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CD4+ T lymphocyte (CD 25+CD127low), was signi�cantly 
lower in patients with hypoparathyroidism with respect 
both to percentage (1.5% [1.1%-1.8%] vs 2.2% [1.7%-
2.8%]; P = .020) and absolute count (9 [6-12] vs 16 [12-
19] cells/�L; P = .006). Further, the subset of naive CD4+ 
T cell (CD25�CD127+) was signi�cantly lower in patients 
with hypoparathyroidism with respect both to percentage 
(1.7% [1.2-2.2] vs 14.2% [12.7%-15.6%]; P = .001) 
and absolute count (11 [0�26] vs 112 [96-127] cells/�L; 
P < .001). The absolute count of Treg directly correlated 
with total and ionized calcium (P = .002 and P = .028) and 
PTH (P = .017) levels but not with vitamin D levels. Naive 
CD4+ T cells also directly correlated with total and ionized 
calcium (P = .001 and P = .001) and PTH (P = .001) levels 
but inversely correlated with phosphate levels (P = .001). 
Moreover, a correlation between PTH levels and naive 
CD4+ T cells was con�rmed after correction for calcium 
levels (P = .010). However, no correlation was found be-
tween naive CD4+ T cells and vitamin D�levels.

The absolute count of total CD3�CD56+ NK cells was 
signi�cantly higher in patients with hypoparathyroidism 
than in controls (535 [433-638] vs 372 [267-478] cells/�L; 
P = .030). However, the absolute count of total NK cells in-
versely correlated with total and ionized calcium (P = .039 
and P = .047, respectively), PTH (P = 0.039), and vitamin 
D (P = .001) levels. In addition, no differences in the abso-
lute number of monocytes, T CD4+ lymphocytes, NK cells, 
Treg, and T naive lymphocytes were observed in patients 
with PTH levels below or above the lower normal value (10 
pg/mL). Moreover, no correlation was observed between 
immune alterations and disease duration.

The immune cell pro�ling results are summarized in 
Table 2 and Figs. 2 and 3.

Parathyroid Hormone Receptor 1 Analysis

The PTHr1 gene was expressed in all PBMC lineages; how-
ever, the percentage of total cells expressing PTHr1 was 
lower in patients with hypoparathyroidism than in controls 
(76.0% – 8.8% vs 91.9% – 4.5%; P < .001). The per-
centage of cells expressing PTHr1 was signi�cantly higher 
in the monocytes in patients with hypoparathyroidism 
than in controls (42.5% – 13.8% vs 32.2% – 13.3%; 
P = .020), whereas there were no signi�cant differences 
in the percentage of cells expressing PTHr1 in T lympho-
cytes or NK cells between the 2 groups. Regarding median 
�uorescence intensity index, patients with hypoparathyr-
oidism showed signi�cantly higher levels of PTHr1 gene 
expression in monocytes (13 601 – 2424 vs 11 110 – 5540; 
P = .014), T lymphocytes (7594 – 884 vs 5400 – 2504; 
P < .001), CD8+CD4+ T lymphocytes (7278 – 1459 vs 
5973 – 3488; P = .023), CD4+ T lymphocytes (8784 – 2375 

vs 6276 – 4351; P = .003), total NK cells (9368 – 3855 vs 
6756 – 3010; P = .027), and CD56dim NK cells (8358 – 5780 
vs 5321 – 1609; P = .015) but not in CD8+ T lymphocytes 
(6939 – 1509 vs 6627 – 3042; P = .162), CD16high NK cells 
(10 348 – 6468 vs 8414 – 2509; P = .673), and CD56bright 
NK cells (13 199 – 12 288 vs 12 145 – 10 140; P = .825). 
The results of PTHr1 gene expression analysis in PBMCs 
are summarized in Table 3.

Immuno�uorescence Analysis

Immuno�uorescence staining for surface PTHr1 in PBMCs 
con�rmed PTHr1 expression on the membrane of all the 
observed immune lineages and in 100% of the analyzed 
cells. Qualitative analysis of membrane localization showed 
that PTHr1 was expressed on the surface of the membrane 
and was also present in the cytosol both in patients with 
hypoparathyroidism and controls (Fig. 4A and 4B).

Calcium-Related Gene Expression Analysis

Patients with hypoparathyroidism had lower TNF� 
(P = .044) and GM-CSF (P = .034) expression levels than 
controls. The expression levels of TNF and GM-CSF posi-
tively correlated with total calcium levels (P = .030 and 
P = .018, respectively), ionized calcium levels (P = .023 
and P = .018, respectively), and PTH levels (P = .003 and 
P = .003, respectively) and inversely correlated with serum 
phosphorus levels (P = .009 and P = .048, respectively). The 
decrease in TNF� levels was also con�rmed in the serum of 
patients with hypoparathyroidism compared with that of 
healthy controls (P = .020).

