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ABSTRACT 

250 words  

More than 35% of adenocarcinoma lung cancers present with bone metastases at diagnosis 

and have a poor survival. Periostin, a carboxylated matrix protein, is involved in lung cancer 

cell dissemination through epithelial-mesenchymal transition, in bone response to mechanical 

stress and in bone formation regulation. Thus, periostin is a candidate biomarker for bone 

metastasis severity and lung cancer patient survival.  

 

Serum periostin was assessed at diagnosis in a prospective cohort of 133 patients with 

adenocarcinoma lung cancer of all stages. Patients were divided into localized and bone 

metastatic groups. Both groups were matched to healthy controls. Survival analysis and Cox 

proportional hazards models were conducted in the total population and in bone metastatic 

group. 

 

The median serum periostin level was higher in bone metastatic (n=67; median: 1752pmol/L) 

than in the localized group (n=66; 861pmol/L; p<0.0001). Patients with high periostin 

(>median) had a poorer overall survival in the whole population (33.3 weeks vs. NR; p<0.0001) 

and the bone metastatic group (24.4 vs. 66.1 weeks; p<0.001). In multivariate analysis, 

patients with high periostin had increased risk of death (HR=2.09, 95%CI [1.06-4.13]; p=0.03). 

This was also found in the bone metastatic group (HR=3.62, 95%CI [1.74-7.52]; p=0.0005). 

Immunohistochemistry (IHC) on bone metastasis biopsies found some periostin expression in 

bone matrix and in cancer cells (nuclear and cytoplasmic).  

 

Serum periostin was an independent survival biomarker in all-stage and in bone metastatic 

adenocarcinoma lung cancer patients. IHC data suggest that periostin might be induced in 

cancer cells in bone metastatic niche in addition to bone microenvironment expression.    
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INTRODUCTION  

 Lung cancers are leading cause of cancer mortality in France (1). Non-small cell lung 

cancer (NSCLC) accounts for up to 85% of lung cancer (2) and 35 to 50% of lung cancers 

have bone metastasis at the time of cancer diagnosis or will develop bone metastasis (3). 

When first diagnosed, more than 30% of lung cancer patients are at an advanced stage, 

including bone metastases; those with advanced lung cancers have a poor survival outcome 

(2) and this is particularly the case for patients with bone metastasis (4).  

Locally, bone metastasis is characterized by the establishment of a metastatic niche 

(5). A worldwide effort is ongoing to understand, predict, and treat bone metastasis at the 

earliest stages of metastatic niche (5). Dissemination of tumor cells occurs early and seems to 

be a frequent event (6), for which a key step is epithelial-mesenchymal transition (EMT) of 

carcinoma cells that confers increased invasion and metastasis properties to NSCLC cells (7).  

Periostin is a 19kD carboxylated matrix protein found in various extracellular matrices, 

including the lung and bone (8). Periostin is made of a NH2-terminal signal peptide sequence, 

an internal homologous repeat region, cysteine-rich domains, and a hydrophilic COOH-

terminal domain. In bone physiology, periostin is involved in the response to mechanical stress, 

and bone formation regulation through the control of sclerostin expression in the periosteum 

(9). Periostin has been also implicated in energy metabolism, in cell function regulation, and 

cell-matrix interactions (10). In addition, periostin is thought to promote EMT by targeting the 

crosstalk between the epidermal growth factor (EGFR) and the integrins at the plasma 

membrane, with consecutive activation of the Akt/PKB (protein kinase B) and the FAK (focal 

adhesion kinase) pathway (11). 

Periostin cancer expression has been associated with poor survival outcomes in a 

heterogenous group of tumors (12). In NSCLC, Zhang et al. reported that periostin serum level 

was higher in advanced stage III/IV than in various benign lung diseases and periostin was 

associated with the presence of bone metastases (13). They have also found that periostin 

was associated with the time to first progression, but the origin of periostin is not fully 

understood. We therefore first investigated whether periostin serum level at diagnosis, before 

any oncological treatment, was associated with overall survival in patients with 

adenocarcinoma lung cancers of all stages and specifically in those with bone metastases. 

