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OBJECTIVE: To analyse and compare the expression of
Palate, Lung, and Nasal Epithelium Clone (PLUNC)
proteins in salivary glands from patients with and without
AIDS (control group) using autopsy material.
METHODS: We analysed the expression of PLUNCs
using immunohistochemistry in parotid (n = 45),
submandibular (n =47) and sublingual gland (n =37)
samples of AIDS patients [30 with normal histology, 21
with mycobacteriosis, 14 with cytomegalovirus (CMYV)
infection, 30 with chronic non-specific sialadenitis, and
30 HIV-negative controls. In situ hybridization (ISH) for
SPLUNC 2 in the HIV-negative group was performed.
RESULTS: SPLUNC | expression was detected in the
mucous acini of submandibular and sublingual glands,
and SPLUNC 2 were seen in the serous cells. LPLUNC
| expression was only positive in the salivary ducts.
There was a higher expression of SPLUNC 2 in AIDS
patients with CMYV infection and mycobacteriosis when
compared with all other groups. The intensity of stain-
ing for SPLUNC 2 was greater around the lesions than
the peripheral ones. ISH for SPLUNC 2 showed peri-
nuclear positivity in the serous cells in all HIV-negative
cases.

CONCLUSIONS: SPLUNC | and LPLUNC | proteins
were similarly expressed in the salivary glands of AIDS
patients and non-HIV patients. CMV infection and
mycobacteriosis increase SPLUNC 2 expression in serous
cells in the salivary gland of AIDS patients.
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Introduction

The cumulative, global, number of cases of acquired
immunodeficiency syndrome (AIDS) surpassed 33 mil-
lion in 2009 (UNAIDS, 2009). Infections, neoplasms
and inflammatory conditions associated with AIDS
often involve the salivary glands and detection of these
lesions is considered an important outcome measure
contributing to staging and prognosis of the disease
(Greenspan et al, 2000; Leon et al, 2009). Salivary gland
infections associated with AIDS include tuberculosis
(Singh et al, 1998; Vargas et al, 2003; Miziara et al,
2005), histoplasmosis (Raab ez al, 1994; Hernandéz
2004; Joshi et al, 2006), mycobacteriosis (Elvira et al,
1998; Ohtomo et al, 2000; Vargas et al, 2003; De Faria
et al, 2005; Rangel et al, 2005; Leon et al, 2009),
cryptococcosis (Monteil et al, 1997; Vargas et al, 2003;
Leén et al, 2009) and cytomegalovirus (CMV) (Wagner
et al, 1996; Vargas et al, 2003; Ledn et al, 2009), non-
Hodgkin lymphoma and Kaposi’s sarcoma are common
malignancies in AIDS patients and inflammatory disor-
ders include lymphoepithelial cysts (Vargas et al, 2003;
Leén et al, 2009) and sialadenitis (Gomes et al, 2006).
The mucosal surface of the oral cavity is continually
exposed to large, complex, commensal microbial popu-
lations, which elicit no significant response despite
intimate contact. An effective innate immune system is
of central importance in maintaining this host-microbe
homeostasis and thus preventing infection. In particular,
oral tissues appear to be naturally resistant to human
immunodeficiency virus type 1 (HIV 1) infection (Lu
and Jacobson, 2007; Rocha et a/,2008; Leon et al, 2009).
Palate, Lung, and Nasal Epithelium Clone (PLUNC)
was first described in the nasal epithelium of the mouse
embryo and the trachea and bronchi of adult mouse
lung (Weston et al, 1999). We have shown that human
PLUNC belongs to a family of 10 genes located on
chromosome 20ql1 and that they are expressed in the
upper airway, oro- and nasopharynx. We have also
shown that PLUNC proteins demonstrate significant
structural similarity to LPS binding protein (LBP) and



Bactericidal/Permeability-Increasing protein (BPI), two
proteins, which are critical to the mediation of signals
from bacterial lipopolysaccharide (LPS), a major micro-
bial effector molecule present in cell walls of Gram-
negative bacteria. Our structural data also indicates that
PLUNC proteins can be subdivided into short (SPL-
UNC) and long (LPLUNC) proteins, with the ‘short’
proteins (around 25 kDa) having homology to the
N-terminal domain of BPI/LBP and the ‘long’ proteins
(around 40 kDa) having homology to both domains of
BPI/LBP. In this terminology the prototypic protein
originally identified as PLUNC becomes SPLUNC 1
and there are four ‘short” proteins (1-4) and six ‘long’
proteins (1-6) (Bingle and Bingle, 2000; Bingle and
Craven, 2002; Bingle et al, 2004, 2009). Due to the
structural similarities of PLUNC proteins, BPI and LBP
we have hypothesized that PLUNCs will play a role in
innate immunity, however, recent studies have suggested
that SPLUNC 1 may also act as a surfactant and play a
role in airway surface liquid volume regulation (Yuan
et al, 1997).

