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Abstract

Background Surgery is critical in the management of

gastro-oesophageal cancer, and the addition of neo-adju-

vant chemotherapy has proved to be of benefit. The calpain

system has been implicated in tumour progression and

response to various anti-cancer therapies, and therefore

expression of the system was determined in this tumour

type.

Methods Two cohorts of gastro-oesophageal adenocarci-

nomas were investigated for calpain-1, calpain-2, calpain-9

and calpastatin expression using conventional immuno-

histochemistry. 88 patients who received neo-adjuvant

chemotherapy and 140 patients who received surgery alone

were investigated using a tissue microarray approach.

Results Calpain-1, calpain-2 and calpastatin expression

was associated with adverse cancer-specific survival in

the neo-adjuvant cohort (P = 0.004, P = 0.001 and

P = 0.012 respectively); which remained significant in

multivariate analysis (Hazard ratio (HR) = 0.337; 95 %

confidence interval (CI) = 0.140–0.81; P = 0.015,

HR = 0.375; 95 % CI = 0.165–0.858; P = 0.020 and

HR = 0.481; 95 % CI = 0.257–0.900; P = 0.022 respec-

tively). Calpain-1 and calpastatin expression was also

associated with adverse cancer specific survival in the

primary surgery cohort (P = 0.001 and P = 0.013

respectively); which remained significant in multivariate

analysis (HR = 0.309; 95 % CI = 0.159–0.601; P =

0.001 and HR = 0.418; 95 % CI = 0.205–0.850; P =

0.016 respectively). Calpain-9 expression was not associ-

ated with cancer-specific survival in the neo-adjuvant and

primary surgery cohorts.

Conclusion Determining the expression levels of calpain-

1, calpain-2 and calpastatin may provide clinically relevant

prognostic information for gastro-oesophageal adenocar-

cinomas; these findings warrant further studies in larger

cohorts of patients.

Keywords Calpain � Calpastatin � Gastro-oesophageal �
GOJ cancer

Introduction

Gastric and oesophageal cancer represents a significant

portion of the total worldwide cancer burden. Operable

gastro-oesophageal carcinomas are treated with radical

surgery, which is critical in the management of the disease;

however, clinical trials have demonstrated a reduction in

the risk of death in patients given peri-operative chemo-

therapy opposed to surgery alone [1]; furthermore, the

OEO2 trial investigated surgical resection with and without

pre-operative chemotherapy in oesophageal cancer has also

shown a risk reduction [2]. Neo-adjuvant platinum-based

chemotherapy is the standard of care for patients with

gastro-oesophageal cancers, with approximately 40 % of

patients responding to treatment [1, 3].
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The calpain system is currently comprised of 14

known enzymes that function as calcium-dependent cys-

teine proteases; the most widely studied of which are micro

(l)-calpain and milli (m)-calpain, which are named for the

calcium concentration required for their activation [4, 5].

l-calpain and m-calpain are each composed of a large

80 kDa catalytic subunit [CAPN1 (calpain-1) and CAPN2

(calpain-2), respectively] and a small 28 kDa regulatory

subunit (CAPNS1) which is common to both enzymes [6].

Calpastatin is the endogenous inhibitor of calpain, and as

such is ubiquitously expressed. The calpain system has

been implicated in many cellular functions such as cyto-

skeletal remodelling, cellular signalling and apoptosis, and

is implicated in tumorigenesis through altered expression

and activity in cancer [7]. Calpain expression is altered in a

number of tumour types, including breast cancer [8, 9] and

ovarian cancer [10]. l-calpain and milli-calpain are both

expressed in the gastrointestinal tract, in addition to the

tissue specific calpain-8 (nCL-2) and calpain-9 (nCL-4).

Calpain activity has been implicated in the response to

5-fluorouracil (5-FU) by altering the levels of thymidylate

synthase and the 5-FU metabolite 5-fluoro-dUMP complex

in gastric cancer in vitro, by which high calpain activity

contributes to 5-FU chemoresistance [11]. Furthermore,

calpain activation induced by Helicobacter pylori has been

shown to disrupt epithelial adherens junctions, which is

thought to influence the severity of disease and which is a

risk factor for developing gastric adenocarcinoma [12].

