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Abstract

Context: Inflammatory infiltrates are sometimes present in solid tumors and may be coupled to clinical behavior or 

etiology. Infectious viruses contribute to tumorigenesis in a significant fraction of human neoplasias.

Objective: Characterize inflammatory infiltrates and possible viral transcription in primary hyperparathyroidism.

Design: From the period 2007 to 2016, a total of 55 parathyroid tumors (51 adenomas and 4 hyperplasias) with 

prominent inflammatory infiltrates were identified from more than 2000 parathyroid tumors in the pathology 

archives, and investigated by immunohistochemistry for CD4, CD8, CD20 and CD45 and scored as +0, +1 or +2. 

Clinicopathological data were compared to 142 parathyroid adenomas without histological evidence of inflammation. 

Transcriptome sequencing was performed for 13 parathyroid tumors (four inflammatory, 9 non-inflammatory) to 

identify potential viral transcripts.

Results: Tumors had prominent germinal center-like nodular (+2) lymphocytic infiltrates consisting of T and B 

lymphocytes (31%) and/or diffuse (+1–2) infiltrates of predominantly CD8+ T lymphocytes (84%). In the majority 

of cases with adjacent normal parathyroid tissue, the normal rim was unaffected by the inflammatory infiltrates 

(96%). Presence of inflammatory infiltrates was associated with higher levels of serum-PTH (P = 0.007) and oxyphilic 

differentiation (P = 0.002). Co-existent autoimmune disease was observed in 27% of patients with inflammatory 

infiltrates, which in turn was associated with oxyphilic differentiation (P = 0.041). Additionally, prescription of anti-

inflammatory drugs was associated with lower serum ionized calcium (P = 0.037).

Conclusions: No evidence of virus-like sequences in the parathyroid tumors could be found by transcriptome sequencing, 

suggesting that other factors may contribute to attract the immune system to the parathyroid tumor tissue.

Introduction

Primary hyperparathyroidism (pHPT) is a common 
endocrine disorder presenting as a single parathyroid 
adenoma, multiglandular disease or rarely as a 
parathyroid carcinoma. Parathyroid adenomas with 
histological features suggestive of malignancy without 
fulfilling the criteria for carcinoma are named atypical 
adenomas. Genetic studies have revealed recurrent 
inactivating mutations of the multiple endocrine 
neoplasia 1 (MEN1) gene and the cell division cycle 73 
(CDC73) gene as causative agents, but other genetic 
events seem to occur at very low frequencies (1). 

pHPT frequently present in postmenopausal women and 
a role for female hormone receptors has been suggested 
(2, 3). A significant proportion of pHPT remains without 
a known molecular driver. Patients with chronic 
renal failure may develop reactive hyperplastic glands 
(secondary hyperparathyroidism, sHPT) and true clonal 
tumors (tertiary hyperparathyroidism, tHPT).

Occasionally, histopathological evaluation of 
parathyroid tumors identifies inflammatory infiltrates. 
Published cases and autopsy series were recently 
summarized in a systematic review (4), identifying 
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69 cases with diffuse lymphocytic infiltrates, 15  cases 
with parathyroiditis with germinal centers, 6  cases 
with sarcoidosis, 4 cases with tuberculosis and  
2 cases with granulomatous disease. Furthermore, Shi 
et al. applied flow cytometry to characterize cell types in 
20 parathyroid adenomas and 5 corresponding normal 
glands and observed higher but varying levels of tumor 
CD8+ lymphocytes as compared to the inflammatory 
cells in the normal glands. The increased CD8+/CD4+  
ratio (as compared to peripheral blood) ruled out 
contamination from adjacent vascular structures, 
which had previously been suggested as an underlying 
cause (5).

Studies in tumor virology has revealed prominent 
prevalence of viral transcripts in several tumor 
types originating from different organs, e.g. human 
papillomaviruses in cervical and oropharyngeal 
squamous cell carcinoma, hepatitis B virus in 
hepatocellular carcinoma and Epstein-Barr virus in 
Burkitt’s lymphoma (6). Among endocrine tumors, 
Merkel-cell carcinomas are characterized by Merkel-
cell polyoma virus, and Epstein-Barr virus has been 
implicated in the progression of papillary thyroid 
carcinomas (7). While no compelling evidence of a viral 
background to parathyroid tumorigenesis exists, no 
study has thoroughly investigated a possible association. 
Tumor infiltrative lymphocytes has been associated with 
viral expression in some tumor types (8, 9, 10, 11), but is 
also observed in solid tumors, which lacks an underlying 
viral etiology (12, 13).

We hypothesized that (i) presence of tumor 
inflammatory infiltrates would be associated with 
a different clinical presentation as compared to 
tumors without inflammation, (ii) nodal- and diffuse 
inflammation would be associated with different clinical 
presentations of parathyroid tumors respectively and 
(iii) that active transcription of viral sequences could 
be an etiological factor in pHPT. To investigate the 
composition of inflammatory infiltrates in parathyroid 
tumors we screened 10  years of pathology archives at 
the Karolinska University Hospital (containing more 
than 2000 parathyroid tumors). We identified and 
retrieved 55 parathyroid tumors from 53 patients with 
histological evidence of inflammation. These cases were 
reviewed and evaluated using immunohistochemistry for 
cluster of differentiation (CD) markers. Furthermore, a 
series of tumors was investigated using massive parallel 
transcriptome sequencing (RNA-seq) and screened for 
viral-like sequences without prior assumption of viral 
pathogens (6).

