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ABSTRACT: Pulmonary alveolar microlithiasis (PAM) is a rare diffuse lung disease characterised

by the accumulation of calcium phosphate microliths within the alveoli.

The causative mechanism of PAM has only recently been discovered, and involves a gene

mutation of sodium phosphate co-transporter, which is expressed by alveolar epithelial cells. This

mutation may have variable consequences on the clinical phenotype. However, pulmonary cell

immune phenotyping in familial PAM has not previously been assessed.

In the present article, the analysis of bronchoalveolar lavage fluid of two siblings with PAM

diagnosis revealed a pattern of lymphocytic alveolitis with accumulation of CD8+ T-cells. The

clonal complexity of this lymphocyte’s population was assayed by spectratyping, which showed

an oligoclonal accumulation of T-cells with a restricted variable beta T-cell receptor (TCR) gene

usage. TCR analysis in peripheral blood lymphocytes revealed no abnormal patterns of T-

lymphocytes.

In the pulmonary alveolar microlithiasis familial cases reported, CD8-mediated maladaptive

immune response may have taken place in the bronchoalveolar compartment. The relationship

between this immune dysregulation and genetic background in pulmonary alveolar microlithiasis

warrants further investigation.

KEYWORDS: Bronchoalveolar lavage, diffuse lung disease, pulmonary alveolar microlithiasis, T-
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P
ulmonary alveolar microlithiasis (PAM) is
a rare diffuse lung disease characterised
by progressive intra-alveolar formation

and accumulation of tiny, rounded corpuscles
called microliths [1]. The analysis of reported
cases reveals that the disease is prevalent
amongst family units with a high rate of
consanguinity among the parents of affected
individuals [2, 3], suggesting the hypothesis of

the role of genetic factors in causing PAM [4].
Recently, CORUT et al. [5] have identified the gene

mutation responsible for the disease as SLC34A2

(the type IIb sodium phosphate co-transporter

gene), which is involved in phosphate homeo-

stasis in several organs, including the lung. Due

to this important discovery, it is now clear that

intra-alveolar microliths’ formation is the result of

phosphate-chelating calcium present in the extra-

cellular fluid. This is due to the loss of function of

the gene product, expressed by alveolar II type

epithelial cells, with a consequently decreased
phosphate cell uptake needed for surfactant

production. The consequence of this genetic back-
ground on phenotype is unknown.

Remarkably, despite its application in disease
diagnosis, only few data exist documenting the
phenotypic constituents of bronchoalveolar
lavage fluid (BALF) in PAM; moreover, the T-
lymphocyte antigen-recognising structure, T-cell
receptor (TCR), has not been examined in PAM.
TCRs are heterodimers comprising either a/b or
c/d chains, each encoded by rearranged gene
segments during T-cell ontogeny [6]. In particu-
lar, b-chain diversity is crucial for the ability of
the T-cell population to recognise and respond to
the vast number of different antigens that may be
encountered [7]. Indeed, an accumulation of T-
cells showing restricted TCR gene usage has been
demonstrated in other diffuse lung diseases,
including berillyosis, sarcoidosis and extrinsic
allergic alveolitis [8–10]. The present authors
report herein the BALF and peripheral blood
lymphocyte (PBL) analysis of two siblings
affected by familial PAM.
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PATIENTS AND METHODS
Patients
The present study subjects comprised two siblings, a 24-yr-old
male and a 27-yr-old female, who had received a diagnosis of
PAM in childhood by observation of typical radiological
features and from the finding of calcospherites in BALF.
Both patients had no referred smoking history. At the visit,
they denied significant respiratory symptoms except for mild
exercise limitation. Radiography and high-resolution com-
puted tomography (HRCT) features showed the typical
findings of PAM (fig. 1) [11]. The patients gave their written
informed consent to take part in the study, which was
approved by the local Ethical Committee.

