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SIGNIFICANCE
Calciphylaxis is a rare, calcifying, occlusive vessel disease 
with different aetiopathological origins and high morta-
lity. Previous histological studies have shown upregula-
tion of bone-morphogenic proteins, bone matrix prote-
ins, and dysbalance of calcification inhibitors. This study 
confirmed the upregulation of osteogenic markers, inclu-
ding the first evidence of upregulation of bone-morpho-
genic-protein 7, in calciphylaxis. Renal function, se-
quential comorbidities, phosphate handling and high  
expression of bone-morphogenic protein-7 were identified 
as predictors of clinical outcome. However, the histo logical 
appearance did not differ between patients with different 
comorbidities. Therefore, disease evolution may have dif-
ferent pathophysiological drivers with a common patho-
physiological endpoint. This underlines the need for indivi-
dualization of multimodal treatment in calciphylaxis.

Common Histological Features Suggesting Enchondral Ossification 
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Calciphylaxis is a rare, yet underdiagnosed condition 
causing high mortality in patients with severe renal 
and cardiovascular disease. Since knowledge of the 
patho physiology of calciphylaxis is limited, a differen-
tial analysis of histological alterations in patient sub-
groups with various comorbidities might expose dif-
ferent disease phenotypes and allow deeper insights 
into the pathophysiology of the condition. Histolo-
gical markers of osteogenesis and calcification were 
investigated in a group of 18 patients with clinically 
and histologically verified calciphylaxis, using im-
munohistochemical staining. Analysis of staining in-
tensity and distribution of marker proteins in histo-
logical structures was performed to evaluate distinct 
patterns between subgroups with different clinical 
comorbidities in comparison with a control group. In 
all cases, immunohistochemical staining for bone ma-
trix proteins, bone-morphogenic proteins and matrix-
Gla proteins co-localized with subcutaneous vascular 
and interstitial calcifications. Significant expression 
of bone-morphogenic protein-7 and active matrix-
Gla protein was observed. Mortality was associated 
with renal comorbidities and increased expression of 
bone-morphogenic protein-7. However, no distinct 
histological patterns were found between subgroups 
with renal disease, warfarin intake or coexisting mi-
cro- and macro-angiopathies. The upregulation of 
osteogenic markers (including bone-morphogenic 
protein-7) plays a major role in the development of 
calciphylaxis. Clinical outcome correlates with kidney 
function and phosphate handling, suggesting diffe-
rent pathophysiological mechanisms. However, biopsy  
at late-stage disease shows a common histological 
phenotype, involving enchondral ossification.
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Calciphylaxis is a rare calcifying skin disease invol
ving local as well as systemic dysregulation of 

calcium and phosphate homeostasis. Pathological cal
cium depositions are found within the vascular wall of 
subcutaneous arterioles and surrounding interstitium, 
leading to soft tissue ulcerations by vessel occlusion 
and thrombosis (1). Diagnostic delay arises from undif
ferentiated symptoms, including pain, myopathy and skin 
mottling in early disease stages (2). 

The incidence of calciphylaxis in patients on dialysis 
was reported at below 0.01% over a 4year period, as 
derived from the EVOLVE trial data by Floege et al. (3), 
and is even rarer in patients with preserved renal function. 
Cardiovascular comorbidities, such as obesity, diabetes, 
occlusive coronary or peripheral artery disease, as well 
as dysregulation of calciumphosphate homeostasis, 
have been described as risk factors for disease develop
ment in retrospective cohort studies on chronic kidney 
disease (CKD) and dialysis registries (4, 5). Notably, in 
patients without renal impairment, these comorbidities 
demonstrate a particular aetiopathological association. In 
a report of 3 cases of nonuraemic calciphylaxis, primary 
hyperparathyroidism, chronic inflammatory diseases, 
high calciumphosphate product and use of vitaminK 
antagonists (VKA) were noticed (6). A risk relationship 
between VKA use and calciphylaxis was established 
by casecontrol studies of haemodialysis patients (7, 
8), and Floege et al. (3) reported the use of VKA in ap
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proximately 45% of patients with calciphylaxis in the 
EVOLVE trial.