Methods

Clinical cases and tissues samples

We searched the pathology archives of Karolinska 
University Hospital-Solna for the period 2007–2016 
for parathyroid tumors presenting with inflammatory 
infiltrates visible at histological examination. From 
2347 parathyroid tumor records, we identified a total 
of 56 parathyroid tumors with inflammatory infiltrates. 
After exclusion of a single parathyroid adenoma that 
presented with manifestation of lymphoma, the 
remaining 55 tumors were entered into the study on 
immunohistochemical and clinical characterization. 
These included 51 adenomas (from 51 patients with a 
single parathyroid adenoma and pHPT), 2 tumors from 
a patient with secondary HPT and 2 from a patient with 
tertiary HPT. Patient files were reviewed for clinical details, 
biochemical findings, presence of autoimmune diseases 
and medication at the time of surgery (Supplementary 
Table 1, see section on supplementary data given at the 
end of this article). Data of postoperative serum calcium 
were available for most patients with single adenomas 
(43/51), and normalization of hypercalcemia was observed 
in all patients with inflammatory adenoma where this 
information was available. All parathyroid tumors were 
classified according to the World Health Organization 
(WHO) 2004 criteria (14).

Talat et al. (4) suggested as criteria for parathyroiditis, 
‘interstitial lymphocytes away from the vessels with 
terminal differentiation and/or formation of germinal 
centers.’ While all cases with inflammatory infiltrates 
included in this study fulfilled these criteria, we 
deliberately avoided using the term parathyroiditis 
as no cases showed evidence of tumor degeneration 
and the nomenclature has previously been linked 
to hypoparathyroidism in type 1 polyglandular 
autoimmune syndrome (PGA).

For comparison of the 51 inflammatory adenoma 
cases with tumors lacking inflammatory infiltrates, we 
used a previously published cohort of 154 parathyroid 
adenomas (15), with exclusion of atypical adenomas 
and parathyroid carcinomas. Two adenomas presented 
with inflammatory infiltrates and were also excluded. 
The control cohort thus consisted of 142 consecutively 
collected parathyroid adenomas. Clinical data for 
adenoma cases with inflammation and the control 
adenomas without inflammation are presented in Table 1.

Fresh frozen tumor samples from totally 13 cases were 
entered into the transcriptome sequencing including: four 
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of the above described 51 adenomas with inflammation 
and 7 previously published cases without inflammation 
(16) (Table  2). RNA isolated from fresh-frozen tissue 
from a Merkel-cell carcinoma was kindly provided by 
Dr Weng-Onn Lui, Department of Oncology-Pathology, 
Karolinska Institutet.

Ethics

All procedures performed in this study involving human 
participants were in accordance with the ethical standards 
of the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. Informed consent was 

Table 1 Clinical data for inflammatory pHPT and non-inflammatory pHPT controls.

Parameter† Inflammatory pHPT* Non-inflammatory pHPT** P Value

Cases in cohort, n (51) (142)  
Tumors in cohort, n (51) (142)  
Gender (n = 51 and 142)   n.s.
 Male 14 (27%) 30 (21%)
 Female 37 (73%) 112 (79%)  
Age at diagnosis (n = 51 and 142)   n.s.
 Median (min–max) (years) 60 (29–84) 61 (30–80)
 Mean (s.d.) 58 (13) 59 (11)  
Diagnosis (n = 51 and 142)    
 Parathyroid adenoma 51 142  
Tumor weight (n = 51 and 137)   n.s.
 Median (min–max) (mg) 565 (100–2412) 423 (80–27 800)
 Mean (s.d.) (mg) 732 (556) 936 (2619)  
Predominant celltype (n = 51 and 139)   0.002
 Chief cell 32 (63%) 98 (70%)
 Oxyphilic 14 (27%) 18 (13%)  
 Mixed 5 (10%) 23 (17%)  
Serum ionized calcium (n = 46 and 129)  n.s.
 Median (min–max) (mmol/L) 1.43 (1.34–1.84) 1.43 (1.31–1.89)
 Mean (s.d.) (mmol/L) 1.46 (0.11) 1.43 (0.07)  
Serum intact PTH (n = 49 and 135)   0.007
 Median (min–max) (ng/L) 132 (46–342) 109 (56–513)
 Mean (s.d.) (ng/L) 162 (64) 126 (70)  
Plasma phosphate (n = 40 and 129)   n.s.
 Median (min–max) (mmol/L) 0.82 (0.32–2.1) 0.83 (0.43–1.1)
 Mean (s.d.) (mmol/L) 0.87 (0.18) 0.82 (0.13)  

*Study cohort; **Control cohort; †number of cases with data is indicated within parentheseis for each parameter. Normal reference values for 
parathyroid gland weight (<60 mg), ionized calcium (1.15–1.33 mmol/L), PTH (10–65 ng/L) and phosphate (0.8–1.5 mmol/L).
n.s., not significant; s.d., standard deviation.

Table 2 Summary of tumor sequencing information.