The whole-body bone scintigraphic scan, by intravenous
administration of 740 MBq of technetium 99m-methylene
diphosphonate (99mTc-MDP), showed both patients to have
an intensive bone remodelling activity with a diffuse and
abnormal pulmonary uptake in all the scan planes of the
thoracic region. The laboratory data, including urine analysis,
sweat chloride, blood glucose, calcium and phosphate blood
levels, renal and liver function tests, and thyroid hormone and
uric acid blood levels were within normal ranges in both
patients. The tuberculin Mantoux skin test was negative.
Microbiological examination for Mycobacteria, fungi and
bacterial species did not reveal any alveolar contamination.
BALF samples from both patients were examined by PCR

FIGURE 1. Radiological findings in two siblings affected by pulmonary alveolar microlithiasis (PAM). a) and b) Chest radiographs show widespread small nodules,

diffusely involving both the lungs, and commonly described as ‘‘sand storm-like’’. c) and d) Chest computed tomography images of the same PAM siblings presented

multiple abnormalities, as follows. Interlobular septal thickening (ILST), an abnormal widening of interlobular septum; micronodules (MN), discrete, small, round focal

opacities ,3 mm in diameter; parenchymal band (PB), elongated opacity, usually several millimetres wide and up to ,5 cm long, often extending to the pleura; and

subpleural interstitial thickening (SPIT), consisting of thickened fissures.
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analysis for detection of Herpes virus type 1 and 2, Epstein–
Barr virus and cytomegalovirus; all results were negative.

Genealogical tree
The genealogical tree of PAM patients is represented in
figure 2. A consanguinity degree between the parents of the
patients was shown, as they were sons of two cousins. In the
familial line of the mother, multiple cases of renal disorders
were reported, including nephrolithiasis, polycystic kidney
disease and chronic renal failure. In the father’s familial line,
there was an high rate of chronic liver disease complicated by
cirrhosis in 10 members (II3, III2, III3, III18, III19, IV2, IV3, IV4,
IV5 and IV12) or liver carcinoma in a further three cases. At the
time of the present study, the other female sibling of the two
patients was unaffected, and reported no respiratory, renal or
liver diseases.

Bronchoalveolar lavage procedures and handling of cells
Bronchoalveolar lavage (BAL) was performed with a flexible
bronchoscope with local xylocaine anaesthesia. The broncho-
scope was wedged in a bronchus in the middle lobe and sterile
phosphate-buffered saline solution at 37uC was instilled in
three 50-mL aliquots. After each instillation, the fluid was
gently aspirated and collected in a siliconised plastic bottle
coded by number and placed on ice. BALF was filtered
through two layers of sterile cotton gauze to remove mucus
and was then centrifuged at 2406g for 10 min. BALs were
carried out on the first hospital admission (time 0) and then
3 months later (time 1), when the clinical state and respiratory
symptoms were steady. Total alveolar cell population was
counted using an optical microscope with a Burker chamber.
Recovered cells showed .90% viability, as assayed by trypan
blue exclusion. Smears for differential counts were prepared

by cytocentrifugation, followed by May–Grunwald–Giemsa
staining. Peripheral blood mononuclear cells (PBMC) were
separated from heparinised blood by Ficoll-Hypaque gradient
centrifugation (Pharmacia, Uppsala, Sweden), washed twice
and then diluted in RPMI-1640 (Sigma Aldrich, Milan, Italy).

Immunofluorescence and flow cytometry
Monoclonal antibodies (cluster of differentiation (CD)45 PC5,
CD3 FITC, CD4 PE, CD8 PC5, CD19 PE, CD16 PE; Beckman
Coulter Co., Marseille, France) were utilised according to the
following triple sampling: CD45 PC5, CD3 FITC, CD19 PE
(immunological gate on CD45-positive cells in order to
evaluate T- and B-lymphocytes); CD45 PC5, CD3 FITC, CD16
PE (immunological gate on CD45-positive cells in order to
evaluate T- and natural killer-lymphocytes); and CD3 FITC,
CD4 PE, CD8 PC5 (immunological gate on CD3-positive cells
in order to evaluate CD4+ and CD8+ T-lymphocytes). Aliquots
of BAL and PBMC cells were washed twice in RPMI-1640
(Sigma Aldrich, Milan, Italy), triple stained with the reported
antibodies and, finally, analysed in a Coulter Epics XL
(Beckman Coulter Co.) with an XL System II software version
3.0 according to a previously reported procedure [12].