The relative expression levels of other calcium 
metabolism-correlated genes, namely CALM2, NFATC2, 
CAMK2B, NFKB1, CAMK2G, ORAI1, PGK1, CAMK4, 
ORAI2, ORAI3, IFNG, PPP3CA, IL2, STIM1, ITPR1, 
STIM2, and RT, did not signi�cantly differ between the 2 
groups.

Evaluation of Infectious Diseases

For enrollment in this study, patients should have been free 
of any symptomatic infectious diseases for 2�months prior 
to study enrollment. The predisposition to infections was 
evaluated for 12�months before study enrollment using a 
validated questionnaire. Patients with hypoparathyroidism 
had a signi�cantly higher prevalence of urinary tract infec-
tions in the previous 12�months than controls (P = .011), 
with an odds ratio of 7.5 (95% CI, 1.3-42.8; P = .023). In 
addition, these patients reported a longer duration of upper 
respiratory tract infections, with 18.8% of them reporting 
upper respiratory tract infections lasting more than 2 weeks; 
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in contrast, controls reported upper respiratory tract infec-
tions that lasted less than 2 weeks (P = .029). The 1-year 
self-reported incidences of upper- and lower respiratory 

tract infections, cutaneous and mucosal bacterial or viral 
infections, mycosis, gastrointestinal infections, sexually 
transmitted diseases, and �u or �u-like syndromes as well 
as the prescription of antiviral, antibiotic, or antimycotic 
treatments for the reported infections did not differ be-
tween the 2 study groups.

Discussion
PTH appears to in�uence the immune system at several 
levels. High PTH levels correlate with chronic in�ammation 
in patients with hyperparathyroidism (23, 24) as well as in 
healthy (25) and obese individuals (26). Patients with CKD 
and secondary hyperparathyroidism are at an increased risk 
of infection. In fact, several studies have observed a cor-
relation between PTH levels and decreased T-lymphocyte 
proliferation, and patients undergoing parathyroidectomy 
have shown an improvement in T-lymphocyte prolifer-
ation (27), although ex vivo studies have failed to provide 
a direct causal link (28).

These data suggest the negative effect of continuously 
high PTH levels on the immune system. However, data on 
immunity in patients with inappropriately low PTH are 
lacking. Recently, large-cohort analyses have shown an in-
creased risk of infectious diseases in patients with chronic 
hypoparathyroidism (10, 29). In a Danish cohort, patients 
with postsurgical (8) and nonpostsurgical (30) hypopara-
thyroidism were at an increased risk of hospitalization due 
to infectious diseases.

We also found an increased frequency and severity of 
urinary tract infections and a longer duration of upper 
respiratory tract infections in patients with hypopara-
thyroidism than in controls. Despite the limitations of the 
retrospective self-reported data of our study, our results are 
in accordance with those reported in the published litera-
ture (8, 30).

Groups were well matched for age and sex but, as ex-
pected, differed in biochemical parameters of calcium-
phosphate metabolism and some bone turnover markers: 
the lower levels of osteocalcin and CTX are coherent with 
the reduction in bone turnover typically observed in patients 
with hypoparathyroidism (31), con�rmed by the trend in 
BALP, even if it did not reach statistically signi�cance.

Besides the increased infections reported, patients with 
hypoparathyroidism showed a signi�cantly decreased 
number of circulating monocytes compared with healthy 
controls, with similar percentages of classic in�ammatory 
and nonclassic monocytes. On the contrary, the percentage 
of intermediate CD14+CD16+ monocytes increased in pa-
tients with hypoparathyroidism. Intermediate monocytes 
are the main population responsible for T-lymphocyte 

Table 2.  Immune cell assessment

Hypoparathy-

roidism

Controls Pd

No. 20 20  

Immune cells

  Total monocytesa 181 (125-236) 390 (334-448) < .001e

  CD14++ CD16�, classical 

(%)b

86.4 (84.6-88.2) 87.2 (85.4-89.0) .438

  CD14+ CD16+,  

intermediate (%)b

11.7 (8.8-14.6) 8.4 (6.9-9.9) .040e

  CD14+CD16++, 

nonclassical (%)b

1.5 (1.1-2.0) 2.0 (1.4-2.6) .163

  T lymphocytes (cells/�L)a 1228 (1010-

1448)