Then, since KRAS mutation is the most frequently found mutation in human adenocarcinoma 

lung cancer bone metastases, and is responsible for high affinity and agressivity towards the 

bone (14), we focused on bone metastasis biopsies with KRAS mutation to describe periostin 

expression using immunohistochemistry (IHC). Finally, we compared the IHC results to our in 

vivo model of bone metastasis with A549 KRAS-mutated cells.  

  



MATERIALS AND METHODS   
 

Patients and controls.  

The POUMOS project is a single-center non-interventional prospective cohort of NSCLC 

developed within the Hospices Civils de Lyon, Lyon, France. The project started in 2010 and 

has been approved by the French ministry of research and the regional ethics committee 

(Comité de protection des personnes Lyon Sud-Est IV – protocol number 11.460), and has 

been registered on ClinicalTrial.Gov; number: 028 102 62); all patients provided a written 

informed consent. The present study has two groups: patients with non-metastatic 

adenocarcinoma lung cancer requiring lung surgery (these patients could be stage I, II or III) 

and patients presenting a first bone metastasis from adenocarcinoma lung cancer confirmed 

by bone metastasis biopsy (stage IV). Patients should not have previously received any 

systemic treatment (chemotherapy, targeted therapy, or immune checkpoint inhibitor) to be 

included. Data regarding cancer and patient characteristics were collected. Advanced lung 

cancer inflammation index (ALI) was computed as follows:  body mass index (Kg/m²) x serum 

albumin (g/L) / neutrophil-lymphocyte ratio (NLR). Patients were prospectively followed until 

death. Patients underwent blood sampling before any oncological treatment including systemic 

treatment, radiotherapy, or surgery. Standard laboratory tests were performed according to 

routine procedures. Sera were stored at -80°C until the periostin assay was performed. For the 

present study, patients from each group of the cohort were paired according to age (± 1 year) 

and sex to healthy controls available in our rheumatology cohorts in Lyon composed of healthy 

adults. These cohorts were designed to achieve bone density standards in healthy subjects 

(15, 16); one control could be matched to one patient of each group. None of the control 

patients had cancer.   

 

Periostin assay. 

Serum periostin was assessed using the ELISA kit (Biomedica®, Vienna, Austria) (17). Briefly, 

plates were coated with 150 μL of the mouse monoclonal anti‐human periostin coating 

antibody, sealed and incubated for one hour at room temperature (18‐26°C). After aspiration 

of the coating solution, wells were blocked with 300 μL per well of blocking solution overnight 

at 4°C. Thereafter, each well was aspirated and dried for three hours. Human serum samples 

were diluted 1/50 with phosphate buffered assay (PBS), and 150 μL of this solution were added 

to the dried wells and incubated for two hours at room temperature. Plates were then washed 

five times with washing buffer before adding 150 μL of the biotinylated goat polyclonal anti‐

human periostin antibody and incubated for two hours at room temperature. Plates were 

washed five times as described before. In order to detect bound biotinylated detection 

antibody, 150 μL of the conjugate solution, consisting of horseradish peroxidase (HRP) ‐



labeled streptavidin, was added to each well. The mixture was incubated for one hour at room 

temperature to allow the formation of the biotin‐streptavidin complex. After incubation, wells 

were washed five times, and substrate solution was added. The final incubation step was 

performed in the dark, and the reaction was stopped after 30 minutes with stop solution. The 

absorbance at 450 nm was measured using a microplate reader. 

 

Periostin immunohistochemistry on bone metastases sections  

Four-micron paraffin sections of bone metastasis, from KRAS and non-KRAS mutated 

adenocarcinoma lung cancers, were incubated overnight with anti-mouse/human periostin 

(1/1000; Biomedica®, Vienna, Austria) or with anti-mouse/human periostin (1/500; USCN®, 

Wuhan China) followed by incubation with HRP-conjugated anti-rabbit antibodies (1/300; Dako 

Agilent®, Santa Clara, CA USA)  for 1 hour and staining with 3,3’-diaminobenzidine (Dako 

Agilent®, Santa Clara, CA USA) and Mayer’s hematoxylin (Merck-Sigma-Aldrich®, Darmstadt, 

Germany). For the in vivo model, anti-mouse/human periostin was used at a dilution of 1/200; 

the secondary antibody was anti-goat (1/300; Jackson®, Bar Harbor, MA USA).  

