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SUMMARY

 

Parathyroid hormone (PTH) stimulates osteoblasts to produce the proinflammatory cytokine interleu-
kin-6 (IL-6), causing bone resorption. In patients with primary hyperparathyroidism, elevated serum
levels of IL-6 normalize after resection of parathyroid tumours. Because IL-6 is also expressed in
normal  parathyroids  and  in  other  endocrine  cells  (adrenal  and  islet),  we  hypothesized  that  para-
thyroid tumours might contribute directly to the elevated serum IL-6 levels in patients with hyperpara-
thyroidism. Immunohistochemistry identified IL-6, PTH, and chromogranin-A (an endocrine and
neuroendocrine tumour marker) in normal, adenomatous and hyperplastic parathyroids. Using immu-
nofluorescence and confocal microscopy, IL-6 co-localized with PTH and with chromogranin-A in
parathyroid cells. All cultured parathyroid tumours secreted IL-6 at levels markedly higher than opti-
mally stimulated peripheral blood mononuclear cells. Supernates from cultured parathyroids stimulated
proliferation of an IL-6-dependent cell line, and anti-IL-6 MoAb abolished this stimulatory effect. IL-
6 mRNA was documented in cultured parathyroid tumours, cultured normal parathyroids, fresh oper-
ative parathyroid tumours and fresh operative normal specimens. In conclusion, these data show that
parathyroid tumours and normal parathyroids contain, produce and secrete IL-6. Our findings present
a novel pathway by which human parathyroids may contribute markedly to IL-6 production and ele-
vation of serum IL-6 levels in patients with hyperparathyroidism. The physiological relevance of IL-6
production by human parathyroids remains to be determined, but IL-6 secretion by parathyroid
tumours may contribute to bone loss and to other multi-system complaints observed in these patients.
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INTRODUCTION

 

Primary hyperparathyroidism is an increasingly common endo-
crine disorder [1]. Although many patients with this diagnosis
have few symptoms, there is increasing evidence that significant
bone loss is present in a majority of cases and that parathyroidec-
tomy results in marked improvement in bone mass in patients
with primary hyperparathyroidism [2,3]. The mechanisms by
which parathyroid tumours promote increased bone turnover are
not fully understood, although several recent studies have found
that parathyroid hormone stimulates the production and release
of cytokines from monocyte-macrophage-like cells as well as from
osteoblasts, and that these cytokines affect osteoblast and osteo-
clast functions [4]. For example, some cytokines such as IL-1, IL-
6, IL-11, transforming growth factor (TGF) and tumour necrosis
factor (TNF)-

 

α

 

, promote bone resorption [5–9].

The direct effects of IL-6 on bone resorption have been well
characterized. IL-6 stimulates osteoclastogenesis and bone
resorption 

 

in vitro

 

, and IL-6 is produced by osteoblasts in
response to PTH [5,10–14]. In a recent clinical study, 16-fold
higher serum levels of IL-6 were reported in patients with primary
hyperparathyroidism than in controls, and these elevated IL-6
levels normalized after parathyroidectomy [15]. Serum levels of
IL-6 and IL-6 soluble receptor (IL-6sR) have been shown to cor-
relate strongly with rates of bone turnover in patients with pri-
mary hyperparathyroidism [16]. Furthermore, circulating levels of
IL-6 and IL-6sR can predict rates of bone loss in patients with
hyperparathyroidism [16,17].

IL-6, a cytokine with pleiotropic activities, was originally iden-
tified as B cell stimulatory factor 2 (BSF2) in supernates of mito-
gen-treated leucocytes that induced terminal differentiation of
immunoglobulin-producing B cells [18]. IL-6 expression has been
reported in T cells, fibroblasts, adipocytes, endothelial cells, pan-
creatic islets and in a variety of tumours (prostate, astrocytic,
colorectal, biliary and adrenal) [18–22]. Recently, IL-6 immunore-
activity has  been  demonstrated  in  normal  parathyroid  cells
[23]. Therefore, we postulated that human parathyroid tumours
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might express and secrete IL-6, contributing directly to the
elevated serum IL-6 levels noted in patients with primary
hyperparathyroidism.

 

MATERIALS AND METHODS

 

Patients and tissues

 

Included in this study were portions of parathyroid operative
tissue specimens from 80 patients shown in Table 1 with clini-

cal and histopathological diagnoses of solitary adenoma
(

 

n

 

 = 26, ID 1, 2, 17–19, 27–42, 67–70, 74), double adenoma
(

 

n

 

 = 4, ID 20, 21, 43 and 44), primary hyperplasia (

 

n

 

 = 8, ID
3, 22, 47–50, 72 and 73), familial primary hyperplasia (

 

n

 

 = 4,
ID 4, 5, 46 and 71), renal failure-related secondary hyperpla-
sia (

 

n

 

 = 13, ID 6, 23–25 and 51–59), multiple endocrine neo-
plasia (MEN-I) (

 

n

 

 = 2, ID 7 and 45) and carcinoma (

 

n

 

 = 2, ID
8 and 26). Normal parathyroid tissue was obtained from
surgeries on thyroid goitres and tumours in instances where

 

Table 1.

 

All patients listed by diagnosis and type of assay performed

ID Diagnosis
Single stain

IHC†
Dual stain

IF‡

Culture supernates
ng/mg protein/24 h IL-6 mRNA 

n.d.
Cultured

n.d. 
FrozenPTH/IL-6§

IL-6
bioassay††

1 Sol. Adenoma‡‡ IL-6 +, PTH +,
CG +, VWF +

n.d.* n.d. n.d. n.d. n.d.

2 Sol. Adenoma IL-6 +, PTH +
3 1

 

°

 

 Hyperplasia** IL-6 +, PTH +,
CG +, VWF +

n.d. +/+++ n.d. n.d. n.d.

4 Fam. 1

 

°

 

 Hyperpl¶ IL-6 +, PTH +, CG + IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
5 Fam. 1

 

°

 

 Hyperpl IL-6 +, PTH +
6 2

 

°

 

 Hyperplasia§§ IL-6 +, PTH +,
CG +, VWF +

n.d. n.d. n.d. n.d. n.d.

7 MEN I IL-6 +, PTH +
8 Carcinoma IL-6 +, PTH-,

CG +, VWF-
n.d. n.d. n.d. n.d. n.d.

9 Normal IL-6 +, PTH +,
CG-, VWF-

n.d. n.d. n.d. n.d. n.d.

