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Abstract

Objective—Determine the presence and assess the extent of fatty infiltration of the minor
salivary glands (SG) of primary SS patients (pSS) as compared to those with non SS sicca (nSS).

Methods—Minor SG biopsy samples from 134 subjects with pSS (n= 72) or nSS (n = 62) were
imaged. Total area and fatty replacement area for each glandular cross-section (n=4-6 cross-
sections per subject) were measured using Image J (National Institutes of Health, Bethesda, MD,
USA). The observer was blinded to subject classification status. The average area of fatty
infiltration calculated per subject was evaluated by logistic regression and general linearized
models (GLM) to assess relationships between fatty infiltration and clinical exam results, extent of
fibrosis and age.
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Results—The average area of fatty infiltration for subjects with pSS (median% (range) 4.97
(0.05-30.2)) was not significantly different from that of those with nSS (3.75 (0.087-41.9).
Infiltration severity varied widely, and subjects with fatty replacement greater than 6% were
equivalently distributed between pSS and nSS participants (X2 p=0.50). Age accounted for all
apparent relationships between fatty infiltration and fibrosis or reduced saliva flow. The all-
inclusive GLM for prediction of pSS versus non-SS classification including fibrosis, age, fatty
replacement and focus score was not significantly different from any desaturated model. In no
iteration of the model did fatty replacement exert a significant effect on the capacity to predict pSS
classification.

Conclusions—Fatty infiltration is an age-associated phenomenon and not a selective feature of
Sjogren’s syndrome. Sicca patients who do not fulfill pSS criteria have similar rates of fatty
infiltration of the minor SG.
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Sjogren’s Syndrome (SS) is a systemic autoimmune disease characterized by chronic, severe
dry eyes and mouth [1, 2, 3]. The fundamental mechanisms and causative pathology remain
unclear but likely involve environmental [4], genetic [5, 6, 7] and epigenetic [8, 9] factors,
dysregulation of innate and adaptive immunity [5, 10] and epithelial cell defects [11]. In
addition to sicca symptoms, autoantibodies to Ro/SS-A and La/SS-B [12, 13] and focal
lymphocytic infiltration of the salivary and lacrimal glands are cardinal features of SS [14,
15].

Our mechanistic and immunological understanding of SS is incomplete, and the
heterogeneity of patient phenotypes confounds the study of SS. It is known that immune
cells, predominantly CD4* T cells [16, 17], congregate into inflammatory foci (>50 cells per
4mm? tissue) in the salivary gland (SG). A recent study showed that the clonal proliferation
of glandular CD4* T cells associated with decreased saliva flow and fibrotic changes in
minor SG tissue [18]. Fibrosis [19], acinar atrophy and other forms of pathological damage
are elevated in SS patients [20, 21, 22]. Though loss of salivary and tear flow are cardinal
features of SS, the mechanisms linking glandular pathology and loss of function remain
cryptic.

Features, or groups of features, which distinguish patient subgroups are an area of interest,
both for understanding the disease and subsequently for more effective subject selection in
clinical trials. The SG is an attractive tissue for identifying prognostic markers [23, 24], as
SG biopsy is already a part of the diagnostic process and part of the gold-standard of SS
diagnosis and classification. It is known that risk factors such as hypergammaglobulinemia
and recurrent SG enlargement are associated with the development of lymphoma (which
occurs in 15% of patients) [6, 25, 26], but strong prognostic indicators of SS alone remain
elusive. Sub-categorization of primary SS (pSS) types would aid studies seeking to decipher
disease mechanisms and help make inroads into understanding disease pathogenesis, which
is necessary for development of effective therapeutic approaches. Fatty infiltration is a
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fundamental form of SG dysmorphism that has been noted [20, 27, 28] but incompletely
assessed.

In this work the hypothesis that fatty infiltration of minor SG is associated with primary SS
classification was tested. The corollary hypothesis, that pSS subjects with high fatty
infiltration of the minor SG are pathologically distinct from pSS subjects with low/no fatty
infiltration, was also evaluated. We employed precise measurements to quantify the average
fatty replacement of 72 subjects with pSS and 62 subjects with nSS sicca. We asked whether
the extent of minor SG fatty infiltration in primary SS versus nSS controls was different, and
whether fatty infiltration associated with other features of disease.