 

Cell line 

The human A549 KRAS-mutated cancer cell line was bought from the ATCC® Manassas, VI 

USA (ATCC CCL-185TM), and cultured in F12K medium (Life-Technologies® Carlsbad, CA 

USA), supplemented with 10% fetal bovine serum (Perbio®, Waltham, MA USA) and 1% 

penicillin/streptomycin (Invitrogen®, Carlsbad, CA USA) at 37°C in a 5% CO2 atmosphere. 

Cultured cells were tested for mycoplasma regularly. 

 

In vivo bone metastases mouse model 

Four-week-old BALB/c female nude mice (Janvier Labs®, Le Genest St Ile France) (n=5) were 

purchased and housed for 2 weeks in a specific-pathogen-free facility (ALECS platform, 

Faculté de Médecine Laennec, Lyon, France). After two weeks of housing, mice were 

anesthetized with intraperitoneal injection of 20µL/g of ketamine 130mg/kg and xylazine 

8.8mg/kg diluted in physiological serum and injected intracardiac with 100µL of A549 tumor 

cell solution (1*106 cells/mL of sterile PBS). The development of bone metastases was 

assessed weekly on plain radiographs (X-rays set-up: 18kV-35s; Faxitron®, Tucson, AZ USA). 

At day 30, mice were sacrificed and hind limbs were then collected, fixed with 

paraformaldehyde 4% for 24 hours, rinsed with PBS and then processed according to the 

routine histology procedure. Four-micron paraffin sections were obtained and stained with 

hematoxylin and eosin. Mice protocol followed was approved by the animal ethics committee 

of Lyon I university (IRB approval number: BH2012-05). 

 



Statistical analysis 

The Spearman’s correlation coefficients were used to assess the correlations between 

periostin and clinical or laboratory parameters. Boxplots were used to visualize the distribution 

of periostin in the metastatic, localized, and control group. Student’s t and Wilcoxon’s tests 

were used to compare groups. Overall survival (OS) between patients with high periostin 

serum level (greater than the median) vs. low periostin serum level was estimated and 

compared using the Kaplan-Meier method and the Log-rank test in the total population and in 

the bone metastatic group. Parameters associated with survival were analyzed and a 

multivariate Cox proportional hazards model was used to determine the influence of periostin 

and covariates on overall survival. All analyses were conducted using R statistical software 

(Version 3.6.0). A p-value below 0.05 was considered statistically significant in all analysis. 

 

 

RESULTS  

 

Baseline characteristics  

A total of 133 patients with an adenocarcinoma lung cancer were included between February 

2010 and October 2018. There were 84 (63%) men, and the mean ± SD age was 63.5 ± 10.9 

years (Table 1). Among these, 67 patients were included in the localized group and 66 in the 

metastatic group. Patients of each group were paired 1:1 to healthy controls (63 men and 41 

women) for periostin serum assay. 

There was no significant difference in mean ± SD age at inclusion between metastatic (65.1 ± 

11.6 years) and localized groups (61.9 ± 10.0 years; p=0.27). All patients in the metastatic 

group had bone metastases among which 19 patients (29% of metastatic group) were bone 

metastatic only without any soft tissue involvement at the inclusion and 47 patients (71% of 

metastatic group) present with both soft tissue and bone metastases. Patients of the metastatic 

group had a significantly lower mean ± SD serum albumin level (33.9 ± 5.6 g/L vs. 37.8 ± 4.1 

g/L; p=0001); a significantly higher inflammatory status, as reflected by mean ± SD C-reactive 

protein (CRP; 61.8 ± 67.6 mg/L vs. 15.6 ± 43 mg/L; p=0.0006) or NLR (5.1 ± 4.8 vs. 3.4 ± 5.3; 

p=0.0005); and a significantly lower mean ± SD ALI index (189.2 ± 161.3 vs. 365.8 ± 305.4; 

p=0.0008). Regarding bone parameters, no significant difference was observed for bone 

phosphatase alkaline but mean ± SD calcemia (2.29 ± 0.2 mmol/L vs. 2.18 ± 0.8 mmol/L; 

p=0.02) and mean ± SD serum carboxy-terminal collagen crosslinks (CTX; 700 ± 375.9 pg/mL 

vs. 488.3 ± 285.2 pg/mL; p=0.0004) were significantly higher in the metastatic arm.  