To date there are no reports in the literature inves-
tigating the expression of PLUNC proteins in salivary
glands of AIDS patients with or without infectious
lesions. The objectives of this study, therefore, were to
analyse and compare the expression of PLUNC proteins
in salivary glands from patients with and without AIDS
using autopsy material collected in the Department of
Pathology, Sao Paulo Medical School from 1996 to
2000.

Materials and methods

Patient population

Ethics Committee approval for the use of autopsy
samples was given by Piracicaba Dental School, Uni-
versity of Campinas and Sdo Paulo Medical School,
University of Sdo Paulo.

A total of 35 parotid glands, 37 submandibular glands
and 27 sublingual glands of patients who had died of
AIDS were used in this study. Histological analysis of all
cases used in this research has previously been reported
(Vargas et al, 2003; Rangel et al, 2005; Rocha et al,
2008; Leon et al, 2009). Clinical records provided
information regarding age, gender, and salivary gland
related diseases. Patient material was divided into five
groups for PLUNC protein expression analysis: group 1
control (HIV negative, 30 cases, 10 cases of parotid
gland, 10 cases of submandibular gland and 10 cases of
sublingual gland), group 2 HIV+ without histological
changes in salivary glands (30 glands, 10 cases of parotid
gland, 10 cases of submandibular gland and 10 cases of
sublingual), group 3 HIV+ with mycobacteriosis (21
cases, 8 cases of parotid gland, 8 cases of submandibular
gland and 5 cases of sublingual gland), group 4 HIV +
with CMV (14 cases, 5 cases of parotid gland, 8 cases of
submandibular gland and 1 case of sublingual gland)
and group 5 HIV + with sialadenitis (30 cases, 10 cases
of parotid gland, 10 cases of submandibular gland and
10 cases of sublingual gland). In groups 3 and 4, two
different regions were analysed: (1) areas around the
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granuloma or glandular parenchyma where the tuber-
culosis bacillus or CMV infection was previously
detected and (2) areas in the periphery of the lesion at
least one field of view (200 x ) distant.

Antibodies

SPLUNC 1 polyclonal rabbit antibody was a generous
gift from Dr P Whitney, University of Miami. Two
SPLUNC 2 and one LPLUNC 1 affinity purified,
peptide-specific, polyclonal antibodies were generated
by Eurogentec (Seraing, Belgium) using established
methods. The SPLUNC 2 antibodies were labelled A
and B and the peptide sequence used for SPLUNC 2A
corresponded to amino acids 156-168: (VTIETDPQT-
HQPYV), for SPLUNC 2B corresponded to amino acids
236-249-COOH: (VDNPQHKTQLQTLI) and for LPL-
UNC 1 corresponded to amino acids, 472-484: (AS-
LWKPSSPVSQ) at the extreme C-terminus of the
protein in the second BPI domain. These peptides were
chosen so as to have minimal sequence conservation
between man and mouse and no similarity with other
members of the PLUNC family.

Immunohistochemistry

All immunohistochemical reactions followed standard
protocols. Sections were deparaffinized and rehydrated
with xylene and 100% alcohol. Endogenous peroxidase
activity was blocked by quenching in 3% H,0, in
methanol for 20 min. The sections were rinsed in PBS
and where necessary (antibodies SPLUNC 2A and
LPLUNC 1) antigen retrieval was performed by micr-
owaving for 8§ min in 0.01 M sodium citrate buffer.
After a further rinse in PBS sections were incubated in
100% normal serum (corresponding to the species of the
secondary antibody) for 30 min at room temperature in
a humidified chamber. The serum was drained and
replaced with primary antibody diluted in the same
100% normal serum (1:300 SPLUNC 1, 1:250 SPLUNC
2A, 1:500 SPLUNC 2B and 1:600 LPLUNC 1), which
was left on the sections overnight at 4°C in a humidified
chamber. A Vectastain kit (Vectastain Elite ABC kit,
Vector Laboratories, Peterborough, UK) was used for
the secondary antibody (according to the manufac-
turer’s instructions) and a VectorRed Kit (Vector
NovaRed, Vector Laboratories, Peterborough, UK)
was used for colour development. Expression of
PLUNC proteins was classified as either positive or
negative and positive reactions were further quantified
by intensity of cytoplasmic marking (weak, moderate or
severe) using Image-Pro Plus version 4.5.

