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Abstract: 

Pulmonary alveolar microlithiasis (PAM) is an autosomal recessive disorder with distinctive 

deposition of calcium phosphate microliths in the lungs. Mutation of SLC34A2 gene was 

proved to be responsible for PAM. Here we reported the study of a family affected with 

PAM in China. Two daughters of an inbred family whose parents were cousins are affected 

with PAM. Mutation analysis of the SLC34A2 gene in both patients by PCR amplification and 

direct sequencing revealed that exon 5 was deleted on both alleles. Both parents of the 

patients are proved to be carriers of the mutated allele. Gap-PCR was performed to 

determine the breakpoints and a homologous deletion of 1152bp encompassing exon 5 of 

SLC34A2 gene (c.IVS4+1452_IVS5+660del) was confirmed. A 4 bp fragment of TGGG was 

located on the edge of both upstream and downstream breakpoints. The upstream 

breakpoint lies in the same region as the breakpoint of a fused gene SLC34A2-ROS1, which 

encodes a constitutive kinase in lung cancer cell line HCC78 and nonsmall-cell lung cancer 

(NSCLC), suggesting that the deletion in this family is a hotspot for recombination, not only 

in cancer samples with somatic mutation, but also in PAM patients with germline genetic 

defects of SLC34A2. 
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INTRODUCTION 

Pulmonary alveolar microlithiasis (PAM [MIM 265100]) is a rare disease in which microliths 

are formed in the alveolar space. Most patients are asymptomatic for several years or even 

for decades [Castellana et al., 2012]. For patients with symptoms, mild dyspnea may onset 

very slowly, with progressive functional respiratory deficiency, asthenia, and tiredness. 

Other more severe clinical symptoms are rare. Typical X-ray pattern shows fine nodular 

opacities formed by countless microliths with diffuse, bilateral, medial and basal lung 

involvement [Castellana et al., 2015].  

One third of the cases of PAM are familial and mutations in the SLC34A2 gene, which 

encodes the sodium dependent phosphate transporter, is responsible for the disease [Corut 

A et al., 2006]. SLC34A2 protein plays a key role in clearing phospholipids of the alveolar 

space through transporting the phosphorus ion into the alveolar type II cells [Hashimoto et 

al., 2000]. Recently, SLC34A2 protein was also reported to be an important transporter of 

silicon (Si). But whether this is related to the development of PAM has not been reported 

yet [Ratcliffe et al., 2017].Review of the existing data of mutations reported showed that 

eleven different mutations of SLC34A2 gene were detected without obvious hotspot region 

among the patients. All the exons were involved except for exon 5 and exon 9. As for the 

different races, Turkish obviously showed more involved exons, and the mutation in 

Japanese and Chinese was mainly in exon7 and exon8 [Yin et al., 2013; Wang et al., 2014].  

In this study, we reported the first SLC34A2 mutation involving exon 5 in patients 

affected with PAM in China. The homologous deletion encompasses exon 5 without 

affecting other exons of SLC34A2 (c.IVS4+1452_IVS5+660del). We confirmed the location of 

the breakpoints by direct sequencing of the Gap-PCR products and defined the deletion 
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fragment to be 1152bp altogether. We also noticed that the upstream breakpoint lies in the 

same region as the breakpoint of a fused gene SLC34A2-ROS1, which encodes a chimeric 

protein retaining a constitutive kinase activity commonly found in a “ROS1-addicted” lung 

cancer cell line HCC78 and several types of human cancer cells including nonsmall-cell lung 

cancer (NSCLC) and gastric carcinoma cells [Rikova et al.,2007; Lee et al., 2013; Davies et al., 

2012].This suggests that the deletion in this family, especially the region where upstream 

breakpoint lies in, is a hotspot for recombination, not only in cancer samples with somatic 

mutation, but also in PAM patients with germline genetic defects of SLC34A2. 

MATERIALS AND METHODS 

Ethics Statement. The study protocol was approved by the Ethics Committee of Hebei 

Medical University. Informed consent was obtained from all the family members for their 

DNA and clinical data to be used for research purposes. All methods were used according to 

the approved guidelines and regulations. 

Genomic DNA Extraction. Peripheral blood sample of the proband was drawn in local 

hospitals and genomic DNA was extracted with QIAamp DNA Blood Mini Kit (Qiagen, Hilden, 

Germany) following standard protocols. Saliva samples of the other three members of the 

family including sister and parents of the proband were collected and geneomic DNA was 

extracted with Hi-Swab DNA Kit (TIANGEN Biotech, Beijing, China). Quality of gDNA was 

confirmed by using spectrophotometer (NanoDrop Technologies, Wilmington, DE). 

Mutation Detection. PCR amplification of all 13 exons of SLC34A2 in the proband and the 

normal control was performed with designed primers. All PCR products of the patients 

except for exon 5 were sent for direct sequencing by Sangon Technology, Shanghai, China. 