10 Normal IL-6-, PTH + n.d. n.d. n.d. n.d. n.d.
11 Normal IL-6-, PTH +, VWF + n.d. n.d. n.d. n.d. n.d.
12 Normal IL-6 +, PTH + n.d. n.d./+++ n.d. n.d. n.d.
13 Normal IL-6 +, PTH + n.d. n.d. n.d. n.d. n.d.
14 Normal IL-6 +
15 Normal IL-6 +
16 Normal IL-6 +
17 Sol. Adenoma n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
18 Sol. Adenoma n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
19 Sol. Adenoma n.d. IL-6/CD45 - n.d. n.d. n.d. n.d.
20 Dbl. Adenoma¶¶ n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
21 Dbl. Adenoma n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
22 1

 

°

 

 Hyperplasia n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
23 2

 

°

 

 Hyperplasia n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
24 2

 

°

 

 Hyperplasia n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
25 2

 

°

 

 Hyperplasia n.d. IL-6/PTH +, CG +,
IL-6/CD45 -

n.d. n.d. n.d. n.d.

26 Carcinoma n.d. IL-6/PTH +, CG + n.d. n.d. n.d. n.d.
27 Sol. Adenoma n.d. n.d. ++/+++ n.d. positive undetectable
28 Sol. Adenoma n.d. n.d.

 

±/++

 

n.d. n.d. undetectable
29 Sol. Adenoma n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
30 Sol. Adenoma n.d. n.d. + ++/+++ n.d. n.d. n.d.
31 Sol. Adenoma n.d. n.d.

 

±/++

 

n.d. n.d. n.d.
32 Sol. Adenoma n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
33 Sol. Adenoma n.d. n.d.

 

±/++

 

n.d. positive n.d.
34 Sol. Adenoma n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
35 Sol. Adenoma n.d. n.d.

 

±/++

 

n.d. n.d. n.d.
36 Sol. Adenoma n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
37 Sol. Adenoma n.d. n.d. +/++ n.d. n.d. n.d.
38 Sol. Adenoma n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
39 Sol. Adenoma n.d. n.d.

 

±/++

 

n.d. positive (positive)†††
40 Sol. Adenoma n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
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these normal parathyroids were intimate with the capsule of
the thyroid tumours (

 

n

 

 = 21, ID 9–16, 60–66 and 75–80). After
resection, these normal parathyroids were routinely dissected
from the surface of the thyroid goitres and tumours, minced
finely in a Petri dish, and returned to the patients as
autografted parathyroid fragments. Afterwards, small num-
bers of residual normal parathyroid cells left in the Petri dish
that would have been discarded were suspended in HBSS for
study.

 

Immunohistochemical staining of parathyroid tumour sections 
for IL-6, PTH, chromogranin-A and von Willebrand factor

 

Formalin-fixed, paraffin-embedded specimens of human parathy-
roid glands were immunostained for IL-6, PTH, chromogranin-A
(an endocrine and neuroendocrine tumour marker) and von Will-
ebrand factor (factor VIII-related antigen, an endothelial cell
marker). Immunohistochemical staining was performed using an
avidin–biotin–peroxidase complex technique and steam heat-
induced antigen retrieval. Rabbit polyclonal antibodies to human

 

41 Sol. Adenoma n.d. n.d. +/+++ n.d.. n.d. n.d.
42 Sol. Adenoma n.d. n.d.

 

±/++++

 

n.d. n.d. n.d.
43 Dbl. Adenoma n.d. n.d.

 

±/++

 

n.d. positive n.d.
44 Dbl. Adenoma n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
45 MEN-I n.d. n.d.

 

±/+++

 

+ positive undetectable
46 Fam. 1

 

°

 

 Hyperpl 

 

×

 

 2‡‡‡ n.d. n.d. +/+++ n.d. n.d. n.d.
47 1

 

°

 

 Hyperplasia n.d. n.d.

 

±/++

 

n.d. positive undetectable
48 1

 

°

 

 Hyperplasia n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
49 1

 

°

 

 Hyperplasia n.d. n.d. ++/++ n.d. n.d. n.d.
50 1

 

°

 

 Hyperplasia 

 

×

 

 2 n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
51 2

 

°

 

 Hyperplasia 

 

×

 

 4 n.d. n.d.

 

±/++

 

+ positive positive
52 2

 

°

 

 Hyperplasia 

 

×

 

 3 n.d. n.d.

 

±/+++

 

+ positive positive
53 2

 

°

 

 hyperplasia 

 

×

 

 4 n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
54 2

 

°

 

 Hyperplasia 

 

×

 

 3 n.d. n.d. + ++/+++ n.d. n.d. n.d.
55 2

 

°

 

 Hyperplasia 

 

×

 

 4 n.d. n.d. + ++/++ n.d. n.d. n.d.
56 2

 

°

 

 Hyperplasia 

 

×

 

 3 n.d. n.d.

 

±/++

 

n.d. positive undetectable
57 2

 

°

 

 Hyperplasia 

 

×

 

 1 n.d. n.d. + ++/++ n.d. n.d. n.d.
58 2

 

°

 

 Hyperplasia 

 

×

 

 3 n.d. n.d. + ++/++ n.d. positive n.d.
59 2

 

°

 

 Hyperplasia 

 

×

 

 3 n.d. n.d.

 

±/+++

 

n.d. n.d. n.d.
60 Normal n.d. n.d. + ++/+ n.d. n.d. n.d.
61 Normal n.d. n.d. ++/++ n.d. n.d. n.d.
62 Normal n.d. n.d. ++/++ n.d. n.d. n.d.
63 Normal n.d. n.d. ++/+++ n.d. n.d. n.d.
64 Normal n.d. n.d. + ++/+++ n.d. n.d. n.d.
65 Normal n.d. n.d. n.d./+ n.d. n.d. n.d.
66 Normal n.d.. n.d. n.d./++ n.d. n.d. n.d.
67 Sol. Adenoma n.d. n.d. n.d. + n.d. n.d.
68 Sol. Adenoma n.d. n.d. n.d. + n.d. n.d.
69 Sol. Adenoma n.d. n.d. n.d. + n.d. n.d.
70 Sol. Adenoma n.d. n.d. n.d. + n.d. n.d.
71 Fam. 1

 

°

 

 Hyperpl n.d. n.d. n.d. + n.d. n.d.
72 1

 

°

 

 Hyperplasia n.d. n.d. n.d. + n.d. n.d.
73 1

 

°

 

 Hyperplasia n.d. n.d. n.d. + n.d. n.d.
74 Sol. Adenoma n.d. n.d. n.d.. n.d. positive undetectable
75 Normal n.d. n.d. n.d.. n.d. positive positive
76 Normal n.d. n.d. n.d. n.d. positive positive
77 Normal n.d.. n.d. n.d. n.d. n.d. undetectable
78 Normal n.d. n.d. n.d. n.d. n.d. undetectable
79 Normal n.d. n.d. n.d. n.d. n.d. positive
80 Normal n.d. n.d. n.d. n.d. n.d. (positive)