 
Parathyroid tumor

 
Diagnosis

cDNA library 
generation

Seqencing depth 
(million reads)

 
Sequencing platform

 
Detected virus transcripts

14 Parathyroid adenoma RiboZero 50.1 Hiseq 2500 Negative
40 Parathyroid adenoma RiboZero 51.5 Hiseq 2500 Negative
51 Parathyroid adenoma RiboZero 60.6 Hiseq 2500 Negative
52 Parathyroid adenoma RiboZero 58.0 Hiseq 2500 Negative
56 Parathyroid adenoma TruSeq 229.0 HiSeq 2000 Negative
57 Parathyroid adenoma TruSeq 215.4 HiSeq 2000 Negative
58 Parathyroid adenoma TruSeq 220.7 HiSeq 2000 Negative
59 Parathyroid adenoma TruSeq 234.9 HiSeq 2000 Negative
60 Parathyroid adenoma TruSeq 134.8 HiSeq 2000 Negative
61 Parathyroid adenoma TruSeq 226.4 HiSeq 2000 Negative
62 Parathyroid adenoma TruSeq 188.4 HiSeq 2000 Negative
63 Atypical parathyroid adenoma TruSeq 231.7 HiSeq 2000 Negative
64 Atypical parathyroid adenoma TruSeq 196.2 HiSeq 2000 Negative
Control Merkel cell carcinoma RiboZero 60.9 Hiseq 2500 Merkel-cell polyomavirus
  TruSeq 53.5 Hiseq 2500 Merkel-cell polyomavirus

http://www.eje-online.org
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obtained from all individual participants included in the 
study, and ethical permission was granted from the local 
ethics committee at Karolinska Institutet.

Immunohistochemistry

All histological slides were reviewed and formalin-fixated 
paraffin-embedded (FFPE) materials were sectioned for 
new immunohistochemical analyses using a clinical 
routine laboratory. Slides were incubated with antibodies 
for CD4 (4B12, Dako), CD8 (C8/144B, Dako), CD20 
(L26,  Dako) and CD45 (UCHL1, Dako) all supplied as 
ready-to-use. After review by two pathologists, two 
distinct patterns of inflammation were identified; nodular 
and diffuse. Both patterns were quantified for all CD 
markers by a pathologist using the following criteria: 
Diffuse infiltrates were scored as +0 (less than 2% of 
cells), +1 (2–10% of cells) or +2 (more than 10% of cells). 
Nodular inflammation was scored as +0 (not present), 
+1 (single or few small nodular formations) or +2 (several 
prominent nodules). We observed that both parathyroid 
normal and tumor tissue sometimes stained positive for 
CD4 and abstained from scoring the CD4+ lymphocytes 
in these cases (classified as non-informative in Table 3 and 
Supplementary Table 2).

Whole transcriptome shotgun sequencing (RNA-seq)

Fresh-frozen tissues from thirteen parathyroid tumors 
were collected from the biobank at Karolinska University 
Hospital, Stockholm, Sweden. Four of these cases were 
selected among the 51 adenomas based on availability 

of fresh-frozen tissue. The remaining nine parathyroid 
tumors (7 adenomas and 2 atypical adenomas) have 
previously been published as a part of a larger cohort 
(16). Histological review showed that all specimens were 
composed of >80% tumor cells. RNA isolated from a 
Merkel-cell polyoma-virus-positive Merkel-cell carcinoma 
was used as positive control.

Two rounds of RNA-seq were carried out at SciLifeLab, 
Karolinska Institutet, Stockholm, Sweden using previously 
described methodology (17). Total RNA was isolated using 
the MirVana Isolation Kit (Life Technologies), and tested for 
integrity (RNA Integrity Number/RIN >8) using an Agilent 
2100 Bioanalyzer (Agilent Technologies). For the first 
round of sequencing, parathyroid tumor cDNA libraries 
were prepared using the poly-A enrichment based TruSeq 
cDNA preparation kit, followed by paired-end sequencing 
to 100 bp on an Illumina HiSeq 2000 instrument (all from 
Illumina, San Diego, CA, USA). In the second round of 
sequencing, we aimed to cover potential viral transcripts 
lacking polyadenylation. Therefore, the cDNA library of the 
four parathyroid adenomas with lymphocytic infiltrates 
were generated using a ribosomal RNA depletion method 
(Ribo-Zero from Illumina) and paired-end sequenced to 
125 bp on an Illumina HiSeq 2500 instrument (Illumina). 
We used a Merkel-cell carcinoma as a positive control, 
creating cDNA libraries using both Ribo-Zero or TruSeq 
as described above and sequenced these in parallel with 
the second batch of parathyroid tumors (on the HiSeq 
2500 instrument). All sample sequencing information are 
summarized in Table 2.

All generated sequencing data (at least 50 million 
reads per sample) were firstly mapped to the human 

Table 3 Immunohistochemical analysis of CD markers in inflammatory adenomas.

 CD4, n (%) CD8, n (%) CD20, n (%) CD45, n (%)

 T helper cells Cytotoxic T cells B cells Leukocytes

Diffuse pattern     
 +0 (less than 2% of cells) 12 (60%) 9 (18%) 46 (94%) 7 (14%)
 +1 (2–10% of cells) 7 (35%) 26 (51%) 3 (6%) 28 (57%)
 +2 (more than 10% of cells) 1 (5%) 16 (31%) 0 14 (29%)
 Non-informative* 31 – – –
 n.a. 0 0 2 2
Nodular pattern     
 +0 (not present) 4 (20%) 19 (37%) 11 (22%) 9 (18%)
 +1 (single or few small nodular formations) 12 (60%) 26 (51%) 25 (51%) 23 (47%)
 +2 (several prominent nodules) 4 (20%) 6 (12%) 13 (27%) 17 (35%)
 Non-informative* 31 – – –
 n.a. 0 0 2 2