Participants and methods

Participants

All patient exams and sample collections were conducted at one of two Sjégren’s research
clinic sites (Oklahoma Medical Research Foundation or University of Minnesota — Twin
Cities) [29]. The respective Institutional Review Boards approved all research methods and
exams and the study participants provided written informed consent in compliance with the
Declaration of Helsinki. Clinic participants were self- or physician-referred and underwent a
phone-based screening interview using validated dryness questions [2]; full clinical
evaluation with specimen collection as previously described [29] was limited to those with at
least two qualifying ocular and oral dryness complaints. After verifying that no participant in
this study had AECG exclusion criteria or features of secondary or overlap SS (concurrent
rheumatoid arthritis, systemic lupus erythematosus or systemic sclerosis), subjects were
classified as primary SS or non-SS sicca via the 2002 revised American European
Consensus Group Sjogren’s Syndrome criteria [30]. A total of 134 subjects (pSS = 72, nSS
= 62) were included in this study. Imaging and scoring of participant biopsy tissue was
performed independently. The study was performed in two phases. In the first phase, total
tissue area and adipocyte area were assessed with blinding of classification status, and in
consultation with an oral pathologist. In the second phase, after unblinding of samples, a
retrospective analysis of pattern of adipocyte replacement was assessed in response to
manuscript review. Demographic and clinical data of participants are shown in Table 1.

Salivary gland (SG) biopsy and imaging

Four to six minor labial SGs per participant were formalin-fixed, embedded in paraffin,
sectioned (4uM) and stained with hematoxylin and eosin (H&E) in a hospital pathology
laboratory. The H&E slide assessed for focus scoring was imaged using a Zeiss 710 confocal
microscope equipped with a motorized stage. Each glandular cross-section was imaged at
200x magnification in overlapping sections. These sections were then digitally stitched
together using the Zeiss ZenBlue software package (Zeiss, Thornwood, NY, USA) to yield
reconstructions of entire glandular cross-sections (Figure 1, left and third columns)
(Supplementary Figure 1). All reconstructed cross-sections were de-identified and assigned
random identity numbers. Scorers did not have access to the identification key. Re-
identification was done only after all images (n= 839) were scored. Total section area was
measured using the ‘pen’ tool in Image J (National Institutes of Health, Bethesda, MD,
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USA) on a touch-enabled tablet. Areas of adipocyte replacement (Figure 1, second and far
right columns) were measured, and the total area of adipocyte replacement for each cross
section calculated. The average percent area of fatty replacement (of 4—6 sections per
subject) was calculated for all subjects. Fatty replacement is reported as a percentage of total
section area.

Statistical Analysis

Results

Data normality was tested using the Shapiro-Wilks test, and, where necessary, non-
parametric tests were applied. Comparisons between groups and correlations among
variables were calculated in Prism 6 (GraphPad, La Jolla, CA, USA) using the Kolmogorov-
Smirnov test and Spearman correlation or diagnostic test evaluation statistics, as appropriate.
All tests were 2-tailed. Logistic regression and disease prediction were performed using
generalized linear models (GLMs) via the ‘stats’ package in R.

Salivary gland (SG) fatty replacement is not specific to SS

The average area of minor SG fatty infiltration for pSS patients (median % (range) 4.97
(0.05-30.2)) was not significantly different from that of nSS patients (3.75 (0.087-41.9)
(Figure 2A). We then assessed if subjects with fatty infiltration greater than the average
median (5%) were overrepresented in either patient group. The extent of infiltration varied
widely, and those subjects with fatty replacement greater than 6% were equivalently
distributed between pSS and nSS classifications (XZ p = 0.50). Although patients were not
selected to be age-matched, patient age was not significantly different between pSS and nSS
groups (Figure 2B).

Retrospective, subjective evaluation of patterns of adipocyte replacement using unblinded
samples revealed no obvious differences in fatty distribution patterns between pSS and nSS
groups. Glandular cross-sections from individual subjects tended to display very similar
patterns of adipocyte distribution. Adipocytes most commonly occurred at borders of lobes,
radiating inward, while patterns of diffuse infiltration (12% of cases in both groups) and lobe
replacement (8-9% of cases in both groups) were less common. Notably, proximity of
adipocytes to lymphocytic foci was rare.

Age accounts for association between fatty replacement and pathologic features of SS

Although the extent of fatty replacement did not associate with disease classification, we
asked whether fatty replacement associated with clinical, demographic or behavioral features
of the participants. Patient heterogeneity is one of the confounding factors in SS research,
and opportunities to subset patients must be explored. Simple Spearman correlations showed
that fatty replacement positively associated with both the extent of fibrotic changes (r = 0.27,
p = 0.002) and patient age (r = 0.55, p<0.0001). Whole unstimulated salivary flow (WUSF)
inversely correlated with the extent of fatty replacement (r = —0.300, p = 0.0005). Historical
patient smoking behavior data (never smoked and have ever smoked) had no age-
independent association with disease classification or fatty replacement (data not shown).

Autoimmunity. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leehan et al.

Page 5

The strong correlation between fatty replacement and age mandated an age-corrected
analysis, specifically to address whether the extent of fatty replacement was solely
attributable to advanced subject age. Linear models using two (Fatty replacement and
WUSF) or three (Fatty replacement, age and WUSF) parameters were constructed and
compared (Table 2). Age accounted for the entirety of the association between fatty
replacement and WUSF (B2 = —0.065, p = 0.44) and fatty replacement and fibrosis (82 =
0.012, p = 0.90).