In situ hybridization for SPLUNC 2

RNA extracted from submandibular gland was used as
template for amplification by the polymerase chain
reaction (PCR) with specific SPLUNC 2 primers
(forward primer 5 AACTGATCCCCAGACACACC
3" and reverse 5% GACAATGGGCCTTTATTGC 3).
Following agarose gel electrophoresis DNA was
extracted using a QIAquick kit (Qiagen, Crawley,
UK), according to the manufacturer’s instructions.
The DNA was cloned into pCR ™1II vector (Invitrogen,
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Carlsbad, CA, USA) following the manufacturer’s
instructions and following growth in LB broth the
plasmid was purified using a QIAprep kit (Qiagen). An
ECO-R1 digest (Promega, Southampton, UK) was used
to verify correct orientation of the plasmid DNA.
Plasmid DNA was linearized with the Hind IIT and
Xho I restriction enzymes and a DIG RNA Labelling
Kit (Roche Science, Burgess Hill, UK) was used to
synthesize digoxigenin-labelled sense and antisense
riboprobes. In situ hybridization was performed as
described previously (Lu and Jacobson, 2007) with
minor modifications. Paraffin-embedded tissue sections
(3 um) were dewaxed by treatment with xylene
(3 x 15 min), hydrated with 99%, 95% and 75% alcohol
(5 min each), and washed with water and PBS (10 min
each). The sections were then treated with proteinase K
(250 pg/ml, 37°C for 35 min, Sigma Aldrich, Dorset,
UK), postfixed in 4% paraformaldehyde and 50 pl
prehybridization mix (Sigma Aldrich) added for 30 min
at 60°C. 50 ul of hybridization solution (prehybridiza-
tion solution plus digoxigenin-labelled riboprobe) was
added to the section and covered with a glass coverslip
before incubation at 60°C overnight. The sections were
washed with 2xSSC (Sodium Chloride, Sodium Citrate,
Sigma Aldrich) at room temperature, twice with 25%
formamide in 2xSSC at 45°C for 30 min and then with
2xSSC at 45°C for 30 min. Hybridized probe was
detected using the DIG nucleic acid detection kit (Roche
Science, UK). Controls run in parallel with each
experiment included tissue sections that were incubated
in hybridization mix without probe. None of the control
sections showed staining.

Statistics

Statistical analysis was performed used parametric and
non-parametric methods, Kruskal-Wallis and Mann—
Whitney z-test and ANOVA for comparison between
groups. We used spss version 13.0. The test was
considered statistically significant when P value is <or
equal to 0.05.

Results

Patient population

There were ten males and four females in the control
group. None of the patients showed evidence of salivary
gland related complaints, gland enlargement or salivary
gland disease prior to death.

Oral Diseases

There were 43 males and 20 females in the AIDS
group. The CD4 level prior to death was obtained for 44
patients, with a median of 63.2 cells/ul. None of the
patients showed evidence of salivary gland related
complaints, gland enlargement or salivary gland disease
prior to death.

The average age of patients in the control group was
60.9 years (range 45-70), whilst that of autopsied AIDS
patients was 37.8 years (range 15-69) confirming that
AIDS is more prevalent in younger adults (World
Health Organization, 2009; Rana et al, 2000; Eza et al,
2003). According to the Ministry of Health in Brazil, in
1985 the ratio of HIV-infected males: females were 25:1,
whilst at the end of 2007 this ratio was 2:1. In the
present study the male:female ratio was also 2:1.

The patients were divided into five groups for analysis
of PLUNC protein expression in salivary glands: group
1 control (HIV negative), group 2 HIV positive (HIV +)
without changes in the salivary glands, group 3 HIV +
with mycobacteriosis, group 4 HIV+ with CMV and
group 5 HIV + with sialadenitis.