Decreased expression of CAPN9 (calpain-9) has been

observed in gastric cancer [13], and a complex of calpain-8

and calpain-9 (G-calpain) has been implicated in mucosal

defence [14].

The aim of this study was to investigate the expression

of calpain-1, calpain-2, calpain-9 and calpastatin in gastro-

oesophageal cancers, in particular in those patients who

received surgery alone and those patients exposed to neo-

adjuvant platinum based chemotherapy prior to surgery, to

determine if calpain system expression is associated with

clinical outcome or clinicopathological variables.

Methods

Clinical samples

This study is reported according to REMARK criteria [15].

Tissue was obtained from patients treated at Nottingham

University Hospitals Trust between 2001 and 2008 and

approved by the local ethics committee of Nottingham

University Hospitals. The study cohort consisted of 140

gastric/gastro-oesophageal cancer patients who received

surgery and adjuvant chemotherapy, and 88 patients with

operable cases of gastro-oesophageal cancer who received

at least one cycle of pre-operative platinum based neo-

adjuvant chemotherapy. Patients who received neo-adju-

vant chemotherapy were treated with neo-adjuvant ECF

chemotherapy [epirubicin (50 mg/m2), cisplatin (60 mg/

m2) and continuous infusional 5-FU (200 mg/m2 per day)]

or ECX chemotherapy [epirubicin (50 mg/m2), cisplatin

(60 mg/m2) and capecitabine (625 mg/m2 p.o. b.d contin-

uously)], for up to three cycles prior to surgery, or CF

chemotherapy (cisplatin (80 mg/m2) and infusional 5-FU

(1000 mg/m2 daily for 4 days)) for up to two cycles prior

to surgery. Three patients had either carbo/F or CX.

The median follow up for the neo-adjuvant cohort was

28.4 months, and the median time to recurrence was

9.1 months; for the primary surgery cohort the median

follow-up time was 27.3 months, and the median time to

recurrence was 10.2 months. Disease specific survival was

calculated from the date of diagnosis until 26th November

2010, when any remaining survivors were censored.

Tumour regression grade (TRG) was defined as per Man-

dard’s criteria [16]. Table 1 shows the clinicopathological

characteristics of the patient cohort.

Tissue microarray and immunohistochemistry

The tissue microarray (TMA) was prepared using triplicate

0.6 mm tissue cores of tumour, identified by a specialist

pathologist, placed into a single recipient paraffin block.

4 lm sections of the TMA were mounted on poly-L-lysine

coated slides. Immunohistochemistry was performed on the

TMA slides which were initially deparaffinised in xylene

followed by rehydration through a decreasing concentra-

tion of ethanol. Antigen retrieval was performed in

0.01 mol L-1 sodium citrate buffer (pH 6) in a microwave;

450 W for 10 min. Endogenous peroxidase activity was

blocked over 10 min in 0.01 % hydrogen peroxide in

methanol. Primary antibodies; mouse anti-calpastatin

(1:15,000), mouse anti-calpain-1 (1:2500), rabbit anti-cal-

pain-2 (1:2500) (all Chemicon, Massachusetts, USA,

clones PI-11, P-6 and rabbit polyclonal AB1625 respec-

tively with specificity confirmed by Western blotting) and

calpain-9 (1:100) (Abnova, Taipei, Taiwan, clone 3A6)

were diluted in blocking serum and applied to the tissue for

1 h at room temperature. Staining was achieved using the

Vectastain Elite ABC kit (universal), containing blocking

serum, biotinylated secondary antibody and ABC reagent

(Vector Laboratories, Peterborough, UK) for calpain-1,

calpain-2 and calpastatin. Immunohistochemical reactions

were developed with 3,30 diaminobenzidine as the chro-

mogenic peroxidase substrate (Dako, Glostrup, Denmark).