Several pairs of primers in intron 4 (2 pairs) and intron 5(3 pairs) were synthesized 

respectively to narrow down the range of deletion (available on request). To determine the 
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exact location of the breakpoints, another pair of primers encompassing exon 5 was used 

for gap-PCR (Forward:5’-atccaggaggctcattggaac-3’; Reverse:5’-ggaggcaggctaaagttacc-3’ ) and 

the products of gap-PCR were sent for sequencing by Sangon Technology. Further 

verification was performed by gap-PCR and amplification of exon 5 in other family members. 

Sequence Alignment. Sequencing results and open reading frame of the sequence were 

analyzed by DNAMAN software (Lynnon Biosoft, San Ramon, USA). Alignment of the 

sequence was performed by Human BLAT Search (Kent informatics, UCSC, USA) with 

reference human genome sequence GRCh38/hg38 (Dec.2013).  

RESULTS 

Clinical Report 

The proband is a 40-year-old female from Hebei, China and was enrolled by the department 

of Respiratory in the Third Affiliated Hospital of Hebei Medical University. She was admitted 

to hospital with progressive dyspnea in the past three years without any other symptoms 

such as coughing, hemoptysis and fever. Clinical examination of the chest and heart showed 

a normal result. She worked in a ceramic factory with the history of inhalation of dust and 

powder for almost 20 years. There is no history of smoking or known pulmonary diseases. 

Results of lab tests showed that blood count and serum chemistry were normal except for 

slight hypercholesterolemia. Arterial blood gas analysis, ECG, and echocardiography showed 

no abnormalities. Chest radiograph of the patient revealed diffuse bilateral micronodules 

throughout the entire lung field which obscured the cardiac shadow, with the bottom 

portion more severely affected (Fig. 1A). High resolution CT scan showed consolidation and 

scattered microlithiasis. Pleura incrassation and calcification were also noticed on both sides. 

The patient was clinically diagnosed as pulmonary fibrosis and underwent a bronchoscopy 

which produced numerous microliths in the bronchoalveolarlavage liquid, in consistent with 
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a diagnosis of pulmonary microlithiasis (Fig. 1A). 

   The proband is one of the daughters of an inbred family. The sister of the proband has no 

symptom related to respiratory system but CT scan of her sister from 10 years and 1 year ago 

had similar manifestation of diffused microlithiasis. Mother and father of the two sisters are 

cousins. CT scan of the chest in both of the parents turned out to be totally normal and 

neither of them is affected with PAM (Fig. 1B). 

Mutation screening of SLC34A2 Gene Identifies a Novel deletion Mutation 

Mutation screening of SLC34A2 was performed by using genomic DNA from both the 

proband and normal control with the same sets of primers.  All of the 13 exons are 

successfully amplified in normal DNA sample. As for the proband, PCR products were 

obtained and sequenced for all of the exons except for exon5. No mutation was detected in 

the 12 positive amplicons of the patient. Another three different pairs of primers were 

designed to amplify exon5 and the results were negative in the patient and positive in 

normal control (data not shown), suggesting that there’s a homologous deletion mutation 

involving exon5 in the patient.  

   Further confirmation of the deletion mutation and the exact location of DNA break were 

achieved by Gap-PCR. Several pairs of primers in intron 4 (2 pairs) and intron 5(3 pairs) were 

synthesized respectively to narrow down the range of deletion，which was found to be 

between 376bp upstream and 924bp downstream of exon5. Gap-PCR spanning exon5 was 

performed with primers at the edge of the deletion region (Fig 2A). Normal amplification of 

the primers should yield a product of more than 2 kb. Instead, a 952bp amplicon was 

produced in the patient, confirming the deletion of exon 5 in the proband. Gap-PCR of the 

parents and sister of the proband also produced positive results. But the amplification of 

exon 5 was positive for the parents and negative for the sisters, suggesting that parents of 
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the proband are heterozygous for the deletion of exon 5 while their two daughters are 

carrying homozygous mutations (Fig 2A) .  

To define the accurate position of deletion, we sequenced the 856bp amplicon and 

compare the results to normal sequence of SLC34A2 (Fig 2C). The deletion is 1152bp in total 

including complete exon 5 and part of intron4 and intron5 (Fig 2B). This leads to the loss of 

144 nucleotides in mRNA and 48 amino acids in translated protein without affecting open 

reading frames in other exons. 

Analysis of the structure of truncated protein showed that the deleted amino acid 

residues were located in the N-terminal region of SLC34A2 between the first and third 

transmembrane domain, which means the complete second transmembrane domain was 

lost together with the upward and downward topological domains. 

DISCUSSION AND CONCLUSION 

PAM is a rare disease of respiratory system without any distinctive clinical manifestation. 