1247 (1022-1473) .905 

  CD8+CD4+ T 

lymphocytes (cells/�L)a

20 (11-29) 29 (20-37) .176 

  CD8+ T lymphocytes 

(cells/�L)a

435 (279-480) 379 (337-533) .428 

  CD4+ T lymphocytes 

(cells/�L)a

632 (522-742) 796 (696-906) .040e

  Treg lymphocytes (%)b 1.5 (1.1-1.8) 2.2 (1.7-2.8) .020e

  Naive CD4+ T cells (%)b 1.7 (1.2-2.2) 14.2 (12.7-15.6) .001e

  NK (CD3�CD56+) 

(cells/�L)a

535 (433-638) 372 (267-478) .030e 

  NK CD16high (%)b 92.4 (89.3-95.6) 93.3 (90.7-95.8) .749

  NK CD56bright (%)b 7.6 (6.0-9.1) 8.0 (7.1-9.0) .261

  NK CD56dim (%)b 91.5 (89.8-93.3) 90.6 (89.3-91.8) .148

  B lymphocytes (cells/�L)a 189 (150-229) 204 (166-243) .590 

Infections    

  Total scoreb 9.7 (8.3-11.1) 8.7 (7.9-9.7) .195

  Upper respiratory tract 

infectionsc

1.9 (1.5-2.3)/16 1.9 (1.6-2.3)/15 .949

  Lower respiratory tract 

infectionsc

0.8 (0.5-1.1)/4 0.7 (0.6-0.8)/3 .608

  Gastrointestinal infectionsc 1.4 (0.9-1.8)/10 1 (0.8-1.3)/7 .238

  HPV, VZV, or HSV 

infections/recurrencec

1 (0.5-1.4)/5 0.9 (0.6-1.1)/4 .705

  Cutaneous bacterial 

infectionc

0.8 (0.4-1.2)/3 1 (0.8-1.3)/6 .177

  Mycosisc 0.6 (0.4-0.7)/1 0.7 (0.5-0.8)/2 .463

  Urinary tract infectionsc 1 (0.5-1.4)/5 0.6 (0.5-0.7)/1 .011e

  Flu or �u-like symptomsc 1.7 (1.1-2.1)/12 1.5 (1.2-1.8)/11 .474

Abbreviations: HPV, human papillomavirus; HSV, herpes simplex virus; NK, 
natural killer; Treg, regulatory�T; VZV, varicella-zoster virus.
aData are expressed as estimated means (95% CI). Covariates in the analysis 
of covariance model: age and body mass index.
bData are expressed as means (95% CI).
cData are expressed as the number of events in 12�months; mean (CI)/number 
of patients with at least one event. P�value indicates the differences between 
the mean frequency scores of the questionnaire.
dFor immune cells, P�values of comparisons between absolute numbers of cells 
(cells/�L) in patients and controls are Bonferroni-adjusted.
eStatistically signi�cant difference between the groups.
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activation and thereby exhibit high CD40, CD54, and 
major histocompatibility complex class� II levels (32). 
Interestingly, increased intermediate monocyte count is as-
sociated with CKD and cardiovascular events in patients 
undergoing dialysis (33, 34).

In our study, monocyte count positively correlated 
with calcium and PTH levels and inversely correlated with 
phosphorus levels, supporting the hypothesis of the direct 
action of PTH on monocytes. The mechanism leading to 
decreased monocyte count, with mean values nearly half of 
those observed in controls, requires further investigation; 
however, it is easy to speculate that a decreased number of 
circulating monocytes could lead to decreased ef�ciency of 
�rst-line host defense.

Conversely, the absolute count of CD3�CD56+ NK cells 
was signi�cantly increased in patients with hypoparathyr-
oidism, consistent with the inverse correlation between 
NK cell count and calcium and PTH levels. Retrospective 
studies have reported the decreased risk of gastrointestinal 
cancer in patients with hypoparathyroidism (8, 30) than in 
controls. Given the pivotal role of NK cells in cancer sur-
veillance, one could speculate that such an increase in total 
and cytotoxic NK populations could protect the individual 
against malignancies.

Previous in vitro studies have proposed the stimulatory 
effects of PTH on lymphocytes at physiological concen-
trations (35, 36). In our study, in patients with hypopara-
thyroidism, CD4+ T-lymphocyte count was signi�cantly 
decreased compared with that in healthy controls, whereas 
other lymphocytes subsets were not different from controls. 
Increasing evidence has indicated that monocytes play a 
signi�cant role in shaping T-helper response and vice versa. 