Immunohistochemistry
SPLUNC 1 — None of the parotid glands in any of the
five groups expressed SPLUNC 1. Staining was seen in
mucosal acinar cells of the submandibular and sublin-
gual glands but there were no statistically significant
differences between the five groups of patients.
SPLUNC 2A — The SPLUNC 2A antibody stained
serous acinar cells in parotid, submandibular and
sublingual glands. There were no differences in staining
in groups 1 and 2 but in the mycobacteriosis group,
increased staining was seen around the lesion
(P = 0.019) compared to the periphery (P = 0.404)
(Figures 1A, B and 2). The parotid gland appeared to
show more intense staining than either the submandib-
ular or sublingual glands but this was not statistically
significant (Figure 3). In the CMV group the intensity of
staining was statistically significant in (P = 0.003) when
comparing areas around the lesion with peripheral areas
(0.964) (Figure 4A and B). Only 1 case of CMV was
positive in the sublingual gland and thus results were
compared between submandibular and parotid glands.
SPLUNC 2B — SPLUNC 2B antibody is raised to an
epitope in the middle of the protein whilst antibody A is
raised to an epitope at the C terminus of the protein.
Our previous studies have indicated differential expres-
sion patterns with these two antibodies in normal

Figure 1 SPLUNC 2A. Parotid gland
affected by mycobacteriosis. (a) Observe the
intense positivity for SPLUNC 2A in the
serous cells (brown colour — area considered
as around the lesion). (b) Moderate positivity
for SPLUNC 2A in the serous cells (brown
colour — area considered as periphery of the
lesion) (streptavidin biotin peroxidase, 200x)
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Figure 2 SPLUNC 2A. Difference in staining intensity detected in the
area around the lesion and in the peripheral area of Mycobacteriosis
cases that affected salivary glands of HIV patients. The intensity was
measured as pixel/um
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Figure 3 SPLUNC 2A. Comparison of the intensity of staining in the
area around the lesion (blue colour) and in the peripheral area (green
colour) among major salivary glands infected by Mycobacterium
tuberculosis

Figure 4 SPLUNC 2A. Submandibular gland affected by CMV.
(a) Observe the immunoreactivity for SPLUNC 2A in the area around
the lesion (brown colour); (b) periphery of the lesion (brown colour)
(streptavidin biotin peroxidase, 200x)
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salivary glands. Thus we were interested to note any
differences in expression in the diseased glands used in
this study (Vargas et al, 2003; Leon et al, 2009). As with
antibody A positive staining was seen in serous acinar
cells of major salivary glands (Figure SA—C) and statis-
tically significant differences were again only observed in
the mycobacteriosis and CMV groups when comparing
intensity between the lesions (P = 0.0149) and periph-
eral areas(P = 0.210) for mycobacteriosis group and
P = 0.017 around the lesion and P = 0.215 in periph-
eral areas in CMYV infection (Figure 6A and B).
Although the stained area was larger in all cases of
mycobacteriosis and CMV groups the differences were
not significant.

LPLUNC 1 - LPLUNC 1 antibody was positive only
in the intercalated, striated and excretory ducts, being
completely negative in serous and mucous acinar cells
(Figure 7A—C). In the control group 7 of the 10 parotid
glands showed positivity and 8 of thel0 for submandib-
ular and sublingual glands. In HIV positive patients
without alteration immunoreactivity was seen in six
parotid glands, seven submandibular and all of the
sublingual glands evaluated. Only two parotid glands
and three submandibular glands in the Mycobacteriosis
group stained positively but again all of the sublingual
glands stained for LPLUNC 1. In the CMV group no
staining was found in the parotid glands and only three
submandibular and one sublingual gland stained posi-
tively. The sialedenitis group had four parotid, three
submandibular and three sublingual glands which
stained positively for LPLUNC 1.

In situ hybridization for SPLUNC 2 in control cases —
All cases (n = 30) were positive for SPLUNC 2, with
positive reactions being seen in the perinuclear region
(Figure 8). We observed marked, and more intense,
punctate staining in the periphery of serous acinar cells
of all cases.

Discussion

Several recent studies have evaluated systemic diseases
present in autopsied patients with AIDS (Drut et al,
1997; Hsiao et al, 1997; Kaiser et al, 2000; Ohtomo
et al, 2000; Eza et al, 2006) with a special emphasis on
the impact of antiretroviral therapy (Masliah et al,
2000); very few studies have evaluated the involvement
of the major salivary glands (Ihrler et al, 1996; Vargas
et al, 2003; Leon et al, 2009).

As in previous studies (Bingle et al, 2005) we found no
SPLUNC 1 in parotid glands and although mucous
acinar cells of submandibular and sublingual glands
stained positively there were no statistically significant
differences in any group in either intensity of staining or
area stained.