Analysis of beta variable CDR3 etherogeneity length by
spectratyping
The beta variable (BV) region of the TCR was studied using the
spectratyping method as previously reported [13]. T-cells were
separated from BALF and from PBL into CD8+ and CD8- cells
by magnetic sorting with coated beads (Dynabeads; Dynal,
Oslo, Norway). RNA was prepared using Trizol (Invitrogen,
Milan, Italy) according to the manufacturer’s instructions.
Reverse transcription and PCR amplification for the 26
different BV TCR families was performed in a single-step

FIGURE 2. Pedigree of two siblings ($ and &) affected by pulmonary alveolar microlithiasis. It is noticeable that there is a degree of consanguinity between the parents

of the patients, as they are second cousins (i.e. the offspring of cousins). In the familial line of the mother, there were multiple cases of renal disorders, while in the father’s line,

many siblings were affected by chronic hepatitis complicated by cirrhosis or liver carcinoma. h: male; #: female; /: indicates the subject died.
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reaction with the SuperScript2 III One-Step RT-PCR System
with Platinum1 Taq DNA Polymerase (Invitrogen). Briefly, the
same primers were used both for reverse transcription and for
amplification. A common reverse primer (CB3 primer) was
used in conjunction with 24 different forward primers (TCRBV
gene family primers), whose sequences corresponded to those
described by GORSKI et al. [14]. To resolve the composition of
each BV TCR family, the PCR products were run on a
sequencing gel in a fluorescence-based DNA sequencer (ABI
377; Applied Biosystems, Warrington, UK). Normally, each
TCR family is resolved by this technique as a series of bands
with a Gaussian distribution. Each alteration, in either the
distribution or the intensity of the single bands, represents a
perturbation in the given BV TCR family reflecting the
involvement of that family in an immune response towards
one or more antigens.

RESULTS
Clinical parameters
Lung volumes were within normal limits, while the diffusing
capacity of the lung for carbon monoxide (DL,CO) showed
mild-to-moderate reduction in both subjects (DL,CO 8.72 (74%)
and 6.47 (66.5%), DL,CO per unit of alveolar volume 1.32
(77.5%) and 1.55 (84%) in patients 1 and 2, respectively).
Resting blood gases revealed mild hypoxaemia compared with
age (8.49 and 9.25 kPa, respectively).

BALF and PBMC
The total number of cells recovered by both BALF (at time 0
and time 1), the percentage of lymphocytes in BALF and the
relative occurrence of major lymphocyte subsets in BALF and
PBL lymphocytes of both PAM patients are reported in table 1.
The total BALF cellular count was raised (3.0/7.06105 and
5.0/4.06105 cells?mL-1 at time 0 and time 1, respectively)
compared with normal values for a person of the same age
(0.5–16105 cells?mL-1, as previously reported [12]). Lympho-
cyte percentage, determined by differential counting of cells on

the alveolar cytogram using May–Grunwald–Giemsa stained
smears, was largely increased in both patients at the different
times, and always consisted of .30% BALF T-cell subpopula-
tions, as analysed by flow cytometry. This revealed that, in
both patients, an increased amount of the CD8+/CD3+ subset
was present, with subsequent inversion of CD4+/CD8+ ratio.
The PBL cellular pattern did not show any lymphocytic
abnormalities compared with the reference values of subjects
of same age.

TCR BV gene usage
To evaluate the clonal complexity of the lymphocyte popula-
tion accumulating in the bronchoalveolar compartment of the
present study’s PAM patients, the CDR3 heterogeneity length
of 26 BV genes expressed by T-lymphocytes isolated from
BALF was measured by spectratyping analysis at time 1 of the
study. As CD8+ T-cells represented the large majority of T-
lymphocytes in both patients, this subset was separated by
magnetically labelled antibodies in order to analyse specifically
the TCR repertoire expressed by cytotoxic CD8+ T-cells. The
current authors found a restricted BV gene usage in both
patients. In patient 1, 14 out of 26 BV families were expressed
in CD8+ lymphocytes (fig. 3). In CD8+ cells, only four families
displayed a Gaussian profile, and BV25 alone represented 31%
of the whole BV repertoire expressed in CD8+. Spectratyping
analysis revealed a marked restriction in BV usage and also in
lymphocytes isolated from the BALF of patient 2. Thirteen out
of 26 BV families were expressed in CD8+ T-cells. None of
them showed a normal profile. Noticeably, BV2 represented
36% of whole BV families expressed in CD8+ lymphocytes
(fig. 3). It is noteworthy that, in both patients, BV6.2 and BV7
showed a similar pattern and a comparable frequency of
expression. Furthermore, BV2, 5.1, 7, 8, 13, 17, 18, 20 and 21 are
present in CD8 lymphocytes of both patients. Conversely,
spectratyping analysis of PBLs revealed no differences
between PAM patients and healthy volunteers of the same
age (fig. 3 and data not shown).