 

 

 



Total serum periostin assay 

In the total population, the mean ± SD serum periostin level was 1307 ± 656 pmol/L and the 

median level was 1092 pmol/L. Periostin was not correlated with age but with inflammation 

parameters : CRP (r=0.50; p=0.0005), albuminemia (r=-0.33; p=0.001), and NLR (r=0.36; 

p=0.003). Regarding bone parameters, serum periostin was correlated with serum CTX 

(r=0.26; p=0.002) but not with calcium serum level or bone alkaline phosphatase (data not 

shown).  

The median serum periostin level in the localized group was slightly different than in matched 

healthy controls (861 vs. 1004 pmol/L; p=0.01) whereas in the bone metastatic group it was 

70% higher than its controls (1752 vs. 1033 pmol/L; p<0.0001) and twice that found in the 

localized group (p<0.0001; Supplemental figure 1).  

  

Overall survival 

Median [95% CI] follow-up duration was 57.9 [1.3-350.0] weeks. Median OS was 84.3 [57.7-

110.8] weeks (1.6 years) in the total population. Median OS was 32.9 [25.0-40.7] weeks in the 

metastatic group and was not reached (NR) in localized group (Log-rank p<0.0006). A high 

(>median) serum periostin level at inclusion was associated with a shorter survival (median: 

33.3 weeks vs. NR; p<0.0001, Figure 1A) and a higher risk of death (HR=5.20, 95% CI [3.03 

to 8.90]; p<0.0001). Other parameters significantly associated with an increased risk of death 

were age, metastatic status, high CRP, low albumin serum level, high calcemia, high NLR and 

high ALI, (Table 2). In the multivariate Cox proportional hazards model, including periostin, 

metastatic status, age, CRP, ALI, CTX and calcemia, only metastatic status (HR=2.09, 95% 

CI [1.06-4.13]; p=0.03) and high periostin (HR=2.80, 95% CI [1.59-4.95]; p=0.0003) were 

significantly associated with an increased risk of death (Table 2).  

 

Overall survival in the bone metastatic arm 

In the bone metastatic arm, high periostin and low albuminemia were associated with an 

increased risk of death (Figure 1B and Table 3). In the Cox model including periostin, age, 

CRP, ALI, CTX and calcium serum level, high periostin remained associated with an increased 

risk of death (HR=3.62 [1.74-7.52]; p=0.0005, Table 3). 

 

Periostin IHC on patient bone metastasis  

Paraffin sections of bone metastasis were available from 10 patients; including n=5 KRAS 

mutated, and n=5 KRAS-non mutated adenocarcinoma lung cancers. As expected, periostin 

was present in tumor-associated stroma. Interestingly, and there was also an expression by 

some tumor cells; this expression was heterogenous, mostly cytoplasmic and sometimes 

nuclear (Figure 2, and supplemental Figures 2 and 3). 



 

Exploratory in vivo experiments of NSCLC bone metastasis  

Using osteolytic bone metastasis generated in nude mice (Figure 3a and b), IHC analysis found 

an intranuclear tumor expression of periostin in some bone metastases (Figure 3 d-f); no 

expression was observed on the A549 cell line (Figure 3c) in vitro cultures suggesting a tumor 

induction of periostin in the bone microenvironment. 

  



DISCUSSION  

 

In the present study, we found that high serum periostin level was independently 

associated with an increased mortality in all adenocarcinoma lung cancers and in the bone 

metastatic arm. We observed by IHC of bone metastases that periostin was expressed in the 

bone microenvironment but also in some cancer cells with nuclear and cytoplasmic expression. 

To our knowledge, there was no previous report on adenocarcinoma lung cancers looking for 

both serum periostin levels and immunochemistry in bone metastases. In addition, the 

exploratory in vivo experiment of bone metastasis with KRAS A549 cell line, suggested that 

periostin expression by cancer cells, might be induced by bone microenvironment.  

