cases of KIN have been reported in the literature [4]. This disease pre-
sents as a slowly progressive chronic kidney disease, eventually leading 
to end-stage renal disease before the age of 50. Karyomegalic cells in 
renal biopsy specimens are distinguishable from other common causes 
of chronic tubulointerstitial nephritis. The karyomegalic tubular 
epithelial cells of the proximal and distal tubules are characterized by 
markedly enlarged and hyperchromatic nuclei. Autosomal recessive 
inheritance in families with KIN has been reported by Zhou et al. and 
mutations in the FAN1 (FANCD2/FANCI-Associated Nuclease 1) gene 
[5]. FAN1 is involved in the DNA damage response pathway, particu-
larly in the kidney, indicating a potential link between defective DNA 
repair and chronic kidney disease progression [6]. 

The only case of systemic karyomegaly with primary pulmonary has 
been reported in a 33-year-old woman evaluated for chronic and pro-
gressive restrictive lung disease and ultimately required single-lung 
transplantation. A few months after transplantation, graft dysfunction, 
respiratory decline and renal failure caused her death. At autopsy, 

karyomegalic cells have been identified in the kidneys and her native 
lung [7]. Here, we report the second case of systemic karyomegaly with 
pulmonary manifestations. 

2. Case presentation 

During a trip abroad, a 50-year old woman was evaluated in 
February 2010 for acute gastroenteritis and elevated levels of creatinine 
were accidently detected. Serological levels of ANA, ANCA, anti-dsDNA, 
ENA as well as viral hepatitis were within normal ranges. Urea level was 
in the range of 16–25 mmol/L. A renal biopsy was later taken due to the 
elevation in creatinine levels of unknown reason. In March 2010, his-
tomorphological analyses revealed chronic tubulointerstitial nephritis 
with obvious nuclear changes in the tubular epithelium. These changes 
were in agreement with KIN (Fig. 1A). Due to development of renal 
failure, she was started on dialysis in February 2012 and eventually 
received a renal transplant in July 2015. Increased level of trans-
aminases was detected during her pre-transplantation screening and a 
liver biopsy was then taken in November 2012, but no pathological 
change was noted. She later developed respiratory symptoms that were 
clinically suspected to be due to interstitial pulmonary disease. Non- 
specific radiological signs included subtle reticular abnormalities, 
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thickened interlobular septa, basal traction bronchiectasis, microcystic 
subpleural changes, mild ground-glass opacification, and honeycombing 
(Fig. 2). These radiological signs seen in March 2018 (Fig. 2A) were 

progressed as detected by subsequent CT-thorax analysis in September 
2018 (Fig. 2B) and March 2019 (Fig. 2C), particularly at the right lung 
lobes. No sign of confluence of inflammation, atelectasis or enlarged 
mediastinal lymph nodes was observed. Pleural and pericardial spaces 
were radiologically ordinary. Surgical lung wedge biopsies from the 
upper and lower lobes of the right lung were undertaken. These showed 
predominantly patchy established interstitial fibrosis with areas of 
honeycomb change. Occasional areas of fibroblastic proliferation were 
present and there was a mild non-specific chronic inflammatory infil-
trate, focally with a few eosinophils. Fibrotic changes were more marked 
in the lower lobe. In terms of a histologic pattern, the features were 
closest to those of usual interstitial pneumonia (UIP) (Fig. 3A). However, 
there were also scattered karyomegalic cells, either in the alveolar lining 
(Fig. 3B), alveolar interstitium (Fig. 3C), or within the perivascular 
interstitium (Fig. 3D), and the concluding diagnosis was pulmonary 
involvement by KIN with a UIP pattern of fibrosis. 

3. Discussion 

This is the second report describing manifestations of karyomegaly in 
the lung. In addition to karyomegalic cells present within the alveolar 
epithelium [7], we report the presence of karyomegalic cells even in the 

Fig. 1. Histopathological image of renal cortex demonstrates enlarged and 
hyperchromatic karyomegalic tubular epithelial cells (white arrows). Original 
magnification x200. Hematoxylin & Eosin stain. 

Fig. 2. Pulmonary radiological changes as detected by CT-thorax analysis (A). Progression of these changes 6 months (B) and 18 months later (C).  