ID Diagnosis
Single stain

IHC†
Dual stain

IF‡

Culture supernates
ng/mg protein/24 h IL-6 mRNA 

n.d.
Cultured

n.d. 
FrozenPTH/IL-6§

IL-6
bioassay††

†IHC indicates immunohistochemistry. ‡IF indicates immunofluorescence. §PTH(RIA)/IL-6 (EIA): 

 

±

 

 

 

≤

 

 1 ng/mg tissue protein/24 h, += 1–10 ng/mg  
tissue protein/24 h, + + = 10–100 ng/mg tissue protein/24 h, ++ + = 100–1000 ng/mg tissue protein/24 h, + + + + 

 

≥

 

 1000 ng/mg tissue protein/24 h. ††IL-6 
bioassay, + = positive. *n.d.: The test was not done. ‡‡Sol. Adenoma = solitary adenoma; **1

 

°

 

 Hyperplasia = primary hyperplasia. ¶Fam. 1

 

°

 

 
Hyperpl = familial primary hyperplasia. §§2

 

°

 

 Hyperplasia = secondary hyperplasia. ¶¶ Dbl. Adenoma = double adenoma. ††† (positive) = weakly positive. 
†††

 

×

 

2 = two glands from this patient.

 

Table 1.
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IL-6, 1/40 dilution (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), and PTH, 1/80 dilution (Biogenex, San Ramon, CA,
USA) were used, as well as monoclonal antibodies to chromog-
ranin-A, 1/80 dilution (clone DAK-A3) (Dako, Carpinteria, CA,
USA) and to von Willebrand factor, 1/100 dilution with enzyme
pretreatment (clone F8/68) (Dako). For negative controls, the
specific antibody was replaced with buffer. Cytoplasmic immun-
ostaining was assessed (by C. C.) using two parameters: (a) inten-
sity using a 0, + , + +, or + + + scale and (b) percentage of cells
staining positively, with 

 

<

 

5% regarded as negative, 

 

>

 

50%
regarded as diffuse positive and 

 

>

 

5% but 

 

<

 

50% as focal positive.

 

Immunofluorescent labelling of parathyoid cells for IL-6, 
PTH, chromogranin-A and CD45

 

Cytospins of fresh, finely minced human parathyroid tissue were
dually labelled with fluorescent antibodies for IL-6 and PTH, IL-
6 and chromogranin-A or IL-6 and CD45 (a marker for haemato-
poietic cells) followed by confocal microscopy. Cytospins were
then rehydrated in Tris-buffered saline (TBS), quenched with
0·02% hydrogen peroxide, washed, permeabilized with 0·5% Tri-
ton X-100 in TBS, washed again, and incubated in serum-free
blocking solution (protein block, Dako) followed by overnight
incubation in a humid chamber at 4

 

°

 

C with rabbit polyclonal anti-
bodies to human IL-6 (Santa Cruz Biotechnology, Inc.) or rabbit
isotype control (Dako) in ICC diluent buffer (BD PharMingen,
San Diego, CA, USA). For dual labelling, cytospins were further
incubated with rat antihuman PTH MoAb (clone 3B3, Dako) or
rat isotype control or murine antihuman chromogranin-A MoAb
(clone DAK-A3, DAKO), murine antihuman CD45 (clone HI30,
BD PharMingen) or murine isotype control diluted 1 : 20 in TBS
with 1% BSA. Cytospins were then washed three times in TBS
with 1% BSA and incubated with fluorophore-conjugated sec-
ondary antibodies, goat antirabbit IgG (Alexa fluor 594, Molec-
ular Probes, Eugene, OR, USA), goat antirat IgG or goat
antimouse IgG (Alexa fluor 488, Molecular Probes). Cytospins
were then washed and mounted in aqueous mounting medium
(Vector Laboratories, Burlingame, CA, USA). Coverslips were
applied. Positive controls included human lymphoid Hick-3 cells
for IL-6, human parathyroid tissue for PTH and human duodenal
tissue for chromogranin-A. Confocal microscopy was performed
on a scanning confocal microscope system (LSM 510; Carl Zeiss
Inc., Thornwood, NY, USA).

 

Parathyroid cell culture

 

Human parathyroid glands were minced, washed twice with
Hanks’s balanced salt solution (HBSS) and incubated in 2 mg/ml
collagenase (CLS4, Type 4, Worthington Biochemical Corp.,
Lakewood, NJ, USA) or endotox in-free liberase (Roche Diag-
nostics Corp., Indianapolis, IN, USA) for 1–1·5 h in a 37

 

°

 

C shak-
ing water bath (170 rpm) with vigorous hand shaking at 30-min
intervals. The dissociated cells were passed through sterile nylon
mesh (500 

 

µ

 

M

 

), washed in HBSS and resuspended in RPMI-1640
(0·45 m

 

M

 

/l calcium, 0·4 m

 

M

 

/l magnesium) plus 10% fetal bovine
serum (FBS), 2 m

 

M

 

 

 

L

 

-glutamine, 10 m

 

M

 

 Hepes, 0·5 m

 

M

 

 Na pyru-
vate, 100 IU/ml penicillin and 100 

 

µ

 

g/ml streptomycin. The cells
were plated at 0·5–1 

 

× 

 

10

 

6

 

/ml in 12-well dishes and cultured for 1–
9 days at 37

 

°

 

C, 5% humidified CO

 

2

 

.

 

Detection of intact PTH (iPTH) and IL-6

 

For detection of iPTH and IL-6, parathyroid cell culture super-
nates were collected after 1–9 days of culture and stored at 

 

−

 

20

 

°

 

C

until assay. IL-6 and iPTH values were reported per tissue protein
(mg) per 24-h intervals. Upon termination of culture, cell mono-
layers were solubilized in 0·1% Triton X-100 in 1 N NaOH for
protein determination using a BCA Protein Assay Kit (Pierce
Chemical Co., Rockford, IL, USA). For iPTH analysis, the sam-
ples were diluted 1 : 10 in culture media and analysed using an
RIA kit (40–2170, Nichols Institute Diagnostics, San Juan Capis-
trano, CA, USA) with culture medium as a negative control. This
immunoradiometric assay utilizes two different goat polyclonal
antibodies to human PTH. One antibody that binds only the mid-
region and C-terminal PTH 38–84 is immobilized onto plastic
beads, and the other antibody binds only the N-terminal PTH 1–
34 and is radiolabelled for detection [24]. IL-6 was quantified
using a sandwich ELISA described previously [25] using a pair of
monoclonal antibodies (M-620-E for capture and biotinylated M-
621-B for detection, Endogen).