Fatty Replacement adds no predictive value to SS classification models

Our final approach was to assess if fatty replacement improved the accuracy of a predictive
model of SS classification status. Our previous work demonstrated that, along with focus
score, the area of morphologically-detected glandular fibrosis was predictive of primary SS
classification [19]. The known confounding effect of age was also considered in that study,
and we found that age could not explain elevated fibrosis in pSS subjects. This result, and
our further analyses, indicated that fibrosis in pSS patients is a part of SS pathology, not
simply a feature of age. Thus, we constructed generalized linear models to explore the
relative contributions of age, fibrotic replacement, and focus score to assess if the inclusion
of fatty replacement had any effect on the model (Table 3A). The all-inclusive model (Table
3, upper) of fibrosis, age, fatty replacement and focus score was not significantly different
from any other analysis. In no iteration of the model did fatty replacement exert a significant
effect on the model’s outcome (Table 3). The addition or absence of either age or fatty
replacement to a predictive model containing focus score and fibrosis had no significant
positive or negative effect on the predicted outcome. Thus, the extent of minor SG fatty
replacement is not a selective feature of Sjgren’s syndrome.

Discussion

Fatty infiltration is a well-noted but poorly understood aspect of SG dysmorphism in SS.
Our study examined fatty infiltration in subjects with pSS or nSS sicca and found no
significant difference between the groups in the area of replacement. Using a precise,
manual method of measurement, we quantified the total gland area replaced by adipocytes.
We eliminated observer bias by measuring all fat in the tissue section and by blinding the
observer to classification status. As a percentage of total available gland area, no statistical
difference in fatty replacement was found between those with pSS or nSS. A positive biopsy
focus score is the cardinal histopathologic feature of SS [31, 32], but focus score-negative
primary SS patients exist. There are numerous validated features of SS used in classifying
patients, all with differing specificity and sensitivity for SS. Surprisingly, many of the
features are weakly or not significantly associated with each other. The cardinal indicators of
SS are positive biopsy focus score and presence of anti-Ro autoantibodies. Associations
between other clinical signs and SS are weak, as are associations between signs (i.e.
vanBijsterveld score and saliva flow) [29]. This heterogeneity encourages the exploration of
novel, potentially useful categorizing features of disease.

Glandular pathologies such as focal lymphocytic infiltration [1, 20], fibrosis [19] and acinar
cell atrophy [20, 21] associate with SS classification and other clinical features [29].

Autoimmunity. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leehan et al.

Page 6

However, in the present study the extent of fatty infiltration was driven exclusively by the
age of the individual and did not associate with SS classification, the extent of SG fibrosis as
assessed by morphologic criteria, ocular damage, saliva flow (WUSF), tear flow (Schirmer’s
eye test) or biopsy focus score. Previously, we demonstrated that significant association of
fibrosis with both classification and signs (corneal damage and focus score) of SS were not
explained by patient age [19]. In contrast, our current findings show that associations
between fatty replacement and salivary flow or morphologically detected fibrotic changes
are driven solely by patient age. After age-correction of the linear models, there is no
association between fatty infiltration and other SS disease features, and a retrospective
analysis showed that adipocytes are rarely in direct contact or close proximity to focal
infiltrates. Overall, our data demonstrate that unlike other glandular pathologies, fatty
infiltration of the SG is not associated with Sjogren’s syndrome per se.

Normal aging processes may explain fatty replacement in SS SG. Fatty infiltration and fatty
replacement are terms that describe processes by which tissue, generally exocrine tissue, is
replaced in whole or in part by adipocytes [33, 34, 35]. Fatty infiltration of tissue is a normal
part of the aging process, though pathological and accelerated forms can occur after tissue
injury [36, 37]. Thymic involution, for example, is a systematic replacement of thymic tissue
with adipocytes which occurs as an organism ages [38]. The initial accumulation of leptin in
metabolically inactive thymic tissue allows for orderly apoptosis and an expansion of
adipocytes in the organ volume.

Fatty replacement due to soft tissue injury has been described in soft tissues (especially that
of the rotator cuff [37]), traumatic bone injury [39] and in pancreatic injury due to primary
duct stenosis or calcification [33, 34, 35]. In well-characterized rodent models of pancreatic
duct ligation, the pancreatic tissue undergoes a series of predictable alterations. First, the
tissue becomes edematous, exocrine acini swell, then shrink and atrophy. This is followed by
rapid parenchymal swelling, recession, and ultimately complete adipocyte replacement of
the organ [34]. Additionally, human case studies have shown that calculus blockage of the
pancreatic duct leads to total fatty replacement of the acinar pancreatic tissue, with
preservation of the islets [33]. Ductal dilation, basal laminar dysfunction and epithelial
irregularities are notable features in SS glands [40, 41, 42, 43], though no decisive model of
the role of each in disease yet exists. Fatty infiltration has been characterized as a normal
biological response to injury in exocrine tissue, and its presence in the SG of both SS and
nSS sicca patients may be a shared mechanism for resolution or maintenance of damaged
SG tissue.