Sections were then counterstained with Gills formula

haematoxylin (Vector Laboratories). Calpain-9 staining

was achieved using Novolink Polymer Detection System

(Leica Microsystems, Wetzlar, Germany). Following
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staining, sections were dehydrated and fixed in xylene prior

to mounting with DPX. Breast tumour composite sections

which comprised of 6 stage 1 breast tumours of grade 1–3

were included as positive and negative controls with each

run, with the negative control having primary antibody

substituted for PBS [9].

Assessment of staining was conducted after scanning of

the slides with a Nanozoomer Digital Pathology Scanner

(Hamamatsu Photonics) at 209 magnification. Calpastatin

and calpain expression in tumour cells was manually

assessed using an immunohistochemical H-score. Staining

intensity was assessed as; none (0), weak (1), medium (2)

and strong (3) over the percentage area of each staining

intensity. H scores were calculated by multiplying the

percentage area by the intensity grade (H score range

0–300). A minimum of 30 % of cores were scored by an

independent assessor blinded to primary scores, clinico-

pathological criteria and clinical information. H-scores

showed good concordance between assessors with single

measure intraclass correlations greater than 0.7.

Statistical analysis

The relationship between categorised protein expression

and clinicopathological variables was assessed using Pear-

son’s chi-square (v2) test of association. Spearman rank

order correlations were performed to test for correlation

between the expression level of different proteins. Survival

curves were plotted according to the Kaplan–Meier method

and significance determined using the log-rank test.

Table 1 Associations between calpastatin, calpain-1, calpain-2 and calpain-9 protein expression and various clinicopathological variables in the

neo-adjuvant cohort

Variable Calpain-1 Calpain-2 Calpastatin Calpain-9

Low High P value Low High P value Low High P value Low High P value

Tumour differentiation

Poor (n = 46) 6 38 0.843 30 12 0.785 24 20 0.774 16 12 0.388

Moderate/well (n = 42) 5 36 24 11 19 18 25 12

Site of tumour

Gastric (n = 20) 5 15 0.099 14 3 0.022 10 8 0.461 12 3 0.280

GOJ (n = 41) 5 33 27 7 17 20 15 12

Lower third of oesophagus (n = 27) 1 26 13 13 16 10 14 9

T category

T0-2 (n = 26) 1 25 0.160* 13 6 0.770 7 16 0.012 12 4 0.292

T3-4 (n = 61) 10 48 41 16 35 22 29 19

N category

N0 (n = 22) 1 21 0.275* 12 7 0.565 6 15 0.009 13 6 0.566

N1-3 (n = 66) 10 53 42 16 37 23 28 18

M stage

M0 (n = 82) 10 69 0.513* 50 22 0.317* 40 36 0.620* 38 23 1.000*

M1 (n = 5) 1 4 4 0 3 1 2 2

Overall stage

1 and 2 (n = 26) 1 25 0.160* 13 7 0.560 8 16 0.021 12 5 0.455

3 and 4 (n = 62) 10 49 41 16 35 22 29 19

Vascular invasion

Negative (n = 40) 2 36 0.101 20 34 0.217 18 17 0.794 18 10 0.861

Positive (n = 48) 9 38 12 11 25 21 23 14

Perineural invasion

Negative (n = 75) 4 7 <0.001 44 10 0.744* 37 31 0.585 35 22 0.699*

Positive (n = 13) 68 6 20 3 6 7 6 2

TRG

1, 2, 3 (n = 39) 4 33 0.749* 23 10 0.943 17 17 0.636 20 8 0.225

4, 5 (n = 49) 7 41 31 13 26 21 21 16

The frequency of observed clinicopathological variables is noted next to the variable subgroup. The P values are resultant from Pearson’s chi-

square test of association (v2) or Fisher’s exact test in a 2 9 2 table if a cell count was less than 5 (indicated by *). Significant P values are

indicated by bold font
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Multivariate survival analysis was performed by Cox

proportional hazards regression model. Independent Mann–

Whitney U tests were performed to test the H-scores

between patient cohorts. All differences were deemed

statistically significant at the level of P \ 0.05. Statistical

analysis was performed using SPSS 19.0 software (IBM

Corporation, NY, USA). Stratification cut-points were

determined using X-Tile software (Yale School of Medi-

cine, CT, USA) and were determined prior to statistical

analyses [17].