 

Detection of IL-6 bioactivity

 

IL-6 bioactivity in parathyroid culture supernates was assayed
using the IL-6-dependent B cell hybridoma B13·29 (B-9) in a pro-
liferation assay as previously described [8]. B9 cells were main-
tained in media containing 80 U/ml recombinant human IL-6 (r-
IL-6) (Genzyme). After culturing the B9 cells for 24 h in media
without IL-6, triplicate cultures of 2 

 

×

 

 10

 

4

 

 cells/well were exposed
to serial dilutions of parathyroid culture supernates

 

.

 

 After 48 h
culture, the cells were pulsed with [

 

3

 

H]-thymidine ([

 

3

 

H]Tdr, 1 

 

µ

 

C/
well) and harvested 18 h later onto filtermats. [

 

3

 

H]Tdr incorpora-
tion was measured using a beta counter (Wallac 1450 Microbeta
Trilux). A standard curve was derived using dilutions of a recom-
binant IL-6 standard. IL-6 neutralization was performed by pre-
incubating parathyroid culture supernates with decreasing
concentrations of a polyclonal antihuman antiserum (P-620,
Endogen) 3 h prior to B9 stimulation.

 

Measurement of IL-6 mRNA

 

RNA was isolated from freshly excised, frozen human parathy-
roid tissue or from primary parathyroid cell cultures and analysed
for IL-6 mRNA by reverse transcriptase-polymerase chain reac-
tion (RT-PCR) as described previously [26]. When comparing IL-
6 message in cultured parathyroid glands and in 

 

de novo

 

 tissue, all
reagents used in sample preparation were endotoxin free. Total
RNA was extracted using 4 

 

M

 

 guanidium isothiocyanate and pre-
cipitated with isopropanol. For reverse transcription (RT), 1 

 

µ

 

g of
parathyroid RNA was reverse transcribed in 50 

 

µ

 

l RT cocktail
(50 m

 

M

 

 Tris pH 8·3, 6 m

 

M

 

 MgCl

 

2

 

, 40 m

 

M

 

 KCl, 10 m

 

M

 

 dithiothrei-
tol, 0·01% nonidet P-40, 50 

 

µ

 

M

 

 random hexamers, 25 

 

µ

 

M

 

 deoxy-
nucleotide triphosphates (dNTP), 3 U RNasin, and 30 U murine
leukaemia virus reverse transcriptase (Promega, Madison, WI,
USA). The reverse transcription was allowed to proceed for
10 min at room temperature followed by 1 h at 42

 

°

 

C and termi-
nated by heat inactivation at 95

 

°

 

C for 5 min. PCR amplification
for cytokine message was performed as described previously
[27,28] with primers specific for human GAPDH and IL-6. A 264
base-pair fragment was amplified using forward (ATGAACTC
CTTCTCCACAAGC) and reverse (GTTTTCTGCCAGTGC
CTCTTTG) IL-6 primers [29]. Serial 10-fold dilutions of a
plasmid containing the IL-6 sequence were included for compar-
ison (0·1–1000 copies/reaction). Thirty cycles of denaturation
(95

 

°

 

C), annealing (60

 

°

 

C) and elongation (72

 

°

 

C) were performed
and the amplification products were fractionated by electrophore-
sis through 1·6% agarose gels and visualized with ethidium bro-
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mide staining. The identity of the amplified IL-6 fragment was
verified by Southern blotting and hybridization to an internal
digoxigenin-labelled oligoprobe (TGCTCCTGGTGTTGCCT
GCTGCCTT).

 

Statistical analysis

 

All data were analysed using the GraphPad InStat program
(GraphPad Software, Inc., San Diego, CA, USA) and SAS. The
statistical significance of differences in quantitative variables
among groups was analysed by the Kruskal–Wallis test (non-para-
metric 

 

ANOVA

 

), rather than by parametric 

 

ANOVA

 

, as the data did
not follow a Gaussian distribution and the variance for each
group was not similar. Specific comparisons between two groups
were analysed by the Wilcoxon rank-sum test. A 

 

P

 

-value = 0·05
was  considered  statistically  significant.  Statistical  tests were
two-sided.

 

RESULTS

 

Identification of IL-6, PTH, chromogranin-A and von 
Willebrand factor in parathyroid cells
IL-6 was detected in eight of eight ex vivo parathyroid tumours
stained for IL-6 (ID 1–8, Table 1) and also in six of eight ex vivo
normal parathyroids (ID 9–13, Table 1), confirming a previous
report by Kontogeorgos et al. describing the histological detection
of IL-6 in multiple endocrine tissues [23]. The specificity of our
IL-6 staining was verified by competitive inhibition using recom-
binant human IL-6. The intensity of staining for IL-6 (on a scale of
0 to + ++) was rated as + + + for six of eight parathyroid tumours
and two of eight normal glands, + + for two of eight parathyroid
tumours and three of eight normal glands, and + in one of eight
normal parathyroids with only two normal glands negative for IL-
6 (Table 2). In addition, at least 50% of the cells were positive in
eight of eight parathyroid tumours and in four of eight normal
glands studied. In two normal parathyroid glands that were rated
++ for IL-6, 20% and 40% of the cells stained positively in the
respective glands (Table 2). Thus, immunostaining documented
relatively high levels of IL-6 in vivo in all parathyroid tumours
and in four of eight normal glands studied and demonstrated
lower levels of IL-6 production, but nevertheless positivity, in two
of eight normal parathyroid glands.

PTH production was demonstrated in seven of eight parathy-
roid tumours (ID 1–8, Table 1) and in five of five normal glands
stained for PTH (ID 9–13, Table 1). The one parathyroid tumour
that did not stain positive for PTH was a carcinoma (ID 8,
Table 1), and this should not be unexpected because non-produc-
tive parathyroid carcinomas have been reported by others [30].
Chromogranin-A was found in five of five tumours stained for
chromogranin-A (ID 1, 3, 4, 6, 8, Table 1), but not in one normal
gland tested (ID 9, Table 1). Von Willebrand factor was detected
in endothelial cells lining blood vessels of three of four tumours
tested (ID 1, 3, 6 and 8, Table 1), and in one of two normal glands
tested (ID 9 and 11, Table 1).