A recent study [28] found that SS patients with positive focus scores had a higher incidence
of “moderate” and “significant” fatty infiltration, in contrast to largely “negative” nSS. The
authors did not define “negative” as the complete absence of adipocytes, but rather as no
“significant” presence. The subjects in our study had a lower focus score, on average, as
compared to their patients (1.5 versus 3.25), which may indicate different disease stages, and
could explain the differences in our findings. Of interest, they also reported that adipocytes
in pSS tissue produce IL-6, a pro-inflammatory cytokine [28], located away from areas with
lymphocytic infiltrates. Our approach examined fatty infiltration as a function of area,
allowing increased precision, in addition to a slightly larger study cohort. While we found no
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difference in the extent of fatty infiltration between pSS and nSS sicca, the metabolic nature
of the adipocytes between these groups could differ. In this study, we observed no
association between SG focus score, an indicator of disease severity [23, 44, 45], and degree
of SG fatty infiltration. Moreover, proximity of adipocytes to lymphocytic infiltrates was
rare, and patterns of fatty replacement between pSS and nSS groups did not obviously differ.
We cannot formally exclude, however, the possibility that extent of fatty replacement may
vary with the composition of the infiltrates. Our results are in agreement with those of
Katona et al [46]. We concur that SG fatty replacement is not a distinguishing feature of SS.
Further, our study demonstrates that in addition to no association with SS classification, fatty
infiltration has no significant association with any other evaluated clinical sign or symptom
within our cohort.

Fatty tissue in inflammatory disease is known to produce pro-inflammatory agents [47, 48],
and SG epithelium has been shown to produce adiponectin in SS [49] which may support the
process of fatty replacement. Although we detected no difference in the volume of fatty
infiltration between those with sicca or SS, our findings do not preclude the existence of as-
yet cryptic differences between these two groups. The driving mechanisms, chronology, and
metabolic nature of fatty infiltration and other aspects of SS remain to be explored. The
fundamental heterogeneity of SS is a confounding aspect both in researching and in treating
the disease. We have herein demonstrated that minor SG fatty replacement is primarily a
feature of aging and does not associate with SS signs or disease classification. This work
refines our understanding of SS pathogenesis and may help shape future inquiries into the
mechanisms and true pathology of the disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Primary SS Non SS sicca

0-5%

6-12%

13+%

Figure 1.
Digital salivary gland sections are scored for fatty replacement area. H&E stained sections

are shown unscored (left) and with the adipocytes quantified (right) for both pSS and nSS
subjects, covering the full range of observed replacement.
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Figure 2.
(A) Salivary gland fatty replacement is not significantly different (p= 0.367) in pSS versus

nSS patients. 2-tailed Kolmogorov-Smirnov test. (B) Patient age in pSS and nSS groups is
not significantly different. Unpaired 2-tailed t-test.
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Subject Demographics

pSS nSS

Total participants (n) 72 62
Age mean (SD) 55 (12.1) 48(14)

Female (%) 86 87.1
Anti-Ro/SSA positive (%) 63.8 1.6
Anti-La/SSB positive (%) 60.8 4.8
WUSF Positive (%) 63.8 371
Schirmer’s Positive4(%) 51 34.8
VanBijsterveld Positive? (%) 57 274

62.5 14.5

FS 216 (n)

p-val ued

0.078

p-val ue?

1
<0.0001
<0.0001

0.0031
0.0544
0.0008

<0.0001

1 . .
unpaired two-tailed t test

2_.
Fisher’s exact test

3Who|e unstimulated saliva flow; positive test = <1.5mL/15 minutes

4. . o .
Schirmer’s positive test = <5mm/min

5Van Bijsterveld Positive = >4

6FS = Focus Score
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Table 2

Fatty replacement does not associate with clinical SS features

Uncorrected Age-corrected
Variable B-value p-value B-value p-value
Fibrosis? 0.166 0056 0013 0876
VanBijsterveld 0.042 0.638 <0.00001 0.999
Schirmer’s -0.054 0.537 0.099 0.224
WUSEZ -0.233  0.001 -0.065 0.435
Biopsy Focus score  —0.006 0.942 -0.028 0.725

1 L . . .
Average percent area fibrotic change in minor salivary glands of SS patients

ZWUSF = whole unstimulated saliva flow
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