Serum periostin has been previously reported as a poor prognosis marker in different 

types of cancers (12), including NSCLC, Xu et al. and Zhang et al. showed that serum periostin 

levels were increased in NSCLC patients compared with benign lung diseases and controls 

(13,18). Nevertheless, their controls were not paired to the cancer patients. High serum 

periostin level was associated with shorter time to first progression and an advanced stage of 

the disease (13, 18). Herein, we go further with paired controls, overall survival and focus on 

bone metastasis of adenocarcinoma lung cancer. The multivariate analysis included 

inflammation prognostic markers such as ALI index and CRP, and CTX bone turnover marker. 

Thus prognosis value of serum periostin at the time of diagnosis, before any treatment, 

irrespective of the stage, was clearly underlined here.  

Nevertheless, the origin of periostin in serum was not obvious. Firstly, in the IHC we 

clearly observed in some patients a strong bone stroma reaction independently of the 

expression of cancer cells. From a physiological point of view, this is consistent with the 

described role of periostin in bone anabolism by Bonnet et al.; in response to mechanical 

stress, osteoblasts and osteocytes overexpress periostin that blocks sclerostin and thus 

enhances all aspects of bone anabolism such as mineralization and osteoblast proliferation 

(19). This reaction, by increasing bone mass and cortical bone, may contribute to strengthen 

the bone to face the osteolysis induced by the metastasis. Furthermore, in bone metastatic 

microenvironment, periostin could be secreted by other cells in the stroma such as cancer-

associated fibroblasts, myofibroblasts, or bone marrow-derived mesenchymal stem cells (8). 

In a feedback loop, this bone expression of periostin may have an impact on lung cancer cell 

proliferation. Indeed, it has been reported that periostin promotes the survival of A549 cells via 

activation of the AKT pathway (20). Periostin could also promote EMT in lung cancer by 

activating the p38/ERK pathway and repressing the expression of microRNA-381 that targets 

both Snail and Twist (21). Thus, the cancer stimulation might be local at the bone metastatic 

site but also in a more systemic manner including the primary site of the tumor.  



Secondly, we also observed by IHC a cancer cell intranuclear and cytoplasmic 

expression of periostin. Further studies are required to understand the physiological role of 

these different locations in tumor cells. This observation was made both in human bone 

metastasis biopsies and in the in vivo A549 bone metastatic mouse model. This local 

production of periostin by bone metastasis may promote osteolysis since Che et al. previously 

published that the silencing of periostin in lung cancer cell lines reduces osteoclastogenesis 

and osteoclast activity through αvβ3 integrin signaling (22). They also observed a reduction of 

osteolytic bone metastases in vivo.   

Beyond the findings in bone metastases, we observed that serum periostin was a 

biomarker of poor survival in the adenocarcinoma lung cancer population. This poor prognosis 

has also been reported in other types of cancer (21,22,23,24,25) suggesting that it was not 

restricted to lung cancer. Periostin oncologic potency corresponds to its stimulatory effect on 

cancer cells as previously discussed but also to its expression by cancer cells themselves. For 

example, periostin is overexpressed in localized breast cancer. This overexpression was not 

dependent on disseminated tumor cells status (28). In lung cancer, periostin was significantly 

increased in cisplatin-resistant A549 cells compared with parental cells, and overexpressing 

periostin rendered A549 cells more resistant to cisplatin-induced apoptosis via activation of 

STAT3 and upregulation of Survivin (29). In another model of lung cancer using SBC-5 cells, 

Che et al. silenced periostin that decreased agressivity of the cells (migration, proliferation and 

secretion of metastasis associated factors) (22). Taken together, these studies showed an 

important role of periostin in tumor cell proliferation, survival, angiogenesis, invasion, 

metastasis and chemoresistance. 

Interestingly, the in vivo exploratory model, which is a good way to generate hypothesis, 

found that there might be an induction of periostin expression by A549 cancer cells in the bone 

microenvironment. This result was supported by a previous report showing that periostin 

expression could be induced by TGF-α and βFGF under the stress of chemical-mimic hypoxia 

in A549 NSCLC cells(20). We acknowledge, however, that for human IHC, we only had bone 

metastatic tissue and these were not paired with primitive tumor preventing formal conclusion 

as to the induction of expression by bone metastatic niche cancer cells.  