Figure 1 shows serial sections of normal parathyroid tissue,
including the isotype negative control (Fig. 1a), positive staining
for IL-6 (Fig. 1b) and positive staining for PTH (Fig. 1c). A major-
ity of cells (90%) stained positively for PTH, as expected, and a
majority of cells (90%) in these normal glands also were positive
for IL-6. Figure 2 demonstrates a representative parathyroid
tumour with isotype negative control staining (Fig. 2a), and pos-
itive staining for IL-6 (Fig. 2b), PTH (Fig. 2c) and chromogranin-

A (Fig. 2d). A high frequency of cells (>50%) stained positively
for IL-6, PTH or chromogranin-A throughout the tissue. In the
four tumours stained for von Willebrand factor, the relatively few
cells that stained positively were localized to endothelial cells of
blood vessel walls and did not overlap with the IL-6-, PTH- or
chromogranin-A-positive cells (not shown).

Co-expression of IL-6 and PTH or IL-6 and 
chromogranin-A in parathyroid cells
Many different types of cells are known sources of IL-6. Because
histological analyses may not always be fully conclusive [23], it
was necessary to determine whether the IL-6 detected by immu-
nohistochemistry was present in parathyroid cells, haematopoie-
tic cells or some other cell type found in parathyroid glands.
Therefore, cytospins of fresh human parathyroid tissue were
dually labelled using monoclonal antibodies for IL-6 and PTH, as
well as IL-6 and chromogranin-A (n = 10, ID 4, 17, 18, 20–26,
Table 1) or IL-6 and CD45 (n = 2, ID 19 and 25, Table 1) followed
by fluorophore-conjugated secondary antibodies and confocal
microscopy. As positive controls, human lymphoid cells (Hick-3
cells) were labelled using anti-IL-6 MoAb, human parathyroid
tissue was labelled using anti-PTH MoAb, and human duodenal
tissue was labelled using antichromogranin-A MoAb (not
shown). Isotype control MoAb served as negative controls (not
shown). In 10 of 10 parathyroid tumours, positive dual labelling
for IL-6/PTH as well as for IL-6/chromogranin-A was observed in
single parathyroid cells. Figure 3 shows representative confocal
images of cultured parathyroid cells immunofluorescently
labelled for IL-6 (red, Fig. 3a) and PTH (green, Fig. 3b). In this
example, IL-6 and PTH co-localized to the cytoplasm of many
parathyroid cells, appearing yellow by confocal microscopy

Table 2. IL-6 immunostaining in parathyroid tumors and normal 
parathyroids*

Diagnosis

IL-6 

Intensity % cells positive

Carcinoma + + + 80
Solitary Adenoma + + 60
Solitary Adenoma + + + 80
Solitary Adenoma + + + >50
Familial 1° Hyperplasia + + + 90
Familial 1° Hyperplasia + + + >50
2° Hyperplasia + + >50
MEN I + + + >50
Normal + + + 90
Normal + 70
Normal + + 70
Normal + + + >50
Normal + + 20
Normal + + 40
Normal Neg <5
Normal Neg <5

By visual inspection using a light microscope, the intensity of staining
was rated on a scale of 0 to + ++, with 0 meaning no staining and + + +
representing maximum intensity staining. To determine percentage cells
positive, the entire section was viewed and the percentage of cells with
positive staining was estimated.
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(Fig. 3c). Similarly, immunofluoresent labelling for IL-6/chromog-
ranin-A in parathyroid cells from the same patient demonstrates
clearly that IL-6 is coexpressed with chromogranin in neuroendo-
cine cells of these parathyroid glands (Fig. 3d). In addition, a few
cells can be identified that were singly labelled red for IL-6 or
green for PTH, suggesting either that PTH and IL-6 expression
are not co-ordinated or that different subsets of parathyroid cells
express PTH versus PTH/IL-6. In addition, to test for the possi-
bility that lymphocytes (or other haematopoietic cells present in
parathyroid cell cultures) might be an important source of IL-6,
we dually stained cytospins of parathyroid cells for both CD45
and IL-6. In samples from two parathyroids (ID 19 and 25,
Table 1) less than 2% of cells were CD45 positive, and only rare
cells exhibited dual staining for both CD45 and IL-6 (data not
shown). This finding indicates that IL-6-secreting haematopoietic
cells were extremely sparse, compared with the high frequency of
PTH/IL-6 co-expressing cells (Fig. 3).

Secretion of PTH and IL-6 by cultured human parathyroids
PTH was detected by immunoradiometric assay in the culture
supernates of all normal parathyroid glands tested (ID 12 and 60–
66, Table 1) and in all parathyroid tumours (ID 3 and 27–59,
Table 1). The levels of PTH secreted by parathyroid tumours
varied widely (range = 0·003–1079 ng/mg tissue protein/24 h,
median = 0·216 ng/mg tissue protein/24 h, n = 57). Notably, cul-
ture supernates from individual secondary hyperplasias (n = 28)
contained diverse levels of PTH (range = 0·002–1079 ng/mg tissue
protein/24 h) resulting in a median of 0·4 and a mean of
154·7 ± 55·8 (Table 3). In contrast, PTH secretion by normal par-
athyroid glands exhibited less variation (range = 58–185·5,
median = 86·9 ng/mg tissue protein/24 h, n = 5) (Table 3). A com-
parison of PTH secretion by various types of parathyroids (ade-
nomas, primary hyperplasia, secondary hyperplasia and normal
glands) revealed that the adenomas secreted significantly less
PTH than normal parathyroids per mg tissue protein (Table 3).
PTH release by familial primary hyperplastic glands and one
gland from a patient diagnosed with MEN-1 were also lower than
normal, but statistical analysis was not possible due to the small
number of samples. Thus, while three of 28 secondary hyperplastic
glands secreted markedly higher PTH levels (>800 ng/mg tissue
protein/24 h), in general tumorigenesis correlated with a pro-
found decrease in PTH production when compared with cultures
of normal parathyroid cells.

In contrast, all types of parathyroid tumours released high
amounts of IL-6 as determined by enzyme-linked immunosor-
bent assay (ELISA) (mean values 109·5 ± 23·6–235·3 ± 63·2 ng/
mg tissue protein/24 h, Table 3), whereas normal parathyroids
produced about one-fourth to one-half as much IL-6 as par-
athyroid tumours. Using non-parametric ANOVA, there was a
significant difference in IL-6 secretion among adenomas, pri-
mary hyperplasias, secondary hyperplasias and normal glands
(P = 0·0415) (Table 3). In addition, using the Wilcoxon rank-
sum test, adenomas (but not primary or secondary hyperpla-
sias) produced significantly more IL-6 than normal glands
(P = 0·04).