Concerning the pathophysiology of calciphylaxis, 
previous research has yielded 2 possible mechanisms, 
involving either precipitation of serum calcium 
phosphate or de novo local production of bonelike ma
trix. Regard ing increased precipitation of calcium and 
phosphate, the role of fetuinA and matrixGla proteins 
(MGP) have been studied as systemic and local inhibi
tors of calcification, respectively. Fetuin-A is found in 
the blood, and acts as a calcium scavenger by forming 
complex multimers, socalled calciprotein particles (9), 
whereas MGP mainly elicit inhibitory effects on tissue 
calcification in response to vitamin-K dependent post-
translational modification (as reviewed in (10, 11)). 
However, it is unclear whether patients treat ed with 
VKA exhibit distinct histological or molecular features 
compared with untreated patients.

In recent decades, scientific interest has refocused on 
the role of active bone formation in vascular calcification, 
which was recognized as early as in the first half of the 
20th century (12). In vitro investigations offered evidence 
for transdifferentiation of vascular smooth muscle cells 
(VSMC) into osteoblastlike cells via activation of 
Runx2 (also known as core-binding factor α-1) triggered 
by high phosphate exposure, inflammatory stress and 
loss of calcification inhibitors (13, 14). The expression 
of bone matrix proteins and ossification markers, such 
as osteopontin and members of the bonemorphogenic 
protein (BMP) family, was shown in human skin biopsies 
of patients with calciphylaxis (15, 16). BMPs activate 
downstream Smadeffector proteins and Runx2, facili
tating the phenotypic plasticity of VSMCs (17). Further
more, spectrometric analysis of human biopsy material 
identified carbonate apatite as the main component of 
calcifications in several calcifying skin disorders (18), 
and bone scintigraphy studies detected tracer uptake in 
calciphylaxis lesions (19). Therefore, involvement of 
active bone metabolism in the development of calci
phylaxis has been implicated by experimental as well 
as clinical studies. However, it is not known whether 
histomorphological differences or a temporal sequence 
of effector protein expression is associated with different 
comorbidities.

In summary, our current understanding of the patho
physiological mechanisms involved in the development 
of calciphylaxis and other calcifying skin disorders is 
limited. The aim of the current study was to analyse the 
expression of molecular markers of bone matrix forma
tion and osteoblast differentiation in a retrospective 
collection of patient tissue samples. Further analysis of 
a thoroughly documented medical history with regard 
to the various origins of calciphylaxis was carried out. 
The results contribute to a better understanding of the 
pathophysiology of calciphylaxis, possibly involving 
enchondral ossification. 

MATERIALS AND METHODS

Study cohort

Archival tissue biopsies were identified in a search of the local 
database, at the Department of Pathology, University Hospital 
Salzburg, Austria. Human cutaneous biopsies of 18 patients with 
histologically and clinically proven calciphylaxis were collected 
for immunohistochemical (IHC) staining. Furthermore, 22 sub
cutaneous biopsies were obtained from patients without calciphy
laxis, who were undergoing hip surgery, to serve as a control group. 

The use of archival biopsy material for retrospective analysis, 
as well as the collection of subcutaneous tissue material during 
hip surgery, was approved by the Institutional Review and Ethics 
Board, County of Salzburg before performing the experiments  
(Study ID 415EP315).

Detailed medical history, and data on renal function and comor
bidities were present in all 18 cases of calciphylaxis. 

Histology and staining techniques

After biopsy, tissues were routinely prepared, fixed in 4% neutral 
buffered formalin, embedded in paraffin and cut to 3-µm thickness. 
Standard haematoxylineosin and Von Kossa staining were perfor
med. Immunoperoxidase staining for antibodies against various 
bone and calcification markers was performed on an automated 
DAKO autostainer platform (Agilent Technologies, Santa Clara, 
CA, USA) with standard staining protocols for all markers. A list 
of all markers, company information and catalogue numbers are 
given in Appendix S1.