SPLUNC 2A and 2B antibodies were raised to
different epitopes in the protein and we have previously
found different staining patterns in normal salivary
glands (Bingle et al, 2005, 2009). In this study, however,
a both antibodies showed intense, positive staining in
serous acinar cells in all five groups we compared.
Significant differences were only found in cases of
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Figure 5 SPLUNC 2B. Intense immuno-
reactivity for SPLUNC 2B (brown colour)
in the serous cells of AIDS patients:

(a) parotid gland; (b) submandibular gland;
(c) sublingual gland (streptavidin biotin
peroxidase, 200x)

Figure 6 SPLUNC 2B. Submandibular gland
affected by CMV. (a) Observe the immuno-
reactivity for SPLUNC 2B in the serous cells
(brown colour — area considered as around
the lesion). (b) Immunoreactivity for
SPLUNC 2A in the serous cells (brown
colour — area considered as periphery of the
lesion) (streptavidin biotin peroxidase, 200x)

Figure 7 LPLUNC 1 expression in major
salivary glands of AIDS patients: (a) parotid
gland; (b) submandibular gland; (c) sublin-
gual gland. Note that only duct cells (brown
colour) were positive for LPLUNC 1 in the
major salivary glands (streptavidin biotin
peroxidase, 200x)
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Figure 8 Perinuclear positivity (blue dots) for SPLUNC?2 in the serous
cells of the submandibular gland in a HIV- negative patient (in situ
hybridization, 400x)

infection with MTB and CMV, again when comparing
with regions around the periphery of the lesion. Vargas
et al (2008) noted positive SPLUNC 2 staining in ‘plugs’
of mucin, mucous cells and intermediate cells of
mucoepidermoid carcinomas, but in this study we found
no staining of mucous cells. This is the first study
showing the expression of these proteins in patients with
AIDS and thus more research is needed to confirm our
findings.

Similarly with LPLUNC 1, Vargas et a/ (2008) found
positive staining in ‘plugs’ of mucin, mucous cells and
intermediate cells of mucoepidermoid carcinomas
whereas we only saw staining in striated and excretory
ducts; no staining in mucosal cells.

This is the first study showing the expression of
PLUNC proteins in CMV infections and we found that
in CMV-infected tissue the PLUNC expression was
more intense around the lesion than within the lesion,
although the area near the infection stained was smaller
in comparison to the outlying areas. CMV infects
mainly ducts, and does not cause a granulomatous
reaction, this may account for the larger area stained in
the periphery and might suggest a function for PLUNC
proteins in protection against infection. According to
Bingle and Craven (2002) and LeClair (2003) PLUNC
proteins, like other family members (notably BPI and
LBP) can potentially bind lipopolysaccharide (LPS).
Thus LPLUNC | may act in a manner similar to LBP,
resulting in a pro-inflammatory response (Bingle 2004)
via toll-like receptor signalling, whilst SPLUNC 2 may
have an anti-inflammatory function similar to BPI,
reducing the microbial load through direct cell death or
sequestration of inflammatory molecules.

Tuberculosis is one of the most important opportu-
nistic infections in HIV-infected individuals (Cantwell
et al, 1994) aided by ineffective therapy in patients with
AIDS and interactions with antiretroviral drugs (Jerant
et al, 2000). Patients with glandular involvement have
no specific symptoms of tuberculosis, especially in
the absence of a history of pulmonary tuberculosis
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(Comech-Cerveron et al, 1995). The histological pat-
tern reflects the cellular immunity of patients (Lewin-
Smith et al, 1998) and in our study all patients had low
CD4 counts. Among the major salivary glands, the
parotid gland is the most commonly affected by
Mycobacterium tuberculosis (Mullins et al/, 2000),
whilst others believe that the parotid gland is the most
affected (Vargas et al, 2003). Our findings show
increased expression of SPLUNC 2 in regions near
the mycobacterial lesion, similar to the result seen in
CMYV infection, again suggesting the increased expres-
sion in the peripheral regions could be protecting from
infection. We propose that, in both CMV and myco-
bacterial infection, PLUNC proteins protect epithelial
cells against infection.

In situ hybridization is a more sensitive technique
than immunohistochemistry and no previous studies of
PLUNC gene expression in human adult salivary glands
has been reported. We performed in situ hybridization
for SPLUNC 2 only in control tissue and all cases were
positive with labelling being seen in the perinuclear
region of acinar cells. Further studies are needed to
better understand PLUNC protein expression both in
normal and diseased tissue.

In conclusion, this is first study of PLUNC protein
expression in the salivary glands of autopsied patients
with AIDS. PLUNC protein expression was seen in the
parotid, submandibular and sublingual glands of
patients both with and without AIDS and differential
staining was seen in those patients with CMV or
mycobacterial infections. Further studies to quantify
the amount of PLUNC in saliva and salivary glands
would confirm our findings and give a better under-
standing of the role of these proteins in the control of
CMYV and mycobacterial infections.
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