Functional activity of IL-6 produced by human parathyroids
To confirm that the IL-6 secreted by human parathyroids is bio-
logically active, an IL-6-dependent cell line, B9, was cultured in
the presence or absence of parathyroid culture supernates from
10 parathyroid tumours (ID 45, 51, 52, 67–73, Table 1), and pro-

Fig. 1. A normal parathyroid gland (ID 12, Table 1) was embedded in
paraffin and stained by immunohistochemistry as described in Materials
and Methods. (a) Isotype negative control, 400×; (b) IL-6 staining; 400×;
(c) PTH staining; 4000×.

(a)

(b)

(c)
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liferation of the B9 cells was measured by [3H]Tdr uptake. This
assay was performed qualitatively, whereby single dilutions of cul-
ture supernates from 10 of 10 glands were found to markedly
induce the proliferation of B9 cells (data not shown). As shown in
Fig. 4a, the B9 cells proliferated in a dose-dependent fashion to
increased concentrations of parathyroid culture supernates. Fur-
thermore, pretreatment with anti-IL-6 antibodies inhibited the
stimulatory activity of a representative parathyroid culture super-
nate in a dose-dependent manner (Fig. 4b).

IL-6 mRNA expression in cultured parathyroids and in frozen 
operative parathyroid specimens
In order to confirm the in vivo IL-6 production demonstrated
by immunohistochemical analysis, IL-6 mRNA expression was
investigated in cultured parathyroids and in frozen operative
specimens by RT-PCR, using primers specific for human IL-6.
As shown in Fig. 5a and b, a 264 bp IL-6 amplicon was present
in six cultured parathyroids from five individuals with a clinical

diagnosis of adenoma (samples 1, 3, 4, 20, 21 and 23), one gland
from a patient with MEN-I (sample 2), one gland from an indi-
vidual with primary hyperplasia (sample 19) and 6 glands from
four patients with secondary hyperplasia (samples 5–8, 9–11,
12–14 and 15–18). In contrast, detection of IL-6 mRNA from 14
parathyroid glands collected ex vivo from nine individuals and
frozen immediately after resection (samples 25–38) showed a
much lower frequency of positivity and intensity of signal
(Fig. 5b), suggesting amplification and/or induction of IL-6 pro-
duction upon culture initiation. As shown in Fig. 5b, the 264 bp
IL-6 amplicon was detected strongly in one frozen, uncultured
gland from a patient with secondary hyperplasia (sample 29)
and detected weakly in the other gland from that same patient
(sample 30). IL-6 mRNA expression was also clearly detected
in one frozen, uncultured gland (sample 35) from a patient with
secondary hyperplasia, less well in a second gland from the
same patient (sample 34) and not detected in a third gland from
that patient (sample 36). In addition, there was weak IL-6

Fig. 2. A representative sample of parathyroid tumour (ID 4, Table 1) stained for IL-6, PTH and chromogranin-A. Tissue from a patient
with familial primary adenoma was embedded in paraffin and stained by immunohistochemistry as described in Materials and Methods.
(a) Negative control, 400×; (b) IL-6 staining, 400×; (c) PTH staining, 400×; (d) Chromogranin-A staining, 400×.

(a) (b)

(c) (d)
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Fig. 3. Confocal microscopic analysis of cultured parathyroid cells labelled with MoAb against IL-6, PTH, and/or chromogranin-A followed
by fluorophore-conjugated secondary antibodies. Cytospins were prepared of cultured parathyroid cells from a patient with a clinical diagnosis
of renal failure-related secondary hyperplasia (ID 25, Table 1). The cells shown in Fig. 3a, b and c were stained as described in Materials and
methods with both anti-IL-6 with Alexa fluor 594-conjugated secondary antibodies and anti-PTH with Alexa fluor 488-conjugated secondary
antibodies. (a) Cells expressing IL-6 (red), emission wavelength 615 nm; 400×. (b) Cells expressing PTH (green), emission wavelength 515 nm,
400×. (c) Cells co-expressing IL-6 and PTH (bright yellow), emission wavelength 545 nm, 400×. The cells shown in Fig. 3d are cytospins of
parathyroid cells from the same patient labelled as described for IL-6, but doubly labelled with antichromogranin-A and Alexa fluor 488-
conjugated secondary antibodies. Cells coexpressing IL-6 and chromogranin-A appear bright yellow, emission wavelength 545 nm, 200×.

(a) (b)

(c) (d)
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mRNA signal in frozen parathyroid tissue from one patient
with adenoma (sample 28). IL-6 mRNA was not detected in
uncultured tissue from four other patients (samples 25–27 and
samples 31–33), while cultures of the parathyroid glands from
the same patients led to clearly detectable IL-6 signals (Fig. 5a,
samples 1, 2, 3 and 9–11, respectively). Induction of such sig-
nals was rapid upon culture initiation (<6 h) and was not sec-
ondary to the presence of endotoxin in the sample cultures
(data not shown).

Samples of tissue from six normal parathyroids were also
tested for the presence of IL-6 mRNA (Fig. 5C, samples 39–44),
along with GAPDH as a control for the RNA. IL-6 message was
detected in four of six of these normal parathyroids (samples 39,
40, 43 and low signal for 44), confirming the in vivo expression of
IL-6 in normal glands already demonstrated by immunohis-
tochemistry (Fig. 1). IL-6 mRNA was undetectable in two of six
normal parathyroids even though these samples showed compa-
rable GAPDH signals, suggesting that IL-6 transcription is regu-
lated in vivo, and that these repression mechanisms may be
relieved upon in vitro culture.

DISCUSSION

The most significant finding of this study is that human parathy-
roid tumours and normal human parathyroid cells contain, pro-
duce and secrete the proinflammatory cytokine IL-6. The impetus
for our study was the recent report that IL-6 concentrations in
serum are elevated markedly in patients with primary hyperpar-
athyroidism, and that successful parathyroidectomy normalized
serum IL-6 levels [15]. It has been suggested that some of the
symptoms of hyperparathyroidism, such as fatigue, lethargy, bone

pain, arthralgia and muscle aches and pains may be due in part to
elevated serum levels of proinflammatory cytokines such as IL-6
[15]. We observed routinely prompt and dramatic improvement in
multi-system complaints of patients with hyperparathyroidism
after resection of parathyroid tumours (data not shown).