*31 cases exhibited CD4 staining in the parathyroid tissue and scored as non-informative.
n.a., not available (not stained).

http://www.eje-online.org
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reference genome (GRCh38) using STAR 2.4.0f (18) in 
order to sort out any reads originating from human 
RNA. Remaining reads were mapped to a database of 
all viral genome sequences in Genbank as of September 
2013, using the higher-sensitivity aligner SMALT 0.7.5  
(http://sourceforge.net/projects/smalt/), and the 
number of reads mapping to each viral sequence was 
recorded. RNA-Seq data from 108 samples of healthy 
tissues from 31 different organs/tissues (19) sequenced at 
the same facility was subjected to the same analysis and 
employed as negative controls to detect technical false 
positives. As a complement, all generated sequence data 
were analyzed using the pathogen discovery software 
READSCAN (20). This method has previously been 
utilized by Tang et al. (6), who successfully identified 28 
different known viruses and a novel enterovirus strain 
among 4433 tumor transcriptomes from 19 different 
tumor types.

Statistical analyses

All statistical analyses were performed on IBM SPSS, 
version 21. Based on distribution of data, non-
parametric statistical tests were used, including 
Mann–Whitney U test (for comparison between two 
groups) and Kruskal–Wallis (for comparison between 
more than two groups). Relationships between 
variables were assessed with Spearman’s ranked order 
correlation. Fisher’s exact test was used for comparison 
of distribution of categorical variables. All tests were 
considered two-tailed and a P value of <0.05 was taken 
as statistically significant.

Results

Characterization and classification of 
inflammatory infiltrates

Immunophenotyping of the tumor-infiltrating 
lymphocytes in 55 parathyroid tumors with 
inflammatory infiltrates observed at regular 
histopathology, revealed two distinct patterns. 
Diffuse inflammations were characterized by 
lymphocyte infiltrates with CD8+ cytotoxic T-cells 
and varying levels of CD4+ T-helper cells. For 
nodular inflammations, germinal center like nodules 
were observed with CD20+ B lymphocytes, CD4+ 
T-helper cells and CD8+ T-cytotoxic cells. Examples 
of diffuse and nodular inflammation are shown in 
Fig.  1. Cases with nodular formation frequently 
displayed diffuse inflammatory infiltrates as well. 
After reviewing the cases, we quantified both diffuse 
and nodular infiltrates separately for each CD staining 
(Supplementary Table 2).

Among the 51 adenomas a total of 17 cases (33%) 
had prominent nodular inflammation (+2) and 42 
cases (82%) with diffuse inflammation (+1  or +2) as 
determined by CD45. In 28/51 adenoma cases, we 
found an adjacent normal rim, which was unaffected 
by the inflammation in the vast majority of cases (96%). 
In several adenomas with a mixed cell composition 
of oxyphilic and chief cells, we observed that the 
inflammation was predominantly located to the 
oxyphilic areas (Fig. 2).

Additionally, two patients presented with multi-
glandular disease in the context of renal failure. The first 

Figure 1

Photomicrographs of routine histology 

(Htx-eosin, left) and 

immunohistochemistry (CD4, CD8, CD20 

and CD45) of two parathyroid adenomas 

with (A) mainly nodular (tumor 47) or (B) 

diffuse and nodular inflammation (tumor 

16) respectively. (A) Germinal center-like 

nodular infiltrates consisted of a mix of 

CD4+ T-helper, CD8+ cytotoxic T-killer and 

CD20+ B-lymphocytes. (B) Diffuse tumor 

inflammatory infiltrates predominantly 

consisted of CD8+ T-killer cells, but diffuse 

infiltrates of CD4+ T-helper cells were 

sometimes observed.

http://www.eje-online.org
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patient (sHPT) showed diffuse inflammation in two out 
of four excised hyperplastic glands. The second patient 
(tHPT) presented with nodular and diffuse inflammation 
in two excised adenomatous glands.

None of our 55 tumors exhibited inflammatory 
mediated degeneration of parathyroid tissue. In our 
experience, tumor associated stromal fibrosis is observed 
without relation to inflammatory infiltrates, and the 
absence of fibrosis in our cohort would argue against a 
direct link between the two phenomenon.

Clinical differences between inflammatory and 
non-inflammatory adenoma cases

Demographic, pathological and biochemical 
characteristics were compared between the 51 
adenoma cases with inflammatory infiltrates and the 
control group of 142 adenomas without this feature 
(Table  1). Inflammatory adenomas were more often 
of oxyphilic type as compared to the control group 
(Fisher’s exact test, P = 0.002, Table  1). Furthermore, 
cases with inflammatory infiltrates had significantly 
higher levels of serum PTH as compared to controls 
(Mann–Whitney U test, P = 0.007; Fig.  3), and this 
association remained significant even after removing 
the oxyphilic adenomas (n = 14) (Mann–Whitney U 
test, P = 0.039). No statistically significant differences 
were observed between inflammatory adenomas and 
non-inflammatory controls concerning gender, age, 
tumor weight or patient’s level of serum ionized calcium 
(including both pre- and postoperative measurements) 
or plasma phosphate (Table 1).