At this stage all three sources (the cancer cells, the bone, and the bone 

microenvironment) might release periostin to the blood. The ELISA kit used for this study 

recognizes all types of periostin, but, considering the different sources of periostin previously 

discussed, there might be some isotypes more specific of bone, cancer cells, or soft tissue. 

This is supported by the study reported by Morra et al. that described nine different isoforms 

of periostin and identified five of them in lung biopsies of NSCLC. In lung biopsies, both tumor 

stroma and epithelium expressed periostin (30). In bone, Bonnet et al. also reported that 

specific fragment (K-Postn) are released after cathepsin K digestion (31). This question of 



specific periostin fragments is currently under investigation. The current challenge is to develop 

periostin ELISA kits able to specifically detect bone metastatic released fragments.  

In conclusion, serum total periostin level was a prognostic biomarker of poor overall 

survival in all-stage adenocarcinoma lung cancers and in the bone metastatic group.  

Periostin expression in bone metastases was heterogenous from one to another patient 

but in bone metastatic niche, we observed periostin expression in stroma and in lung cancer 

cells (intranuclear and cytoplasmic expression). Moreover, in vivo data suggest that periostin 

might be induced by bone metastatic lung cancer cells. Taken together both the literature and 

that reported herein, the data support that periostin expression, irrespective of the source in 

the bone metastatic niche, contributes to enhance cancer agressivity.   
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Figure 1: Overall survival according to median periostin value in the population of 

adenocarcinoma lung cancer patients (n=133; A) and restricted to the bone metastatic patients 

(n=66; B). Statistics: Log-rank test. NR: not reached. 

 

Figure 2: Periostin immunostaining performed on bone metastases in patients with KRAS-

mutated adenocarcinoma lung cancer. The antibody used was anti-total periostin-USCN®. Left 

column magnification x20. Dashed rectangle indicates the corresponding region of interest 

presented in the right column. ERxx corresponds to patient anonymization code. A strong 

stroma expression of periostin is present in ER13 and ER37 whereas it is absent or weak in 

ER34 and ER35. There is a nuclear and cytoplasmic expression of periostin in cancer cells in 

ER13, ER35 and ER52. Cancer cell periostin expression in ER34 is strong but heterogenous.  

 

Figure 3: Periostin immunostaining performed on bone metastases in Balb/c nude mice 

injected with A549-KRAS cells. A) radiograph of bone metastasis at sacrifice (day 56). B) H&E 

staining (magnification X20). C and D) Immunostaining performed with antibody anti-periostin 

from USCN® on culture A549 cells showing no expression (C) and on bone metastasis sections 

showing tumor expression (D); magnification X20. E and F) Immunostaining performed with 

antibody anti-periostin from Biomedica® showing tumor expression (E: magnification X20; 

white band corresponds to 100µm. F: magnification X40; white band corresponds to 50µm). T: 

Tumor, BM: Bone matrix.   

 

Supplemental figure 1: Comparaison of serum periostin (pmol/mL) in localized group vs 

paired controls (left) and in bone metastatic group vs paired controls (right). Statistics used: 

non parametric tests. 

Supplemental figure 2: Periostin immunostaining performed on bone metastases in patients 

(n=5) with non-KRAS mutated adenocarcinoma lung cancers. ERxx corresponds to patient 

anonymization code. A-F: antibody anti-total periostin-USCN®. G and H) Negative control 

without primary antibody in mutated (ER52) and non-mutated (ER50) KRAS patient; 

magnification x20. E and F) Dashed rectangle indicates the corresponding region of interest 

presented in the right column. These sections also show heterogenous expression between 

patients. ER15, ER49 and ER50 had stroma reaction, ER43 had a weak expression, and 

ER45a cytoplasmic and nuclear expression. 

 

Supplemental figure 3: Periostin immunostaining performed on bone metastases in patients 

with KRAS-mutated adenocarcinoma lung cancer. Antibody anti-total periostin-Biomedica®. 