Results

Staining location and frequency

Expression of calpain-1, calpain-2, calpain-9 and calpast-

atin was located in the cytoplasm, with some degree of

heterogeneity within samples; a limited number of speci-

mens displayed nuclear protein expression. Typical stain-

ing patterns are shown in Fig. 1. In the neo-adjuvant cohort

calpain-1 had a mean H-score of 63 and range of 184,

calpain-2 had a mean H-score of 78 and a range of 255,

calpain-9 had a mean H-score of 35 and a range of 165, and

calpastatin has a mean H-score of 132 and a range of 290.

In the primary surgery cohort, calpain-1 had a mean

H-score of 96 and range of 175, calpain-2 had a mean

H-score of 79 and a range of 220, calpain-9 had a mean H

score of 33 and a range of 210, and calpastatin has a mean

H-score of 111 and a range of 290. X-tile was used to

generate cut-points for analysis; in the neo-adjuvant cohort

calpain-1 had a H-score cut point of 21 with 12.9 % (11/

85) of cases having low expression, calpain-2 had a cut

point of 110 with 70.1 % (54/77) of cases having low

expression, calpain-9 had a cut point of 35 with 63.1 %

(41/75) of cases having low expression, and calpastatin had

a cut point of 130 with 53.1 % (43/81) of cases having low

expression. In the primary surgery cohort, calpain-1 had a

H-score cut point of 102 with 50.4 % (64/127) of cases

having low expression, calpain-2 had a cut point of 48 with

28.9 % (33/114) of cases having low expression, calpain-9

has a cut point of 45 with 29.8 % (34/114) of cases having

low expression, and calpastatin had a cut point of 51 with

26.3 % (31/118) of cases having low expression. The

expression of each protein in both the neo-adjuvant and the

primary surgery cohorts is shown in Fig. 2; calpain-1 and

calpain-9 expression was significantly different between

the two patient cohorts (P \ 0.001), however no significant

difference was observed in the expression of calpain-2 and

calpastatin between patient cohort.

In the neo-adjuvant cohort, the expression of calpain-1

was not correlated with expression of calpain-2 (r = 0.169;

P = 0.158) or expression of calpastatin (r = 0.170;

P = 0.133); however calpain-2 expression did correlate

with calpastatin expression (r = 0.537; P \ 0.001). In the

primary cohort calpain-1 expression was not correlated

Fig. 1 Representative photomicrographs of high and low levels of

expression. a is high calpain-1 and b is low calpain-1 expression. c is

high calpain-2 and d is low calpain-2 expression. e is high calpastatin

and f is low calpastatin expression. g is high calpain-9 expression and

h is low calpain-9 expression photomicrographs are at 910 magni-

fication with 920 magnification inset box where scale bar shows

100 lm
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with calpain-2 expression (r = 0.071; P = 0.425), but did

correlate with expression of calpastatin (r = 0.341;

P \ 0.001). In addition, calpain-2 expression was corre-

lated with calpastatin expression in this cohort (r = 0.331;

P \ 0.001).

Relationship with clinicopathologic criteria

The expression of members of the calpain system was

assessed for association with clinicopathological variables,

which are shown in Tables 1 and 2. In the neo-adjuvant

cohort, high calpain-1 expression was associated with the

presence of perineural invasion (v2 = 22.793; degrees of

freedom (df) = 1; P \ 0.001) and high calpain-2 expres-

sion was associated with the site of the tumour

(v2 = 7.640; df = 2; P = 0.022). High calpastatin

expression was associated with low tumour category

(v2 = 6.3.02; df = 1; P = 0.012), lymph node negative

disease (v2 = 6.841; df = 1; P = 0.009), and lower

overall tumour category (v2 = 5.343; df = 1; P = 0.021).

In the primary surgery cohort high calpain-1 expression

was associated with the site of the tumour (v2 = 11.855;

df = 1; P \ 0.001) and lymph node negative tumours

(v2 = 3.992; df = 1; P = 0.046); calpain-2 expression

was associated with the site of the tumour (Fisher’s exact

P = 0.033). Calpain-9 and calpastatin expression was not

associated with any clinicopathological variables.