Association of inflammatory infiltrates and 
autoimmune disease

Twelve of 45 patients (27%) with inflammatory 
parathyroid adenoma had a known autoimmune disease, 
and a similar proportion (29%; 13/45) was prescribed 
anti-inflammatory medication at the time of surgery 

Figure 3

Box-plots of plasma PTH levels in patients with inflammatory 

parathyroid adenomas (left) and non-inflammatory 

parathyroid adenoma controls (right). The box plots represent 

2nd–3rd quartiles, and whiskers represent the 1st and 4th 

quartiles. Outliers are represented by open circles and extreme 

outliers as stars. Parathyroid adenomas with inflammation 

had significantly higher levels of plasma PTH (Mann–Whitney 

U, P = 0.007).

Figure 2

Photomicrographs of routine histology 

(Htx-eosin, left) and 

immunohistochemistry for CD45 (right) of 

a parathyroid adenoma with mixed cell 

type. Inserts show histologically evident 

presence of diffusely infiltrating 

lymphocytes in areas with oxyphilic-(black 

arrow) but not chief cell differentiation. 

Immunohistochemical staining for CD45 

also revealed presence of lymphocytes in 

the chief cell areas. There were also 

prominent perivascular infiltrates of 

lymphocytes, with one small aggregation 

of CD20 and CD8+ cells (red arrow, 

CD8 and CD20 staining not shown).

http://www.eje-online.org
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(Supplementary Table  1). Patients with an underlying 
autoimmune disease more often presented with oxyphilic 
adenomas (6/13 vs 7/33, Fisher’s exact test, P = 0.041). 
We also observed that anti-inflammatory medication was 
significantly associated with lower preoperative (but not 
postoperative) serum ionized calcium (Mann–Whitney 
U test, P = 0.037).

The presence of nodular inflammation was not 
significantly associated to tumor weight, dominating cell 
type, patients’ levels of PTH, calcium, phosphate, patient 
age or gender.

Absence of viral transcripts in parathyroid tumors

Using RNA-seq, we identified Merkel-cell polyoma virus 
transcripts in both the polyadenylation-enriched (7781 
reads) and the ribosomal RNA-depleted cDNA libraries 
(12  374 reads) of the Merkel-cell carcinoma, thus 
validating the method to detect viral transcript in this 
material. No virus transcripts were detected in the cDNA 
libraries of the 13 parathyroid tumors investigated.

Discussion

In rare cases of parathyroid tumors, histological analysis 
reveals infiltrates of inflammatory cells. Inflammatory 
disorders in other endocrine organs are often associated 
with functional disorders, but little is known about 
the pathophysiological effects of inflammation in the 
parathyroids. To date, this is the largest study of parathyroid 
tumors presenting with prominent lymphocytic 
infiltrates. Consistent with previous case reports and 
studies (4, 5), we observed two distinctly different 
patterns of inflammation. Since the inflammation was 
predominantly located in the tumor tissue, we propose 
that the infiltrates are tumor specific.

We identified 17 tumors with prominent, nodular 
germinal center-like inflammation based on CD45+ (scored 
as 2+). In the literature, only 15 such cases are reported, 
four of which have been obtained from autopsy series (4). 
While the histological impression of this inflammation 
was very distinct from the diffuse infiltrates, we were 
unable to identify an association to clinical variables or 
patients’ histories (autoimmune diseases were present in 
similar frequencies as in cases with diffuse inflammation). 
We hypothesized that parathyroid tumors might have 
a viral etiology and sought to comprehensively search 
for viral transcripts using transciptome sequencing. 
Viral transcripts were not detected in the investigated 

parathyroid tumors, suggesting that active viral 
transcription is not a common etiology for parathyroid 
tumors. However, given the limited number of tumors 
studied by transcriptome sequencing, we cannot rule out 
a selection bias of the selected cases with consequently 
false-negative results. Considering that the common 
tumor inducing viruses (Epstein-Barr virus, hepatitis B 
and C viruses, human papilloma virus, Kaposi’s sarcoma-
associated herpesvirus and human T cell lymphotropic 
virus type 1) are all expressed at a considerable level in 
the associated tumor cells, a transcriptome approach is 
expected to detect similar virus sequences. Nevertheless, 
this study does not rule out untranscribed genomic 
viral sequences.

Our study mainly includes single adenomas, with 
very few patients presenting with multiglandular disease. 
Since we only selected cases with reported inflammation 
from our pathology archives, and no clear-cut case of 
multiglandular pHPT was detected, the occurrence of 
inflammation in multiglandular pHPT is expected to be 
low. At the same time, a putative finding of inflammation 
in multiple parathyroid tumors from the same patient at 
the same time point would argue in favor of a systemic 
inflammatory process. The lack of identified patients 
presenting with multiglandular pHPT in combination with 
the normalization of hypercalcemia in all cases where this 
information was available should argue against a systemic 
auto-immune reaction against parathyroid tissue. An 
extended series focusing specifically on multiglandular 
disease could potentially help us delineate this topic 
further. However, we cannot rule out that an autoimmune 
process could predominantly affect a parathyroid tumor 
population, whereby normal parathyroid glands could 
remain unaffected by inflammation, while the single 
adenoma is not.