IL-6 is a pleiotropic cytokine with a diverse range of biological
activities in immune and inflammatory responses. IL-6 has been
linked to the pathogenesis of a number of diseases, including mul-

Table 3.  PTH and IL-6 secreted by parathyroid glands in vitro*

Diagnosis n

PTH IL-6 

Mean Median Mean Median

Adenoma 20 15·9 ± 13·7 0·1† 235·3 ± 63·2 135·4§
MEN-I 1 0·061 193·2
Familial 1° Hyp 2 3·06, 0·39 1·7 206·6, 28·5 117·6
1° Hyperplasia 6 6·9 ± 6·3 0·2 173·0 ± 54 0142·7
2° Hyperplasia 28 154·7 ± 55·8 0·4 109·5 ± 23·6 64·1
Normal 5, 8‡ 131·6 ± 77 86·9 62·5 ± 18 55·3

*Shown for each diagnosis are numbers of glands (n) studied, the mean
PTH ± s.e., the median value of PTH, the mean IL-6 ± s.e. and the median
value of IL-6. Units are ng/mg tissue protein/24 h. Dissociated parathyroid
glands were plated at 0·5–1 × 106/ml in 12-well dishes and cultured for 1–
9 days at 37°C, 5% humidified CO2. Upon termination of culture, super-
nates were harvested for PTH and IL-6 analysis, and cell monolayers were
solubilized for total protein quantification as described in Materials and
methods. ‡Five normal glands were analysed for PTH, and eight were
analysed for IL-6. †Using the Kruskal–Wallis non-parametric test, differ-
ences among PTH levels secreted by adenomas, 1° hyperplasia, 2° hyper-
plasia and normal glands were significant (P = 0·0290), with P < 0·05
between PTH in culture supernates of adenomas and normal parathyroids.
§Using the Kruskal–Wallis non-parametric test, differences among IL-6
levels secreted by adenomas, 1° hyperplasia, 2° hyperplasia, and normal
glands were significant (P = 0·0415), with P < 0·05 between IL-6 in culture
supernates of adenomas and normal parathyroids using the Wilcoxon rank-
sum test.

Fig. 4. Proliferation of IL-6-dependent B9 cells is stimulated by parathy-
roid culture supernates and inhibited by anti-IL-6 MoAb. (a) A represen-
tative experiment is shown, one of five experiments using culture
supernates from a patient with primary hyperplasia (ID 72, Table 1).
Means of triplicate wells ± s.d. are plotted. (b) A representative experi-
ment is shown (one of three using optimal concentration of parathyroid
culture supernate pretreated with titrations of anti-IL-6 antibodies). Par-
athyroid culture supernates were preincubated for 3 h with anti-IL-
6 MoAb at the indicated concentrations. B9 cell proliferation was deter-
mined exactly as described in Fig. 4a. Means of triplicate wells ± s.d. are
plotted.
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tiple myeloma [31,32], Castleman’s disease [33,34], postmeno-
pausal osteoporosis [35–37], rheumatoid arthritis [38] and
multiple sclerosis [39]. It has been shown clearly that osteoblasts
secrete IL-6 under the stimulus of PTH, and that IL-6 is an impor-
tant mediator of bone resorption, both directly [6,10,11] and by
regulating the activities of PTH [40]. In addition, IL-6 has a role
in osteoclast activation and the subsequent induction of bone
resorption [35]. While PTH-stimulated IL-6 release from osteo-
blasts may be the predominant source of IL-6 in the serum of
patients with primary hyperparathyroidism, there are other
potential sources, such as T cells, endothelial cells, monocytes or
fibroblasts that secrete IL-6 when activated during inflammatory
responses [41]. The novelty of our study is the finding that par-
athyroids themselves contain, produce and secrete IL-6. As a vari-
ety of tumours have also been shown to express IL-6 [18–22], we
hypothesized that parathyroid tumours may produce and secrete
IL-6 and thus contribute to the markedly elevated serum levels
associated with hyperparathyroidism. During the course of our
studies, a report of immunohistochemical staining for IL-6 in nor-
mal human parathyroid cells was published that clearly supports
our findings [23]. To our knowledge, the potential physiological
impact of IL-6 secretion by human parathyroids has not been
addressed previously.

Based on our findings presented herein, there are several
issues that deserve further investigation. First, while evidence was
provided for IL-6 production by parathyroid cells in vivo and in
vitro, the production appears to be tightly regulated in vivo based
on mRNA analysis. Thus, the nature and physiological bases for
this regulation should be examined. Next, while the data in
Table 3 suggest that IL-6 production and PTH production are
controlled differentially in vitro, our data indicate that parathy-
roid tumours tend to produce higher levels of IL-6 and lower lev-
els of PTH than normal glands. While not providing formal proof
that the elevated serum IL-6 levels noted in patients with primary
hyperparathyroidism [15] is due to parathyroid IL-6 production,
the relatively lower PTH production by these cells suggests that
PTH-mediated IL-6 induction in haematopoietic cells would be a
minor contributor. This observation also suggests that chronic IL-
6 elevation could exert an important effect on bone metabolism,
even if PTH production is diminished.

Human parathyroids are composed predominantly of two dif-
ferent cell types, chief cells and oxyphilic cells. Chief cells, the
major cell type, are responsible for PTH synthesis and secretion,
and PTH is co-stored and co-secreted with chromogranin-A in
this parathyroid lineage [42]. In our experiments, immunofluores-
cence localized IL-6 to PTH- and chromogranin-A-containing
cells, most probably chief cells, in normal, adenomatous and
hyperplastic parathyroids. In addition, we also detected in each
gland a large number of chromogranin A-positive cells that con-
tained IL-6, but not PTH, suggesting that neuroendocrine cells
other than chief cells in parathyroid tumours may produce IL-6.
Our results correlate with those of Kontogeorgos et al. [23], who
found that parathyroid chief cells in normal parathyroids were
mildly positive for IL-6 by immunohistochemistry, while oxyphilic
cells stained more intensely for IL-6.

Cultures of dispersed parathyroid glands contain endothelial
cells and a small percentage of haematopoietic cells, including
lymphocytes, monocytes and macrophages. Therefore, it is possi-
ble that cells of non-parathyroid lineages may have contributed to
the IL-6 we have detected in culture media. However, in serial
sections the same cells that stained positive by immunohis-