Microscopic scoring and measurements

Light microscopic assessment was performed by using a standardi
zed protocol and documentation form to ensure equal classification 
of all slides (provided in the Appendix S1). The procedure was 
repeated by an independent, experienced pathologist blinded to 
the case/control status. According to the standardized protocol, 
histological slides were subdivided into regions of interest (calci
fications, endothelium, vascular layers, interstitium, macrophages, 
adipose and connective tissue). Staining intensity was semiquanti
tatively expressed on a scale of 0 to 3 (0: “no staining/negative” 
to 3: “very strong staining”) for each region.

Statistical analysis

For basic statistical analysis and data processing Microsoft Excel 
2016 (Microsoft, Redmond, WA, USA) and Graphpad Prism 9 
(Graphpad, Sandiego, CA, USA) were used. Data were expressed 
as mean ± standard deviation (SD). For pvalue analysis between 2 
groups a Mann–Whitney U test was performed and between mul
tiple groups a Kruskal–Wallis test with Dunn’s posthoc test was 
performed. Kaplan–Meier curves with logrank test and univariate 
Cox regression model were used for mortality analysis. Statistical 
significance was accepted for p < 0.05.

RESULTS

Study cohort

As shown in Table I, there was a 1:1 male to female 
ratio with a median age of 63 years and 1year survival 
rate of 50%. In total, 10/18 of patients were on dialysis, 
4/18 were in predialysis care, including 2 patients with a 
renal post transplant status, and 4/18 had preserved renal 
function. Among those with preserved renal function, 
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4/4 were on VKA, 3/4 had diabetes as well as occlusive 
peripheral artery disease (PAD), and there was 1 case of 
primary hyperparathyroidism (Table II). 

In contrast, among patients on dialysis or severely 
impaired kidney function, the proportion with diabetes, 
PAD and VKA treatment did not exceed 50% (Table II). 
Arterial hypertension (AHT) and secondary hyperpara
thyroidism (HPT) were the most frequent comorbidities. 

Immunohistochemistry

The comparison of mean staining intensities of each 
histological marker between the calciphylaxis and con
trol groups showed statistically significant increases in 

bonemorphogenic protein 7 (BMP7), active matrix
Gla protein (GlaMGP), inactive matrixGla protein 
(GluMGP), Indianhedgehog (IHH), as shown in Fig. 
1. Staining for BMP7 and GlaMGP both colocalized 
with calcified regions, the vascular wall, surrounding 
interstitial space and macrophages (Fig. 2). 

When comparing local differences in staining intensi
ties, a strong colocalization of fetuinA, IHH, osteopon
tin and osteocalcin to calcified regions was found (Fig. 3). 
For osteoprotegerin much weaker staining was identified 
within calcifications. BMP-7, Gla-MGP and Glu-MGP 
strongly co-localized with calcifications. BMP-7 was 
also found in the surrounding tissues (Fig. 2).

Staining malfunction occurred for BMP2, BMP4, 
Col2α1, Runx2, Sox9 and β-catenin (data not shown). 
Therefore, these markers were not included in the final 
analysis.

Table I. Patient characteristics and respective patient numbers

Characteristics Calciphylaxis group (N = 18)

Female, n/N 9/18
Male, n/N 9/18
Median age, years 63 
eGFR > 30 mL/min, n/N 4/18
CKD G4-5 without dialysis, n/N 4/18 (2x kidney transplant)
CKD G5 dialysis, n/N 10/18 
Diabetes mellitus, n/N 8/18
Vitamin-K antagonist, n/N 9/18
Peripheral artery disease, n/N 8/18
Hyperparathyroidism, n/N 12/18 (1 primary)
Arterial hypertension, n/N 17/18
1-year survival rate, % 50

eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease.

Table II. Different combinations of comorbidities and renal 
function with respective patient numbers

eGFR 
> 30 ml/min
(n = 4/18)

CKD G4-5 
without dialysis
(n = 4/18)

CKD G5 dialysis
(n = 10/18)

Vitamin-K antagonist 4/4 2/4 3/10
Diabetes mellitus 3/4 0/4 5/10
Hyperparathyroidism 1/4 (Primary) 2/4 9/10
Peripheral artery disease 3/4 0/4 5/10
Arterial hypertension 3/4 4/4 10/10

eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease.