Fig. 3. Images of the lung that show a histological pattern of usual interstitial pneumonia, with subpleural fibrosis and scattered fibroblastic foci (black arrows) (A). 
Pulmonary parenchyma demonstrates karyomegalic cells (white arrows) within the alveolar epithelium (B), alveolar (C) and perivascular (D) interstitium. (A) 
Original magnification x40, (B–D) x200. Hematoxylin & Eosin stain. 
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alveolar and perivascular interstitium. Notably, pulmonary manifesta-
tions of karyomegaly produced significant progressive decline in pul-
monary function. 

The pathogenesis of systemic karyomegaly is not completely un-
derstood. Toxic substances such as ifosfamide [8], trichloroethylene [9] 
and ochratoxin A [10] have been reported to induce KIN at variably 
levels in different experimental models. Renal tubule karyomegaly oc-
curs in mice in response to chemical insult, but much less commonly 
than in the rat [11]. Renal biopsies following the administration of these 
drugs reveal chronic tubulointerstitial nephritis with atypical tubular 
epithelial cells showing nuclear enlargement and hyperchromasia, 
consistent with a diagnosis of KIN. However, human reports of kar-
yomegaly in the kidney associated with chemical exposure are rare, and 
linked mainly to chemotherapeutic or antiviral therapies [11]. In addi-
tion to toxic substances, penicillium nephrotoxins also cause persistent 
karyomegaly in different animals [12,13]. 

By exome sequencing, mutations in FAN1 have been identified as a 
probable cause of KIN [5]. The FAN1 protein has nuclease activity and 
acts in DNA interstrand cross-link (ICL) repair within the Fanconi ane-
mia partly mediated by DNA damage response pathway. Fan1-deficient 
mice develop KIN [14,15]. In addition to the kidneys, karyomegaly 
becomes prominent even in the liver of Fan1-deficient mice developing 
liver dysfunction with age [16]. In our case, there were no karyomegalic 
cells in liver biopsies. The ubiquitin-binding zinc finger domain of FAN1 
is needed for interaction with FANCD2, which is not required for the 
initial rapid recruitment of FAN1 to ICLs or for its role in DNA ICL 
resistance. Epistasis analyses reveal that FAN1 has ICL activities that are 
independent of the Fanconi anemia proteins and that this activity is 
redundant with the 50-30 exonuclease SNM1A [16]. These experimental 
results provide insight into the mechanism of FAN1 in ICL repair and 
demonstrate that the Fan1 mouse model effectively recapitulates the 
pathological features of human FAN1 deficiency. However, manifesta-
tions of karyomegaly in lungs have not been reported in these mouse 
models of Fan1-deficiency. 

Another concern is whether karyomegaly leads to carcinogenic 
development. Nephrotoxic substances including ochratoxin A induce 
carcinogenicity in the kidneys [17], in which karyomegaly is prominent 
in tubular epithelium in experimental models. Nevertheless, renal car-
cinogenicity following karyomegaly is not consistently associated with 
renal tubule tumor development in experimental animals. Spontaneous 
tumor development has not been reported in the Fan1-deficient mouse 
model either, but this needs to be determined, particularly in aged mice. 
Thus, renal tubule karyomegaly currently remains an inaccurate pre-
dictor of renal tubule neoplasia, and there is no evidence that kar-
yomegalic cells are involved in tumor development as a form of 
preneoplasia [11]. 

Our case report indicates that systemic karyomegaly can also mani-
fest in the lung, with a histologic pattern closest to UIP. It is important to 
realize that the karyomegalic cells in the lung are very few and can be 
easily overlooked if the pathologist is not aware of the connection with 
KIN and the presentation of the disease in the lung. Inadequate DNA 
repair as a result of FAN1 mutations can make the lungs more sensitive 

to infection and injury. Therefore, patients with KIN diagnoses should be 
closely monitored as manifestations of at least the lungs and liver that 
have been reported to exhibit karyomegalic cells in experimental and 
clinical settings. The characterization of systemic karyomegaly with 
symptomatic lung involvement expands the differential diagnosis for 
patients presenting with interstitial lung disease, particularly when non- 
specific histopathological findings are present. 
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