TABLE 1 Total number of cells recovered by bronchoalveolar lavage (BAL), percentage of lymphocytes in BAL and relative
occurrence of major lymphocyte subsets in BAL and peripheral blood lymphocytes (PBL) of two pulmonary alveolar
microlithiasis familial cases

Patient 1 Patient 2

Time 0 Time 1 Time 0 Time 1

BAL

Cells n 6105 cells?mL-1 3.0 7.0 5.0 4.0

Cells n 6106 13.5 40.5 22.5 18

Lymphocytes % 35 40 55 46

CD3+ % 97 93 94 95

CD3+/CD4+ % 16 21 22 12

CD3+/CD8+ % 80 50 60 76

PBL

CD3+ % (cells?mm-3) 76 (2347) 76 (3007) 68 (1905) 75 (1332)

CD3+/CD4+ % (cells?mm-3) 33 (1019) 34 (1353) 40 (1124) 47 (839)

CD3+/CD8+ %c (ells?mm-3) 39 (1205) 38 (1503) 18 (514) 18 (320)

Lymphocytes were gated by forward- and side-scatter, and the values for the percentages of CD3+, CD4+/CD3+ and CD8+/CD3+ cells calculated. Both cellular patterns

show typical features of TCD8+ lymphocytic alveolitis.
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DISCUSSION
In the two siblings studied, the diagnosis of PAM was based on
clinical history, typical chest radiological appearance (radio-
graphy and HRCT), and on the presence of calcosperites in
BALF, the latter being considered diagnostic for PAM (fig. 4).
Furthermore, the present patients showed no signs of remote
or current alveolar infection, which may induce PAM-like
alterations. Accordingly, RATJEN et al. [15] reported an unusual
case of PAM, which was associated with intense lymphocytic
alveolitis resulting from lymphocytic interstitial pneumonitis
(LIP). LIP was considered unlikely in the present subjects from
the clinical and radiological features. Furthermore, there was
no sign of any underlying systemic or autoimmune disorders,
which are frequently associated with LIP, and all systemic
auto-antibody tests were negative. Moreover, the subjects did
not present with HIV or Epstein–Barr virus infection and had
no evidence of other viral infections.

To evaluate the reliability and the reproducibility of the data,
BALF and blood analysis were repeated in both patients at a
different time (3 months later).

The present results show that the BALF of two siblings affected
by familial PAM present an intense lymphocytic alveolitis,
characterised by the prevalence of CD8+ T-cells and associated
with abnormalities in their TCR pattern. In all the BALF, flow
cytometry revealed an unexpected accumulation of CD8+

T-cells that, at the spectratyping analysis carried out at time 1
of the study, expressed a restricted BV gene usage. Some of the
clonal expansions found in the BALF T-lymphocytes’ TCR
repertoire showed a similar profile in both PAM patients
(families 6.2 and 7). To the present authors’ knowledge, a
formal immunophenotyping analysis of BALF in familial PAM
is not available in the literature. TCR repertoire can be defined
as normal when all BV families are expressed at comparable
frequencies, and show a bell-shaped ‘‘Gaussian’’ profile.
Altered profiles, such as those found in the BALF lymphocytes
of the present study’s patients, may reflect either an antigen-
driven clonal selection or an intrinsic process of immune
dysregulation taking place in the alveolar space; indeed, the
majority of BV families expressed were altered and only one
BV family (BV25 and BV2 in patient 1 and 2, respectively)
represented .30% of the TCR expressed by the CD8+ T-cells
population. The absence of the same alteration in PBLs
indicates that the perturbation is not intrinsic to the CD8+ T-
lymphocytes, but is specific for BALF T-lymphocytes.