Fig. 1. Data comparison of staining intensities between 
the calciphylaxis and control group for bone-morphogenic 
protein-7 (BMP-7), active matrix-Gla protein (Gla-MGP), 
inactive matrix-Gla protein (Glu-MGP), Indian-hedgehog 
(IHH), fetuin-A, osteocalcin (OC) and osteoprotegerin 
(OPG) with box plots. Mann–Whitney U test; statistical 
significance (*p < 0.05) and (**p < 0.01).
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Fig. 2. Von Kossa and immunohistochemical (IHC) staining of different osteogenic 
markers in biopsies from patients with calciphylaxis, (10x magnification for VonKossa, 
fetuin-a, tenascin-c and 40x magnification for osteopontin, osteoprotegerin, osteocalcin 
and indian-hedgehog [IHH]). Von Kossa staining depicting typical calcification of subcutaneous 
arterioles marked “A”, a cutaneous nerve marked “N” and surrounding adipose tissue marked 
“F”. IHC staining of fetuin-A, osteopontin and osteocalcin revealing strong co-localizations with 
calcified arterioles marked “A”. IHC staining of osteoprotegerin did not co-localize with vascular 
calcifications marked with arrow, weak expression was detected within the vascular wall. IHC 
staining of tenascin C was positive in the surrounding tissue only. IHC staining of IHH co-localizes 
with calcifications marked “A” and reveals IHH-positive cells (arrow) in the subcutaneous connective 
tissue of patients with calciphylaxis.

Fig. 3. Differential staining intensities for bone-morphogenic protein-7 (BMP-7), active matrix-Gla protein (Gla-MGP) and inactive 
matrix-Gla protein (Glu-MGP) in biopsies from patients with calciphylaxis compared with controls. Arrows mark intravascular calcifications. 
BMP-7-positive cells can be seen in the surrounding tissue marked “T”. Intraluminal thrombosis can be seen in the vascular cross section of BMP-7 and 
Glu-MGP stains. 40x magnification.
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Mortality analysis and renal function
A statistically significant survival benefit in patients with 
preserved renal function was evident on Kaplan–Meier 
curve analysis (Fig. 4). Comparison of staining intensity 
and renal function showed a trend towards higher BMP7 
expression among patients with reduced renal function, 
which translated into a riskcorrelation between BMP7 
expression and mortality (Fig. 4, Table III). 

Subgroup analysis
For further comparison, the calciphylaxis group was 
subdivided according to dialysis status, the presence 
of diabetes, occlusive peripheral artery disease, hyper
parathyroidism, and anticoagulation with VKA. How
ever, subgroup analysis did not reveal differences in 
staining intensity or marker distribution (Fig. 5). There
fore, no distinct histological patterns could be identified 
for any risk factor.

DISCUSSION

The pathophysiology of calciphylaxis has been studied 
extensively, but is not fully understood. The current study 

characterized histopathological changes in a collection 
of human tissue samples with proven calciphylaxis and 
thoroughly documented medical history. Median age at 
the time of diagnosis was 63 years, with approximately 
80% of patients having severe kidney disease (CKD 
G4–5). Thus, 70% of these patients were on dialysis, 
35% on VKA, 35% had diabetes, 35% had atherosclerotic 
diseases, and 85% had a manifestation of secondary HPT. 
On the other hand, in patients with preserved kidney 
function (CKD G1–3) 100% were on VKA, 75% were 
diabetic, 75% had atherosclerotic disease, and there was 
1 case of primary hyperparathyroidism. Mean survival 
time after the diagnosis was approximately 1.7 years in 
the current cohort, with 50% of patients surviving less 
than 1 year upon manifestation of calciphylaxis. 

These findings are in agreement with previous larger 
scale cohort analysis describing the predominant impact 
of uraemia and phosphate retention on the development 
of calciphylaxis and its high mortality (3, 4). Preserved 
kidney function was linked to markedly increased sur
vival time in the current study, and might therefore be 
a prognostic factor. Nevertheless, early recognition and 
multidisciplinary treatment can decrease mortality even 
in patients with severe comorbidities (20).