In fact, monocytes can polarize CD4+ lymphocyte differen-
tiation (37). Further, Treg have been proven to expand under 
intermittent PTH therapy (38), thereby mediating the bone 
anabolic effect of teriparatide. The results from our study 
appear to con�rm the proliferative effect of PTH on this 
subset because Treg cells were signi�cantly lower in patients 
with hypoparathyroidism than in controls. Naive T cells are 
responsible for eliciting immune responses toward newly 
encountered antigens (39). Reduced naive CD4+ T-cell 
counts have been proposed as a marker of chronic immune 
activation and correlate with cardiovascular disease and 
atherosclerosis (40). Reduced naive CD4+ T cell and Treg 
count in patients with hypoparathyroidism compared with 
healthy controls could correlate with the increased suscep-
tibility to infections due to �rst-line defense failure, leading 
to constant mild immune challenges.

We performed a full set of ex vivo molecular and 
immunohistochemical studies on immune cells to thor-
oughly assess the immune function of patients with hypo-
parathyroidism and controls. Expression analysis of the 
target genes of calcium-related pathways revealed a sig-
ni�cant decrease in the expression levels of TNF� and 
GM-CSF. The latter promotes myeloid cell development, 
maturation, and survival and is increased in several in-
�ammatory conditions and cancer. GM-CSF also favors 
the differentiation of monocyte precursors into periph-
eral macrophages, and its secretion by resident cells plays 
an important role against infections (eg, increasing pul-
monary clearance) (41). Defective GM-CSF pathways, ei-
ther because of neutralizing autoantibodies or mutations 
in GM-CSF receptors, are responsible for autoimmune al-
veolar proteinosis, a severe respiratory disease (42).
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Figure 2.  Scatter dot plots of monocytes (count) and subsets (percentage) in healthy controls and patients with hypoparathyroidism.
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Monocytes exert direct antiviral effects by secreting 
TNF� (43), suggesting that a relative reduction in TNF syn-
thesis compared with housekeeping genes could result in 
reduced defense against infectious diseases and the expres-
sion of underlying monocyte dysfunction, lack of progres-
sion to more differentiated and ef�cient subsets, or blunt 
activation and response to external stimuli.

We evaluated the expression level of PTHr1 in the 
immune cells of healthy controls and patients with 

hypoparathyroidism to thoroughly assess the effect of PTH 
in immune cells. PTHr1 has mainly been demonstrated on 
T lymphocytes in animal models (44-46). In humans, only 
one previous study by Seeliger et�al indirectly demonstrated 
the presence of PTH receptor 2 on monocytes, lympho-
cytes, and granulocytes isolated from the peripheral blood 
of patients with hyperparathyroidism and controls (13).

We analyzed PTH receptor transcripts using the 
PrimeFlow RNA assay to avoid confounding factors, such 
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Figure 3.  Scatter dot plots of T lymphocytes (count) and subsets (count) and natural killer (NK) cells (count) and subsets (percentage) in healthy 
controls and patients with hypoparathyroidism.
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as different immune pro�les or cell redistribution. All 
PBMC lineages expressed PTHr1. A� signi�cantly higher 
number of monocytes expressed PTHr1 in patients with 
hypoparathyroidism than in controls. This �nding suggests 
the paracrine effect of PTH on PTHr1 expression by im-
mune cells, with a subset-speci�c sensitivity that sustains 
the observed change in the immune pro�le.

Fluorescence index analysis was performed to evaluate 
the relative intensity of PTH receptor expression. There 
was signi�cantly increased PThr1 expression in most im-
mune subsets in patients with hypoparathyroidism. This 
could be to compensate for low serum PTH levels. An 
inverse phenomenon has been reported in patients with 
secondary hyperparathyroidism, whereby PTH receptor 
2 expression was lower compared with healthy controls, 
probably due to downregulation (13). Our immuno�uores-
cence analysis con�rmed the surface expression of PTHr1 
on all PBMC immune lineages in patients with hypopara-
thyroidism and controls. Permeabilization assays also de-
tected PTHr1 in the cytosol. Membrane localization of the 

PTH receptor has been previously described (47), although 
most studies have focused on PTHr1 expression in the kid-
neys. Our results in immune cells suggest the speci�c role 
of PTH signaling in immune crosstalk. However, further 
studies are warranted to unveil these mechanisms.