Relationship with clinical outcome

The expression of calpain-1, calpain-2 and calpastatin was

tested for association with clinical outcome in both the neo-

adjuvant and primary surgery cohorts. In the neo-adjuvant

cohort, low calpain-1, calpain-2 and calpastatin expression

was associated with adverse cancer-specific survival

(P = 0.004, P = 0.001 and P = 0.012 respectively)

(Fig. 3). In multivariate analysis, including tumour cate-

gory, node category, overall stage, vascular invasion, and

TRG status, calpain-1 calpain-2 and calpastatin expression

remained significant for cancer-specific overall survival

(hazard ratio (HR) = 0.337; 95 % confidence interval

(CI) = 0.140–0.81; P = 0.015, HR = 0.375; 95 %

CI = 0.165–0.858; P = 0.020 and HR = 0.481; 95 %

CI = 0.257–0.900; P = 0.022, respectively) (Table 3). If

calpain-1, calpain-2 and calpastatin expression are included

in the multivariate analysis against the same clinicopath-

ologic criteria, only calpain-1 remains significant (HR =

0.281; 95 % CI = 0.106–0.741; P = 0.010) (Table 3). In

the primary surgery cohort low calpain-1 and calpastatin

expression was associated with adverse cancer specific

survival (P = 0.001 and P = 0.013, respectively) (Fig. 4).

In multivariate analysis including tumour category, node

category, overall stage, vascular invasion, perineural

invasion and TRG status, both calpain-1 and calpastatin

expression remained significant for cancer-specific overall

Fig. 2 Calpain-1, Calpain-2,

Calpain-9 and calpastatin

H-scores stem and leaf plots for

neo-adjuvant and primary

surgery cohorts
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survival (HR = 0.309; 95 % CI = 0.159–0.601; P = 0.001

and HR = 0.418; 95 % CI = 0.205–0.850; P = 0.016,

respectively) (Table 4). If calpain-1 and calpastatin

expression are included in the multivariate analysis against

the same clinicopathologic criteria, only calpain-1 remains

significant (HR = 0.304; 95 % CI = 0.140–0.657; P =

0.002) (Table 4). Calpain-9 expression was not signifi-

cantly associated with adverse cancer-specific survival in

both neo-adjuvant (P = 0.184) and primary surgery

(P = 0.426) cohorts.

Discussion

Neo-adjuvant chemotherapy has been shown to reduce the

risk of death in gastro-oesophageal cancer; however there

are a number of patients that will not respond to chemo-

therapy who would have otherwise received surgery sooner

[1]. Furthermore, the efficacy of adjuvant chemotherapy in

patients who do not respond to neo-adjuvant chemotherapy

is unclear. The expression levels of calpain-1, calpain-2,

calpain-9 and calpastatin was investigated in gastro-

oesophageal cancers that were separated into two cohorts;

one treated with at least one cycle of pre-operative plati-

num-based neo-adjuvant chemotherapy and one cohort

receiving primary surgery. The expression of calpain was

determined in both cohorts due to the large difference in

treatment regimens and to correspond with current clinical

practice; furthermore, calpain activity has been implicated

in the in vitro response to 5-FU in gastric cancer [11].

Low calpain-1 expression was associated with adverse

cancer-specific survival in both the neo-adjuvant and

Table 2 Associations between calpastatin, calpain-1, calpain-2 and calpain-9 protein expression and various clinicopathological variables in the