There was a cytoplasmic and nuclear expression of periostin in tumor cells in the cases ER37 

and ER13. By contrast, there is no tumor expression in case ER34. In case ER37, periostin 

was also expressed by periosteal tissue. These results are similar to that observed with the 

USCN® antibody. Magnification x20 (A) and x40 (B). 

  

  



Table 1: clinical and laboratory parameters of the adenocarcinoma lung cancer population. 

 

Table 2: Univariate and multivariate analysis of parameters associated with the risk of death  

 

Table 3: Univariate and multivariate analysis of parameters associated with the risk of death 

in the bone metastatic group. 
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bone metastatic patients (n=66; B). Statistics: Log-rank test. NR: not reached.
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Figure 2: Periostin immunostaining performed on
bone metastases in patients with KRAS-mutated
adenocarcinoma lung cancer. The antibody used
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magnification x20. Dashed rectangle indicates the
corresponding region of interest presented in the
right column. ERxx corresponds to patient
anonymization code. A strong stroma expression
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ER34 is strong but heterogenous.
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Figure 3 : Periostin immunostaining performed on bone metastases in Balb/c nude mice injected with A549-KRAS cells. A)

radiograph of bone metastasis at sacrifice (day 56). B) H&E staining (magnification X20). C and D) Immunostaining performed with

anti-periostin from USCN® on culture A549 cells showing no expression (C) and on bone metastasis sections showing tumoral

expression (D) (magnification X20). E and F) Immunostaining performed with anti-periostin from Biomedica® showing tumoral

expression (E: magnification X20; white band corresponds to 100µm. F: magnification X40; white band corresponds to 50µm). T:

Tumour, BM: Bone matrix.
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Data are presented as mean ± standard deviation (SD) or n (%). CRP: C reactive protein 
PNN: Neutrophil polynuclear cells. BAP: bone alkaline phosphatase. CTXs: serum carboxy-terminal collagen 
crosslinks. NLR: Neutrophil-Lymphocyte Ratio. ALI: Advanced Lung cancer inflammation Index. P value to test 
localized versus bone metastatic patients. 
 

 

Table1: Clinical and laboratory parameters of the lung adenocarcinoma  
 

 

 

 

Parameters Whole 
population 

N=133 

Bone 
metastatic 

patients 
N=66 

Localized 
patients 

N=67 

p value 

Sex (male)  84 (63%) 48 (72%) 36 (53%) 0.03 
Age (years) 63.5 ± 10.9 65.1 ± 11.6 61.8 ± 10.0 0.07 
Adenocarcinoma  133 (100%) 66 (100%) 67 (100%) - 
Stage at 
diagnosis: 
 

     
I 37 (28.5%) 0 37 (55.2%) - 
II 17 (12.8%) 0 17 (25.4%) - 

III 13 (9.8%) 0 13 (19.4%) - 
IV 66 (48.9%) 66 (100%)  - 

CRP (mg/L) 38.3 ± 60.8 59.9 ± 67.3 15.1 ± 42.4 0.00001 
Neutrophils (G/L) 6.7 ± 6.2 7.4 ± 3.9 6.0 ± 7.8 0.22 
Lymphocytes (G/L)   2.1 ± 1.7 1.9 ± 2.3 2.2 ± 0.8 0.37 
Albuminemia (g/L) 35.9 ± 5.3 33.9 ± 5.6 37.8 ± 4.2 0.00002 
Calcemia (mmol/L) 2.30  ± 0.1 2.30 ± 0.2 2.31 ± 0.1 0.24 
BAP (µg/L) 32.5 ± 34 23.4 ±30.0 40.4 ± 35.7 0.002 
CTXs (pg/l) 591.6 ± 347.8 700.0 ± 375.9 472.3 ± 256.8 0.00003 
NLR 4.2 ± 5.1 5.1 ± 4.8 3.4 ± 5.4 0.06 
ALI 278.2 ± 259.4 189.2 ± 161.3 344.3 ± 310.9 0.0005 
Periostin (pmol/l) 1307 ± 655.9 1731.9 ± 681.5 888.8 ± 212.0 8x10-15 
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HR: Hazard ratio. CI: Interval confidence. High periostin refers to upper the median value of 1092 
pmol/L.CRP: C reactive protein. CTXs: serum carboxy-terminal collagen crosslinks. NLR: Neutrophil-
Lymphocyte Ratio. ALI: Advanced Lung cancer inflammation Index. 
 