Concerning the pathophysiology of calciphylaxis, 
previous histological and molecular studies revea
led a potential role of local de novo production of  
bonelike matrix caused by transdifferentiation of VSMC 
into osteoblastlike cells via Runx2 activation (21). 
Upregulated gene expression of BMP2 and BMP4 act 
as main inducers of an osteogenic milieu including de
position of bone matrix proteins and ECM remodelling  
(22, 23). In the current study, staining for BMP2, BMP
4 and Runx2 was not reproducible, due to malfunction 
of the antibodies. However as a new finding, the cur
rent study revealed strong expression of BMP 7 within 

Fig. 4. Kaplan–Meier curves show significantly better 3-year survival in patients with calciphylaxis and eGFR >30 ml/min compared to 
eGFR <30 ml/min as well as in patients with BMP-7 expression < 2 compared to BMP-7 expression >2 (log-rank test p < 0.01). A trend 
towards higher expression of bone-morphogenic protein-7 (BMP-7) in patients with calciphylaxis and reduced renal function is depicted as a bar graph 
with mean±standard deviation (SD) staining intensities. Kruskal–Wallis test; (*) indicates statistical significance (p < 0.05) compared with all other groups.

Table III. Analysis of mortality risk and histological markers using 
univariate Cox regression model

Marker HR (95% CI) z-value p-value LLR (p-value)

Fetuin-A 0.83 0.20 0.84 0.85
Gla-MGP 1.82 0.14 0.89 0.89
Glu-MGP 0.33 0.96 0.34 0.36
FOS-MGP 0.56 0.73 0.47 0.45
OC 2.83 0.70 0.49 0.49
OPG 1.65 0.79 0.43 0.46
IHH 0.85 0.18 0.86 0.86
BMP-7 6.77 2.09 0.03* 0.02*
3-15-MGP 4.44 1.18 0.24 0.25

95% CI: 95% confidence interval. [AQ7]
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calcifications and vascular layers. Current knowledge 
of the role of BMP-7 in vascular calcification is limited. 
In experimental studies using a murine model of severe 
CKD and vascular calcification, infusion of synthetic 
BMP7 has been shown to elicit inhibitory effects on 
calcification (23) and to protect against atherosclerosis 
(24). Furthermore, BMP7 plays an important role in 
kidney development and has been shown to inhibit renal 
fibrosis in kidney disease (25, 26). BMP-7 elicits its ef
fects by counteracting signalling pathways of osteogenic 
transdifferentiation of VSMC and transforming growth 
factor beta (TGF-β)-pathway (27). To our knowledge, 
this is the first study to show the presence of BMP-7 in 
calcified areas of subcutaneous biopsies from patients 
with calciphylaxis. Given its pleiotropic biological ac
tivities, functional analysis of BMP7 in the context of 
vascular calcification will be important in future follow-
up studies. 

In line with these findings, we identified co-expression 
of calcification inhibitors, Gla-MGP and fetuin-A, in 

calcified lesions. Gla-MGP was 
also present within the vascular 
wall and surrounding tissues. 
How ever, the current study did 
not detect osteoprotegerin expres
sion in calcifications and found 
only low staining activity in the 
surrounding tissue. Osteoprotege
rin has been linked to protective 
properties against VKAinduced 
vascular calcification (28), but 
high serum levels correlate with 
overall increased calcification 
risk (29). Previous studies pro
vided evidence of synergistic 
effects of vitamin K dependent 
matrixGla protein, fetuinA and  
osteoprotegerin as calcification 
inhibitors in calciphylaxis (30) and 
CKD (31, 32). This suggests that 
osteoprotegerin might be suitable 
as a biomarker of calcification, but 
that local expression does not play 
a critical role in the calcification 
process.