Fig. 5. (a) Assessment of IL-6 expression in collagenase-dispersed, cul-
tured human parathyroids by RT-PCR. RT-PCR was performed on total
RNA from collagenase-dispersed, cultured human parathyroids using
primers that amplified 264 bp of human IL-6. Samples 1 and 2 (ID 74 and
45, respectively, Table 1) cells collected at 24 h; samples 3 and 4 (ID 27
and 39, respectively, Table 1) cells collected at 48 h; samples 5–8 (ID 51,
Table 1), cells collected 2, 6, 10 and 14 days, respectively; lane
9 = molecular weight markers (pTZ19 digested with DdeI); samples 9–11
(ID 56, Table 1), cells harvested 1, 5 and 9 days, respectively; samples 12–
14 (ID 52, Table 1) three separate glands, cells harvested at 48 h; samples
15–18 (ID 58, Table 1) cells harvested at 2, 6, 10 and 12 days; sample 19
(ID 47, Table 1) cells harvested at 9 days. *Adenoma; †MEN-1; ‡second-
ary hyperplasia; fprimary hyperplasia. (b) Assessment of IL-6 expression
in cultured or frozen operative specimens of human parathyroids by RT-
PCR. RT-PCR was performed on total RNA from collagenase-dispersed,
cultured (samples 20–24) or frozen, operative (samples 25–38) human
parathyroids using primers that amplified 264 bp of human IL-6. Samples
20 and 21 (ID 43, Table 1) two separate glands, cells collected at 24 h;
sample 22, not performed; sample 23 (ID 33, Table 1) cells collected at
24 h; sample 24 (ID 47, Table 1) cells collagenase-dispersed and not cul-
tured, RNA prepared immediately after dispersion; lane 6 = molecular
weight markers; sample 25 (ID 74, Table 1); sample 26 (ID 45, Table 1);
sample 27 (ID 27, Table 1); sample 28 (ID 39, Table 1); samples 29, 30 (ID
51, Table 1), two glands; samples 31–33 (ID 56, Table 1), three glands;
samples 34–36 (ID 52, Table 1), three glands, sample 37 (ID 28, Table 1),
sample 38 (ID 47, Table 1). *Adenoma; †MEN-1; ‡secondary hyperplasia;
fprimary hyperplasia. (c) Assessment of IL-6 expression in normal human
parathyroids by RT-PCR. RT-PCR was performed on total RNA from
frozen, operative normal human parathyroids using primers that amplified
264 bp of human IL-6. Sample 39 (ID 75, Table 1); sample 40 (ID 76,
Table 1); sample 41(ID 77, Table 1); sample 42 (ID 78, Table 1); sample 43
(ID 79, Table 1); sample 44 (ID 80, Table 1); lanes 45–49: 10-fold serial
dilutions of IL-6 transcripts corresponding to 0·1, 1, 10, 100 and 1000
copies/reaction, respectively. GAPDH control amplification was per-
formed on the same samples, 39–43 (lanes 50–55, respectively).

Sample

Sample

264 bp
IL-6

amplicon

1*

(b)

(a)

2† 4* 6‡ 8‡ 10‡ 12‡ 14‡ 16‡ 18‡

3* 5‡ 7‡ 9‡ 11‡ 13‡ 15‡ 17‡ 19f mw

264 bp
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amplicon

20*

21* 23* mw 26† 28* 30‡ 32‡ 34‡ 36‡ 38f 
22 24f 25* 29‡ 31‡ 33‡ 35‡ 37*27*
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40 42 44 48 50 51 53 5546
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tochemistry for von Willebrand factor were negative for IL-6, and
vice-versa, implying that endothelial cells in the parathyroid
tumours we studied were not the source of IL-6. Because dual
staining for IL-6 and CD45 was detected rarely in the glands stud-
ied by immunofluorescence, it is unlikely that haematopoietic
cells within the parenchyma of the parathyroid tumours could be
responsible for the large amounts of IL-6 found in culture media.
In fact, culture supernates from parathyroid cells contained
approximately 100-fold higher IL-6 levels than supernates from
similar numbers of mitogen-stimulated haematopoietic cells [29],
suggesting that parathyroid cells are far more potent IL-6 produc-
ers than haematopoietic cells in vitro.

IL-6 message appears to be markedly amplified and/or
induced upon culture of parathyroid tumours, based on mRNA
analysis. However, this does not mean that IL-6 production by
cultured parathyroid cells is merely an artefact. First, IL-6 mRNA
also was detected in five of 14 frozen operative tumour specimens
and in four of six normal glands analysed ex vivo (Fig. 5b,c). IL-6
mRNA did not amplify in the remaining samples, possibly
because the sensitivity of our RT-PCR procedure is too low and/
or because IL-6 message is degraded rapidly. IL-6 message deg-
radation seems to be a plausible explanation, since the amount of
signal observed in the cultured cells appeared modest compared
to the abundant protein released by these cells (Fig. 5a and
Table 3). Secondly, the very rapid induction of IL-6 production
(IL-6 protein is detected within 6 h of culture, data not shown)
suggests that these cells may be ‘programmed’ for the production
of this factor and that culture conditions merely release potential
in vivo transcriptional repression. Thirdly, as five of 14 tumours
and four of six normal samples evaluated ex vivo scored a positive
signal, expression of IL-6 may reflect a cycling pattern in vivo.
Fourthly, the IL-6 production by these cells in vitro is not likely to
be an artefact, as the levels are about 100-fold higher than opti-
mally stimulated monocyte/macrophage cultures [27], which are
construed as the major IL-6 source during inflammatory pro-
cesses. Fifthly, histological analysis of freshly excised parathyroid
normal and tumour tissue show clear evidence of IL-6 production
(Fig. 1) [23]. Therefore, we submit that our data provide compel-
ling evidence that parathyroid cells most likely secrete IL-6 in
vivo as well as in vitro, albeit clearly at lower levels in vivo.

Another provocative question is the potential contribution of
IL-6 to the overall immune dysfunction documented in hyperpar-
athyroidism [29]. Patients with renal failure-related hyperpar-
athyroidism have impaired humoral immunity, including reduced
B cell proliferation and antibody production [43]. Lymphocytes
have receptors for PTH [44], and it has been reported that PTH
inhibits production of IgG, IgA and IgM by cultured human B
cells, while the inactivation of PTH abolishes this inhibitory effect
[45]. The respective contributions of these various mechanisms to
immune dysfunction in patients with hyperparathyroidism need
to be investigated. For example, as IL-6 (originally identified as B
cell stimulatory factor) is well known to activate B cells, it may
mitigate the down-regulatory effect of PTH on humoral
responses in vivo. 

In conclusion, this study suggests strongly that parathyroid
cells may be an important source of IL-6 not only in vitro but also
in vivo. IL-6 production may be modulated during tumorigenesis
and the increased number of parathyroid cells during hyperplasia
or transformation may be sufficient to contribute clinically rele-
vant levels of this proinflammatory cytokine. While the physio-
logical functions of IL-6 from human parathyroids and the

regulatory mechanism(s) for IL-6 secretion by parathyroids
remain to be determined, IL-6 released directly by parathyroid
tumours may contribute to symptoms of hyperparathyroidism
and to bone loss in these patients. Because there is compelling evi-
dence for an important role of IL-6 in bone loss and other symp-
toms of patients with hyperparathyroidism, we conclude that IL-
6 production by parathyroid cells themselves may contribute
directly to the deleterious effects of these tumours.
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