Table 2: Univariate and multivariate analysis of parameters associated with the 
risk of death.   
 

Univariate analysis : parameters HR 95% CI p-value 

Age (one additional year) 1.02 0.99 -  1.05 0.05 
Sex (male) 0.81 0.49  -  1.31 0.4 
Metastatic group 7.51 4.60  -  12.3 <0.0001 
High periostin  5.20 3.03  -  8.90 <0.00001 
Periostin (per 100 pmol/l increase) 1.12 1.08  -  1.15 <0.0001 
CRP (>10 mg/L) 2.79 1.78  -  4.38 0.0008 
Neutrophils (>5.20 g/L) 1.86 1.19  -  2.91 0.006 
Lymphocyte (<1.92 g/L) 1.77 1.13  -  2.79 0.01 
Albuminémie (<37 g/L) 2.40 1.54  -  3.75 <0.0001 
Calcemia (>2.52 mmol/L) 2.51 1.02  -  6.24 0.04 
BAP (>15 UI/mL) 1.25 0.78  -  2.01 0.4 
CTXs (>440 pg/ml) 1.53 0.96  -  2.47 0.07 
NLR (>2.70) 2.61 1.65  -  4.13 <0.0004 
ALI (<290.12) 3.96 2.27  -  6.90 <0.0001 

 

Multivariate analysis : parameters HR 95% CI p-value 

Periostin, high   2.09 1.06-4.13 0.03 

Metastatic arm 2.80 1.59-4.95 0.0003 
Age (one additional year) 1.01 0.99-1.05 0.25 
CRP (>10 mg/L) 1.39 0.571-2.76 0.34 

Calcemia (>2.52 mmol/L) 1.60 0.47-5.40 0.45 
CTXs (> 440 pg/mL) 0.84 0.46-1.55 0.58 
ALI (<290.12) 1.38 0.69-2.79 0.35 
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HR: Hazard ratio. IC: Interval confidence. High periostin refers to upper the median value of 1752 
pmol/L.CRP: C reactive protein. CTXs: serum carboxy-terminal collagen crosslinks. NLR: Neutrophil-
Lymphocyte Ratio. ALI: Advanced Lung cancer inflammation Index. 
 

Table 3: Univariate and multivariate analysis of parameters associated with the 
risk of death in the bone metastatic group.  
 
 

 

 

Univariate analysis : parameters HR 95% CI p-value 

Age 1.01 0.99  -  1.04 0.4 
Sex (male) 0.92 0.51  -  1.65 0.8 

High periostin 2.59 1.47  -  4.58 0.001** 
Periostin (per 100 pmol/l increase) 1.05 1.02  -  1.09 0.004** 

CRP (>10 mg/L) 0.68 0.39  -  1.20 0.2 
PNN (>5.20 g/L) 1.55 0.89  -  2.69 0.1 

Lymphocyte (<1.92 g/L) 0.78 0.44  -  1.39 0.4 
Albuminemia  (<37 g/L) 0.50 0.27  -  0.91 0.02* 

Calcemia (>2.52 mmol/L) 0.22 0.03  -  1.63 0.1 
BAP  (>15  µg/L) 0.87 0.48  -  1.57 0.6 

CTXs (>440 pg/ml) 0.76 0.39  -  1.35 0.3 
NLR (>2.70) 1.39 0.79  -  2.45 0.2 

ALI (<290.12) 1.60 0.84  -  3.87 0.2 

Multivariate analysis : parameters HR IC 95% p-value 

High periostin  3.62 1.74  -  7.52 0.0005*** 

Age (one additional year) 1.00 0.97  -  1.03 0.77 

CRP (>10 mg/L) 0.99 0.46  -  2.10 0.97 

Calcemia (>2.52 mmol/L) 0.13 0.01  -  1.01 0.05 

CTX (>440 pg/ml) 0.67 0.32  -  1.39 0.28 

ALI (<290.12) 1.47 0.65  -  3.28 0.34 
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