There are also some similarities between the BALF pattern
shown in PAM in the present study and what has been
reported in the subacute phase of hypersensitivity pneumoni-
tis (HP) [16]. Actually, a CD8+ T-lymphocyte alveolitis with
accumulation of T-cells using a limited number of BV genes
has been documented in HP [10, 17, 18]. However, the history
and clinical course of the present cases was not suggestive of
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FIGURE 3. Spectratyping analysis of CD8+ T-lymphocytes in bronchoalveolar lavage fluid. Frequency distribution of beta variable (BV) families expressed by CD8+T-

lymphocytes in bronchoalveolar lavage fluid (BALF) from a) patient 1 and b) patient 2. h: normal families (.5 rearrangements distributed in a Gaussian fashion); &: skewed

families (,5 rearrangements); &: oligomonoclonal families (1–2 major peaks). c) and d) CDR3 size distribution profiles of BV families over-expressed in BALF from c) patient

1 and d) patient 2. The top panels represent expression from BALF and the bottom panels represent expression in peripheral blood lymphocytes. The number in each box

indicates the BV family. The expression profile of correspondent BV families in peripheral blood is shown. Families are aligned by molecular size. TCR: T-cell receptor.
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HP. Moreover, the present authors were unable to detect
identical T-cell clones in the lung and in the blood of the PAM
subjects, as recently reported in patients with HP.

Recently, CORUT et al. [5] identified the gene responsible for
PAM in a large family and identified homozygous mutation in
SLC34A2 (the type IIb sodium phosphate co-transporter gene).
In light of this finding, it is certain that PAM is a recessively
inherited disease showing a full genetic penetration, with
environmental factors playing a minor role. However, in
contrast with the predicted severe effects of the identified
mutations on the protein product of the gene or on gene
expression, the patients with PAM studied by CORUT et al. [5]
had mild clinical phenotypes, with the exception of the
smokers. This lack of a genotype–phenotype correlation was
also supported by the variation in age at onset among the
affected members of the large family evaluated.

As the identification of gene mutation responsible for PAM has
only very recently become available, after the completion of the

present article, the present authors did not examine DNA from
their subjects for the SLC34A2 mutation; however, this genetic
abnormality was documented by CORUT et al. [5] in all their
unrelated subjects with PAM diagnosis and the present
authors believe that this might have implications in the
interpretation of their data. The type IIb sodium phosphate
co-transporter plays a crucial role in the homeostasis of
inorganic phosphate and it is expressed in lung only in
alveolar type II cells, which are responsible for production of
surfactant, comprising phospholipids and surfactant proteins
(SP), the most abundant of which are SP-A and SP-D [19].
Noticeably, alveolar lymphocytes are exposed to surfactant,
which in turn may inhibit mitogen-induced lymphocyte
proliferation [20, 21]. Furthermore, SP-D and SP-A may
provide an important link between innate and adaptive
immunity, by modulation of dendritic cells and T-cell func-
tions [22]. Both SP-A and SP-D would suppress T-cell
activation in the alveolar space, which if it occurred, could
result in an inflammatory cascade with the possible conse-
quence of lung damage and impaired gas exchange [23]. Thus,
the current authors could speculate that in PAM, the altering of
the alveolar environment by a genetic mutation affecting
sodium phosphate co-transporter in surfactant-producing
epithelial cells would determine some local imbalance in
immune effector response.

Additionally, PAM is a recessive inherited disease, occurring
with both a familial and sporadic pattern [5, 24, 25], and with a
high proportion of familial cases among Turkish and Italian
case series. Interestingly, examination of the genealogical tree
in the present PAM cases showed an important consanguinity
grade with a high frequency of chronic liver disease and
hepatic cirrhosis in the paternal line where clonal T-cell
abnormalities have been reported [26, 27].

In conclusion, in the present study’s familial pulmonary
alveolar microlithiasis cases, an intense lymphocytic alveolitis
was found in the bronchoalveolar lavage fluid with the
prevalence of CD8+ T-cells, associated with abnormalities in
their T-cell receptor pattern. From the present study, the issue
remains whether this is a hitherto unrecognised component of
pulmonary alveolar microlithiasis or whether this is an idiosyn-
cratic (or other) reaction limited to this particular pedigree.
Additional studies are required to examine the relationship
between abnormalities of bronchoalveolar lavage cells and the
recently characterised genetic background in pulmonary alveo-
lar microlithiasis, in order to understand the cellular and
molecular mechanisms accounting for the tissue damage in this
rare, currently untreatable diffuse lung disease [28].
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