Although radiological examination can be used for the diagnosis of PAM, pathological 

evidence and genetic tests are necessary for the confirmation of the disease, especially 

when clinical experiences of the professionals are limited [Emiralioglu et al., 2016; Francisco 

et al., 2015]. In this case, the clinical features of the patient and radiograph of the chest 

showed some characteristics of pulmonary fibrosis. Results from bronchoscopy and 

pathological examination provided the clue of PAM and the history of inbred marriage was 

discovered. Mutation screening in SLC34A2 and the detected deletion of exon 5 was the last 

but most important step to convince the doctors of the diagnosis of PAM, which also 

provide enough information for disease treatment and genetic counseling. The patient and 

family members benefit a lot from genetic tests by saving much time and money trying to 

treat the disease as pulmonary fibrosis or other pulmonary diseases with similar features. 
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Mutations in SLC34A2 causing PAM was first reported in 2006 and several literatures 

including reviews have been published since [Corut et al., 2006; Huqun et al.,2007]. Most of 

the mutations reported are cases in Turkish, Japanese and Chinese [Yin et al., 2013]. One 

case from Italy was also reported in 2015 [Vismara et al., 2015]. In those reports, different 

mutations, mostly point mutation and deletions, were detected without obvious hotspot 

region. Exon1, 2, 3, 4, 6, 7, 8, 11, 12 and 13 were involved mainly. By reviewing of literatures, 

some also suggest that exon7 and exon8 seemed liable to be affected typical Mongoloid of 

PAM, and exon8 might be the screen target for Chinese patients [Wang et al., 2014]. All of 

those mutations were homozygous and the history of inbred family is very common. In our 

case, family history and molecular genetic changes in the family are in consistent with 

previous reports. But the mutation detected in this study revealed a new exon of SLC34A2 

(eg. Exon 5) involved in PAM. This is the first report of SLC34A2 mutation involving exon5, 

suggesting that residues encoded by this exon are essential for the normal function of the 

translated protein which is a sodium-dependent phosphate transport protein with eight 

transmembrane domains [Wagner et al., 2014]. Amino acids translated from exon 5 

constitute the second transmembrane domain and the nearby topological domains. 

Blat analysis of the breakpoints sequence showed that a 4 bp fragment of ‘TGGG’ was 

located on the edge of both upstream and downstream breakpoints. This may cause the 

homologous recombination and lead to the subsequent deletion. Further analysis of the 

breakage also revealed that the upstream breakpoint lies in the same region as the 

breakpoint of a fused gene SLC34A2-ROS1. In the fusion protein, the N-terminal region of 

SLC34A2, ending just before the second transmembrane region, is fused to the 

transmembrane region of ROS, producing a chimeric protein that retains a constitutive 
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kinase activity. This fused mutation was commonly found in a lung cancer cell line HCC78 

described as “ROS1-addicted”. Similar condition was reported in several type of human 

cancer cells including non-small-cell lung cancer (NSCLC) and gastric carcinoma cells [Rikova  

et al.,2007; Lee et al., 2013; Davies et al., 2012]. This suggest that the breakage upstream of 

exon 5 detected in this study maybe a hotspot of recombination, leading to the deletion 

mutation in SLC34A2 gene or the complete loss of all the following exons and formation of 

the fusion gene. Molecular genetic study of more cases of PAM may discover more 

mutations in the similar location. Shared hotspot of mutation of SLC34A2 in both PAM and 

HCC78 cell line also indicates that genes responsible for Mendelian hereditary diseases, 

especially those with frequent deletions may also be the target for somatic mutations and 

trigger the transformation of normal cells by forming fusion genes with oncogenes.  
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Figure 1. Clinical diagnosis of PAM in the family. A. PAM menifestations in the proband. 

Left: X-ray film of the chest showing numerous micronodules in the bottom lung field, 

obscuring the cardiac shadow; Middle: CT scan of the lung showing consolidation and 

diffuse opacities in both lungs; Right: examination of bronchoalveolarlavage liquid showed 

concentric lamellar structures occupying the entire alveolar space (arrows). B. CT scan of the 

lung in other family members. Left: the proband’s sister has similar chest radiograph results 

as the proband. Middle and Right: normal CT scan results in the proband’s father (middle) 

and mother (right). 

 
 

Figure 2. Confirmation of the deletion and breakpoints by Gap-PCR and sequencing. A. 

Positive Gap-PCR results in the proband (P), her sister (S), father (F) and mother (M). 

Positive amplification of Exon 5 in the parents and negative results of the siblings. B. 

Chromatogram of Gap-PCR products. The frames and underlines indicate the same 

sequences as figure 2B. C. Illustration of the deleted sequence and the two breakpoints. 

Letters in blue lower case stands for the deleted nucleotides in intron 4 and intron 5. Letters 

in green upper case is the deleted exon 5. Sequences near upstream and downstream 

breakpoints are red letters with blue and brown frames, respectively. Homologous 

sequences of ‘tggg’ on the edge of both breakpoints are underlined. 
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