We observed a significant association between 
presence of inflammatory infiltrates and increase in 
the patients’ serum levels of PTH, without a significant 
increase in tumor weight or evidence of degenerated tumor 
tissue. Several studies have shown that tumor weight 
is the main determinant of patients’ PTH and calcium 
levels (15, 21). Since inflammation did not influence 
tumor weight, the observed association could indicate 
a functional relationship between tumor-infiltrating 
CD8+ lymphocytes (which were the predominating cell 
type) and tumor PTH secretion. Given the composition 
of the inflammatory infiltrates, the observed association 
to higher PTH levels could be explained either by direct 
interaction between immune cells and parathyroid cells, 
changes in the local cytokine milieu affecting parathyroid 

http://www.eje-online.org
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tumor cells or an unknown confounding factor. An 
interaction between tumor and immune cells could be of 
value in the medical management of hyperparathyroidism. 
The one fourth of the patients who were prescribed 
anti-inflammatory medication at the time of surgery 
had significantly lower levels of serum ionized calcium. 
Following studies might clarify how different anti-
inflammatory medication affects hyperparathyroidism in 
different patients and clinical settings.

Patients with inflammatory parathyroid tumors 
frequently had co-existing autoimmune disease (including 
Graves’ disease, diabetes mellitus type I, autoimmune 
hypothyroidism, Crohn’s disease or ulcerative colitis). 
Previous studies have investigated a putative autoimmune 
etiology for pHPT, including identification of antibodies 
targeting CASR in analogy with Graves’ disease (22). There 
have also been epidemiological studies associating pHPT 
to coeliac disease (23), autoimmune atrophic gastritis 
(24) and autoimmune thyroiditis (25). Additionally, there 
are a few case reports of PGA patients presenting with 
parathyroid tumors, but there is no mentioning of tumor 
inflammatory infiltrates in these tumors. (26, 27). Chronic 
lymphocytic thyroiditis and Hashimoto’s disease can 
generate oxyphilic metaplasia in thyroid follicular cells. 
Interestingly, we observed that oxyphilic adenomas were 
significantly associated to both inflammatory infiltrates 
and autoimmune disease. Furthermore, in some tumors 
with mixed cell the inflammation was predominantly 
found in areas with oxyphilic differentiation. While we 
often see oxyphilic adenomas without inflammation, 
these observations suggest a potential relationship 
between inflammatory infiltrates, autoimmunity and 
oxyphilic differentiation. In the majority of cases, the 
inflammation was clearly restrained to tumor tissue. 
If the infiltrating lymphocytes are indeed linked to an 
autoimmune process, our data indicate that it should be 
targeting antigens expressed at higher levels in the tumor 
than the normal parathyroid tissue.

This study was based on a retrospective analysis 
of parathyroid tumors with histologically evident 
inflammatory infiltrates at the time of diagnosis, which 
could explain the different observations made by earlier 
reports of inflammatory infiltrates in parathyroid tissue. 
Shi et  al. studied 20 parathyroid adenomas and five 
biopsies from normal parathyroid glands, identifying 
increased levels of inflammatory cells in the tumor as 
compared to the normal glands. They describe varying 
levels of CD8+ tumor-infiltrating lymphocytes (ranging 
from ~2% to 20%) suggesting that such infiltrates are not 
that uncommon in parathyroid adenomas (5). While they 

report similar levels of lymphocytes in biopsies from 
normal glands, we rarely observed inflammatory 
engagement of corresponding normal tissue. Since our 
cohort was based on the histological identification of 
inflammation (55 identified tumors over a 10-year period), 
it is likely that our material represents cases with more 
much more prominent inflammation.

As part of the clinical diagnostics of parathyroid 
tumors, tumor cell proliferation is sometimes determined 
by Ki-67 index, and the WHO classification of endocrine 
tumors from 2004 demand vigilant follow-up for 
tumors with proliferation counts exceeding 5%. Since 
lymphocytes are histologically similar to parathyroid 
cells, proliferating leukocytes could potentially give 
raise to falsely high Ki-67 counting in cases with diffuse 
inflammation. Review of the pathology reports revealed 
that no cases were reported to have a Ki-67 index above 
2%, indicating that this problem is limited. Even so, a 
dual staining technique with CD45 would exclude the 
possibility of falsely high Ki-67 counting.

In conclusion, histologically prominent inflammation 
in parathyroid tumors is rare. At least one fourth of 
patients with inflammatory parathyroid tumors had a 
concomitant autoimmune disease, indicative of a common 
denominator. Oxyphilic adenomas were significantly 
associated with an autoimmune disease and presence 
of inflammatory infiltrates. Nodular inflammation is 
histologically distinct, but showed little adverse clinical 
presentation. Lymphocyte infiltrates significantly 
correlated to higher levels of patient’s levels of PTH and 
could potentially indicate a cytokine mediated change in 
parathyroid tumor cell endocrine activity. For patients 
with inflamed tumors, prescription of anti-inflammatory 
drugs at the time of surgery was significantly associated 
with lower calcium levels. Finally, we were unable to 
find evidence supporting active viral transcription in the 
investigated cases.
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This is linked to the online version of the paper at http://dx.doi.org/10.1530/
EJE-17-0277.

Declaration of interest
The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of this study.

Funding
This study was supported by the Swedish Cancer Foundation, the Swedish 
Research Council, the Cancer Society in Stockholm, Karolinska Institutet 
and Stockholm County Council.

http://www.eje-online.org
http://dx.doi.org/10.1530/EJE-17-0277
http://dx.doi.org/10.1530/EJE-17-0277


PROOF ONLY
Eu

ro
p

ea
n

 J
o

u
rn

al
 o

f 
En

d
o

cr
in

o
lo

g
y
177:6 453Clinical Study F Haglund and others Inflammatory parathyroid tumors

www.eje-online.org

Acknowledgements
The authors would like to acknowledge support from Science for 
Life Laboratory, the national infrastructure SNISS, and Uppmax for 
providing assistance in massively parallel sequencing and computational 
infrastructure. The authors would also like to thank Professor Lars-Ove 
Farnebo for valuable scientific input, Dr Weng-Onn Lui for supplying RNA 
from a Merkel Cell Carcinoma and Lisa Ånfalk for sample handling.