Furthermore, the current study 
showed a strong colocalization of 
bonematrix proteins, osteocalcin 
and osteopontin, within calcified 
areas, in agreement with previous 
data on upregulated expression 
of these markers (22, 33). The 
finding of bonematrix proteins 
further underlines the role of active 
bone formation in the process of 
vascular calcification. In addi

tion, the current study identified increased expression 
of IHH in calcified regions. To date, information about 
IHHsignalling and atherosclerosis is scarce, mainly 
describing inhibitory effects (34, 35) and a potential role 
in osteoarthritic calcification (36) as well as osteoblastic 
differentiation (37). Given the critical role of IHH in bone 
formation, this finding warrants further analysis of this 
signalling pathway in the context of calciphylaxis and 
vascular calcification.

In addition to our protein expression studies, the cur
rent study evaluated putative histological differences 
between patients with preserved and impaired kidney 
function, warfarin intake, and coexisting cardiovascu
lar comorbidities in a translational approach. Survival 
was significantly better in patients with preserved renal 
function, and mortality risk among histological markers 
correlated significantly with the expression of BMP-7 
(hazardratio 6.77, p = 0.03, 95% confidence interval). 
Subgroup analysis revealed a trend towards increased 
expression of BMP7 in patients with severe CKD 

Fig. 5. Subgroup comparisons of markers and risk factors 
in patients with calciphylaxis. Mean staining intensities (± 
standard deviation (SD)) for bone-morphogenic protein-7 (BMP-
7), active matrix-Gla protein (Gla-MGP), inactive matrix-Gla 
protein (Glu-MGP), fetuin-A, osteocalcin (OC), Indian-Hedgehog 
(IHH) and osteoprotegerin (OPG) were depicted vs clinical disease 
subgroups. No significant differences were detected between 
groups compared using Mann-Whitney U test (all p > 0.05). VKA: 
vitamin-K antagonist; HD: haemodialysis; DM: diabetes mellitus; 
PAD: peripheral artery disease; HPT: hyperparathyroidism. Note: 
for illustrative purpose the scale of the x-axis has been adjusted for 
each marker (staining intensity ranges from 0 to 3 for all markers).
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and haemodialysis. Although BMP7 has so far been 
associated with protective properties against vascular 
calcification and renal fibrosis, there was a positive cor
relation between local BMP7 expression and mortality 
in the current study. This suggests possible pathophy
siological differences depending on renal function and 
phosphate handling, and raises the question regarding 
whether BMP7 may be suitable as a biomarker. Other
wise, disease aetiology did not seem to induce different 
histological phenotypes regarding the distribution of 
osteogenic markers. 

Study limitations
Histological slides were assessed semiquantitatively, 
possibly resulting in reduced accuracy and statistical 
power. To minimize this effect, the current study used 
a standardized assessment file and 2 independent ex
perts blinded to the case/control status to verify the 
current results. A few slides had to be created from 2  
different tissue blocks from the same patient, which 
might decrease comparability. The relatively small cohort 
of 18 patients limits the statistical power of the current 
data. Furthermore, the control group was not matched 
regarding clinical comorbidities. 

Conclusion
In summary, this study demonstrates the presence of 
bonemorphogenic proteins, bonematrix proteins and 
regulatory proteins of the matrixGla family within 
calcifications and the vascular wall of calciphylaxis le
sions, underlining the pivotal role of extraosseous bone 
formation in the pathogenesis of subcutaneous calcifi
cations. Using a translational approach, the study iden
tified differences in renal function, phosphate handling 
and expression of osteogenic markers as influencers of 
clinical outcome. Mortality was highest in patients with 
impaired renal function, sequential renal comorbidities 
and high expression of BMP7. The presence of BMP7 
in human subcutaneous biopsies of patients with calcip
hylaxis is a novel finding. Pathophysiological functions 
of BMP7 and its potential as a biomarker in the context 
of vascular calcification and CKD should be addressed 
in future followup studies. 

Skin biopsy in patients with clinically overt calci
phylaxis captures advanced disease manifestations. This 
latestage histomorphological picture did not seem to be 
influenced by kidney function, VKA intake, or coexisting 
peripheral artery disease. Therefore, disease evolution 
may have different pathophysiological drivers, but a 
common pathophysiological endpoint can be assumed 
in this late stage of the condition. Future studies inclu
ding animal models are needed to better understand the 
temporal progression of histological changes in calcip
hylaxis and to identify markers for the individualization 
of treatment.
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