Our study has some limitations. First, the sample size 
is small; nevertheless, the cohort was homogeneous, and 
each patient underwent extensive analyses that would 
not have been performed in a much larger cohort; fur-
thermore, hypoparathyroidism is a rare disease. Second, 
the cross-sectional nature of our study does not fully 
support insights into the mechanisms underlying the ob-
served alterations. In fact, we cannot exclude a role of ac-
tive vitamin D metabolite therapy in the immune system, 
even if the known effects of calcitriol on immune cells 
seem to be different from what we observed in our pa-
tients (48). Third, given the relatively small sample size 
and the self-reporting nature of our results on infectious 
diseases, several biases could interfere with this aspect, 
despite these limitations applying to controls as well. 
Furthermore, the data from questionnaires allow the 
collection of mild infectious diseases that would escape 
analyses based on hospitalization. Moreover, the con-
cordance of our results with data from previous studies 
provides some reassurance on the reliability of the used 
methods. Lastly, our patients were mostly on target 
for biochemistry levels with conventional replacement 
therapy, possibly masking the more pronounced effects 
of hypocalcemia and hyperphosphatemia on the immune 
system. On the other hand, our study highlights the pres-
ence of immune system alterations in patients considered 
well compensated according to the available guidelines 
(14), as well as in those with postsurgical hypoparathyr-
oidism, which is not burdened by possible confounding 
factors, as other kinds of hypoparathyroidism (eg, auto-
immune hypoparathyroidism and DiGeorge syndrome). 
Considering the role of PTH in immunity, it is possible 
that more physiological replacement therapies, such as 
PTH 1-34 and 1-84 therapies, could improve immune 
function in these patients. Nevertheless, more prospective 
studies are warranted to con�rm this hypothesis.

In conclusion, the endocrine and immune systems are 
tightly connected, and many endocrine diseases have an im-
munological �ngerprint. Patients with hypoparathyroidism 
are at an increased risk of infections, and to our knowledge, 
this is the �rst study to describe the immunological features 
of patients with postsurgical hypoparathyroidism and to 
evaluate the expression of PTH receptors on immune cells 
in patients and controls.

Patients with hypoparathyroidism exhibited a sig-
ni�cant decrease in monocyte and CD4+ T-lymphocyte 
counts, with reduced TNF� and GM-CSF expression, 

Table 3.  Gene expression analysis of parathyroid hormone 
receptor in peripheral blood mononuclear cells

Hypoparathyroidism Controls P

No. 20 20  
Cells expressing PTHR1, %
Total PBMCs 75.6 – 8.8 91.9 – 4.5 < .001a

T lymphocytes 54.8 – 18.1 41.6 – 20.8 .079
Monocytes 42.5 – 13.8 32.1 – 13.3 .020a

Total NK cells 49.6 – 18.0 39.9 – 16.4 .083
Median �uorescence intensity index
Total T 

lymphocytes
7594 – 884 5400 – 2504 < .001a

CD8+CD4+ T 
lymphocytes

7278 – 1459 5973 – 3488 .023a

CD4+ T 
lymphocytes

8784 – 2375 6276 – 4351 .003a

CD8+ T 
lymphocytes

6939 – 1509 6627 – 3042 .162

Total 
monocytes

13 601 – 2424 11 110 – 5540 .014a

Total NK cells 9368 – 3855 6756 – 3010 .027a

CD16high NK 
cells

10 348 – 6468 8414 – 2509 .673

CD56bright NK 
cells

13 199 – 12288 12 145 – 10140 .825

CD56dim NK 
cells

8358 – 5780 5321 – 1609 .015a

Data are expressed as percentage of cells expressing the parathyroid hormone 
receptor 1 gene.
Data are expressed as mean – SD.
Abbreviations: NK, natural killer; PBMCs, peripheral blood mononuclear 
cells; PTHR1, parathyroid hormone receptor�1.
aStatistically signi�cant difference between the groups.
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possibly accounting for increased susceptibility to infec-
tions. Moreover, naive CD4+ T cells and Treg counts were de-
creased in patients with hypoparathyroidism. Patients and 
controls expressed PTHr1 in all immune lineages; however, 

the percentage of PBMCs expressing PTHr1 was lower in 
patients with hypoparathyroidism than in controls. On the 
other hand, the relative expression of PTHr1 was higher in 
monocytes, total T lymphocytes, T�helper and CD8+CD4+ 

CD3

PTHr1

Hoechst

MERGE

CD3Hoechst

MERGEPTHr1

A

B

Figure 4.  Immuno�uorescence staining of parathyroid hormone receptor 1 (PTHr1; green) and CD3 (red) expression in peripheral blood mono-
nuclear cells isolated from A, healthy controls, and B, patients with hypoparathyroidism. Hoechst (blue) was used for staining the nuclei. Images were 
acquired using a Nikon Eclipse Ti-S inverted microscope equipped with a Photometrics CoolSNAP EZ Turbo 1394 digital camera using MetaMorph 
software (Molecular Devices). Fiji software was used for image processing.
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