References
 1 Costa-Guda J & Arnold A. Genetic and epigenetic changes in sporadic 

endocrine tumors: parathyroid tumors. Molecular and Cellular 
Endocrinology 2014 386 46–54. (doi:10.1016/j.mce.2013.09.005)

 2 Haglund F, Ma R, Huss M, Sulaiman L, Lu M, Nilsson IL, Höög A, 
Juhlin CC, Hartman J & Larsson C. Evidence of a functional estrogen 
receptor in parathyroid adenomas. Journal of Clinical Endocrinology and 
Metabolism 2012 97 4631–4639. (doi:10.1210/jc.2012-2484)

 3 Haglund F, Rosin G, Nilsson IL, Juhlin CC, Pernow Y, Norenstedt S, 
Dinets A, Larsson C, Hartman J & Höög A. Tumour nuclear oestrogen 
receptor beta 1 correlates inversely with parathyroid tumour weight. 
Endocrine Connections 2015 4 76–85. (doi:10.1530/EC-14-0109)

 4 Talat N, Diaz-Cano S & Schulte KM. Inflammatory diseases of the 
parathyroid gland. Histopathology 2011 59 897–908. (doi:10.1111/
j.1365-2559.2011.04001.x)

 5 Shi Y, Hogue J, Dixit D, Koh J & Olson JA Jr. Functional and genetic 
studies of isolated cells from parathyroid tumors reveal the complex 
pathogenesis of parathyroid neoplasia. PNAS 2014 111 3092–3097. 
(doi:10.1073/pnas.1319742111)

 6 Tang KW, Alaei-Mahabadi B, Samuelsson T, Lindh M & Larsson E. The 
landscape of viral expression and host gene fusion and adaptation 
in human cancer. Nature Communications 2013 4 2513. (doi:10.1038/
ncomms3513)

 7 Shimakage M, Kawahara K, Sasagawa T, Inoue H, Yutsudo M, Yoshida 
A & Yanoma S. Expression of Epstein-Barr virus in thyroid carcinoma 
correlates with tumor progression. Human Pathology 2003 34  
1170–1177. (doi:10.1053/j.humpath.2003.07.001)

 8 Santin, AD., Hermonat PL, Ravaggi A, Chiriva-Internati M, Zhan 
D, Pecorelli S, Parham GP & Cannon MJ. Induction of human 
papillomavirus-specific CD4(+) and CD8(+) lymphocytes by E7-pulsed 
autologous dendritic cells in patients with human papillomavirus 
type 16- and 18-positive cervical cancer. Journal of Virology 1999 73 
5402–5410.

 9 Grogg, KL., Lohse CM, Pankratz VS, Halling KC & Smyrk TC. 
Lymphocyte-rich gastric cancer: associations with Epstein-Barr virus, 
microsatellite instability, histology, and survival. Modern Pathology 
2003 16 641–651. (doi:10.1097/01.MP.0000076980.73826.C0)

 10 Cho MY, Kim TH, Yi SY, Jung WH & Park KH. Relationship 
between Epstein-Barr virus-encoded RNA expression, apoptosis 
and lymphocytic infiltration in gastric carcinoma with lymphoid-
rich stroma. Medical Principles and Practice 2004 13 353–360. 
(doi:10.1159/000080473)

 11 Balermpas P, Rödel F, Rödel C, Krause M, Linge A, Lohaus F, 
Baumann M, Tinhofer I, Budach V, Gkika E et al. CD8+ tumour-
infiltrating lymphocytes in relation to HPV status and clinical 
outcome in patients with head and neck cancer after postoperative 
chemoradiotherapy: a multicentre study of the German cancer 

consortium radiation oncology group (DKTK-ROG). International 
Journal of Cancer 2016 138 171–181. (doi:10.1002/ijc.29683)

 12 Boon T & van der Bruggen P. Human tumor antigens recognized by 
T lymphocytes. Journal of Experimental Medicine 1996 183 725–729. 
(doi:10.1084/jem.183.3.725)

 13 Gajewski TF, Schreiber H & Fu YX. Innate and adaptive immune 
cells in the tumor microenvironment. Nature Immunology 2013 14 
1014–1022. (doi:10.1038/ni.2703)

 14 Delellis RA, Lloyd RV, Heitz PU & Eng C. World Health Orgianization 
Classification of Tumors: Pathology and Genetics: Tumors of Endocrine 
Organs. Lyon: IARC, 2004.

 15 Haglund F, Juhlin CC, Kiss NB, Larsson C, Nilsson I-L & Höög 
A. Diffuse PTH expression in parathyroid tumors argues against 
important functional tumor subclones. European Journal of 
Endocrinology 2016 174 583–590. (doi:10.1530/EJE-15-1062)

 16 Sulaiman L, Nilsson IL, Juhlin CC, Haglund F, Larsson C & Hashemi 
J. Genetic characterization of large parathyroid adenomas. Endocrine-
Related Cancer 2012 19 389–407. (doi:10.1530/ERC-11-0140)

 17 Stranneheim H, Werne B, Sherwood E & Lundeberg J. Scalable 
transcriptome preparation for massive parallel sequencing. PLoS ONE 
2011 6 e21910. (doi:10.1371/journal.pone.0021910)

 18 Dobin A, Davis CA, Schlesinger F, Drenkow J, Zaleski C, Jha S, Batut P, 
Chaisson M & Gingeras TR. STAR: ultrafast universal RNA-seq aligner. 
Bioinformatics 2013 29 15–21. (doi:10.1093/bioinformatics/bts635)

 19 Uhlén M, Fagerberg L, Hallström BM, Lindskog C, Oksvold P, 
Mardinoglu A, Sivertsson Å, Kampf C, Sjöstedt E & Asplund A. 
Tissue-based map of the human proteome. Science 2015 347 1260419. 
(doi:10.1126/science.1260419)

 20 Naeem R, Rashid M & Pain A. READSCAN: a fast and scalable pathogen 
discovery program with accurate genome relative abundance estimation. 
Bioinformatics 2013 29 391–392. (doi:10.1093/bioinformatics/bts684)

 21 Williams JG, Wheeler MH, Aston JP, Brown RC & Woodhead JS The 
relationship between adenoma weight and intact (1–84) parathyroid 
hormone level in primary hyperparathyroidism. American Journal of 
Surgery 1992 163 301–304. (doi:10.1016/0002-9610(92)90007-E)

 22 Bjerneroth G, Juhlin C, Gudmundsson S, Rastad J, Akerström G & 
Klareskog L. Major histocompatibility complex class II expression and 
parathyroid autoantibodies in primary hyperparathyroidism. Surgery 
1998 124 503–509. (doi:10.1016/S0039-6060(98)70096-0)

 23 Maida MJ, Praveen E, Crimmins SR & Swift GL. Coeliac disease and 
primary hyperparathyroidism: an association? Postgraduate Medical 
Journal 2006 82 833–835. (doi:10.1136/pgmj.2006.045500)

 24 Massironi S, Cavalcoli F, Rossi RE, Conte D, Spampatti MP, Ciafardini 
C, Verga U, Beck-Peccoz P & Peracchi M. Chronic autoimmune 
atrophic gastritis associated with primary hyperparathyroidism: a 
transversal prospective study. European Journal of Endocrinology 2013 
168 755–761. (doi:10.1530/EJE-12-1067)

 25  Ignjatovic VD, Matovic MD, Vukomanovic VR, Jankovic SM & 
Džodić RR. Is there a link between Hashimoto’s thyroiditis and 
primary hyperparathyroidism? A study of serum parathormone 
and anti-TPO antibodies in 2267 patients. Hellenic Journal of Nuclear 
Medicine 2013 16 86–90.

 26 Katsnelson S, Cella J, Suh H & Charitou MM. Hypercalcemia in 
a patient with autoimmune polyglandular syndrome. Clinics and 
Practice 2012 2 e39 (doi:10.4081/cp.2012.e39)

 27 Pelletier-Morel L, Fabien N, Mouhoub Y, Boitard C & Larger E. 
Hyperparathyroidism in a patient with autoimmune polyglandular 
syndrome. Internal Medicine 2008 47 1911–1915.

Received 06 April 2017
Revised version received 22 August 2017
Accepted 30 August 2017

http://www.eje-online.org
http://dx.doi.org/10.1016/j.mce.2013.09.005
http://dx.doi.org/10.1210/jc.2012-2484
http://dx.doi.org/10.1530/EC-14-0109
http://dx.doi.org/10.1111/j.1365-2559.2011.04001.x
http://dx.doi.org/10.1111/j.1365-2559.2011.04001.x
http://dx.doi.org/10.1073/pnas.1319742111
http://dx.doi.org/10.1038/ncomms3513
http://dx.doi.org/10.1038/ncomms3513
http://dx.doi.org/10.1053/j.humpath.2003.07.001
http://dx.doi.org/10.1097/01.MP.0000076980.73826.C0
http://dx.doi.org/10.1159/000080473
http://dx.doi.org/10.1002/ijc.29683
http://dx.doi.org/10.1084/jem.183.3.725
http://dx.doi.org/10.1038/ni.2703
http://dx.doi.org/10.1530/EJE-15-1062
http://dx.doi.org/10.1530/ERC-11-0140
http://dx.doi.org/10.1371/journal.pone.0021910
http://dx.doi.org/10.1093/bioinformatics/bts635
http://dx.doi.org/10.1126/science.1260419
http://dx.doi.org/10.1093/bioinformatics/bts684
http://dx.doi.org/10.1016/0002-9610(92)90007-E
http://dx.doi.org/10.1016/S0039-6060(98)70096-0
http://dx.doi.org/10.1136/pgmj.2006.045500
http://dx.doi.org/10.1530/EJE-12-1067
http://dx.doi.org/10.4081/cp.2012.e39

	Abstract
	Introduction
	Material and methods
	Clinical cases and tissues samples
	Ethics
	Immunohistochemistry
	Whole transcriptome shotgun sequencing (RNA-seq)
	Statistical analyses

	Results
	Characterization and classification of inflammatory infiltrates
	Clinical differences between inflammatory and non-inflammatory adenoma cases
	Association of inflammatory infiltrates and autoimmune disease
	Absence of viral transcripts in parathyroid tumors

	Discussion
	Supplementary data
	Declaration of interest
	Funding
	Acknowledgements
	References