primary surgery cohort

Variable Calpain-1 Calpain-2 Calpastatin Calpain-9

Low High P value Low High P value Low High P value Low High P value

Tumour differentiation

Poor (n = 78) 38 37 0.941 19 47 0.965 18 50 0.954 43 21 0.129

Moderate/well (n = 62) 26 26 14 34 13 37 31 13

Site of tumour

Gastric (n = 127) 53 63 0.001* 27 77 0.033* 27 80 0.476* 65 33 0.166*

GOJ (n = 13) 11 0 6 4 4 7 9 1

T category

T0-2 (n = 62) 25 31 0.250 15 37 0.983 12 43 0.402 35 12 0.243

T3-4 (n = 78) 39 32 18 44 19 44 39 22

N category

N0 (n = 33) 9 18 0.046 7 18 0.906 3 23 0.076 20 4 0.087*

N1-3 (n = 107) 55 45 26 63 28 64 54 30

M stage

M0 (n = 19) 14 3 1.000* 7 9 1.000* 5 12 0.333 14 2 0.176*

M1 (n = 2) 2 0 0 1 1 0 0 1

Overall stage

1 and 2 (n = 61) 23 30 0.182 15 34 0.734 11 41 0.262 35 11 0.145

3 and 4 (n = 79) 41 33 18 47 20 46 39 23

Vascular invasion

Negative (n = 44) 15 22 0.154 13 23 0.252 7 28 0.315 22 10 0.973

Positive (n = 96) 49 41 20 58 24 59 52 24

Perineural invasion

Negative (n = 75) 35 30 0.426 21 38 0.105 12 49 0.092 42 14 0.132

Positive (n = 65) 29 33 12 43 19 38 32 20

TRG

1, 2, 3 (n = 34) 14 15 0.832 7 21 0.653 10 19 0.261 22 6 0.171

4, 5 (n = 105) 49 48 25 60 21 67 55 28

The frequency of observed clinicopathological variables is noted next to the variable subgroup. The P values are resultant from Pearson’s chi-

square test of association (v2) or Fisher’s exact test in a 2 9 2 table if a cell count was less than 5 (indicated by *)

Significant P values are indicated by bold font
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primary surgery cohorts (P = 0.004 and P = 0.001,

respectively). This remained significant in multivariate

analysis including potential confounding factors (P = 0.015

and P = 0.001, respectively). This finding suggests that

calpain-1 expression could be used as a prognostic marker in

patients treated by surgery with or without neo-adjuvant

chemotherapy. Interestingly, it is low expression that is

associated with adverse clinical outcome; this is the opposite

of observations made in breast cancer [8] and ovarian cancer

[10], and it may be that the effect of calpain expression is

tumour-type specific. Similar observations were made for

low calpastatin expression and adverse cancer-specific sur-

vival in both the neo-adjuvant and primary surgery cohorts

(P = 0.012 and P = 0.013, respectively) which also

remained significant in multivariate analysis (P = 0.022 and

P = 0.016, respectively). Perhaps most interestingly, low

calpain-2 expression was significantly associated with

adverse cancer-specific survival in the neo-adjuvant cohort

(P = 0.001), which remained significant in multivariate

analysis (P = 0.020), but was not associated with cancer-

specific survival in the primary surgery cohort. No associa-

tions between calpain-9 and survival were observed. It is

unclear as to why low expression of calpain would be asso-

ciated with poor survival in gastric carcinomas, however

calpain expression is implicated in numerous cellular pro-

cesses such as apoptosis and migration [7]; it may be that

calpain expression is more closely linked with apoptosis in

gastric cancer. Furthermore, low gene expression of CAPN9

and CAPN8 have been described in gastric cancer, although

high calpain activity reduces chemosensitivity to 5-FU in

gastric cancer in vitro [11, 13]. This study assessed the

expression level of the calpain system, and it is important to

note that determining calpain expression cannot provide

any estimate of calpain activity levels. There are a small

number of antibodies that are able to detect calpain-cleavage

products to provide some estimation of relative enzyme

activity, however these antibodies require further opti-

misation in formalin fixed tissue, as well as in human

malignancies [18, 19].

This study describes the importance of the calpain sys-

tem in the prognosis of gastric adenocarcinoma patients. In

terms of the most clinically relevant protein to assess, it

could be argued that calpain-1 would provide the most

important prognostic information in both the neo-adjuvant

and primary surgery. This is because calpain-1 is signifi-

cantly associated with survival in multivariate analysis in

both the neo-adjuvant and primary surgery cohorts when

Fig. 3 Kaplan–Meier analysis of cancer-specific overall survival

showing the impact of calpain-1 (panel a), calpain-2 (panel b) and

calpastatin (panel c) expression in the cohort of gastro-oesophageal

cancer patients treated with neo-adjuvant chemotherapy with signif-

icance determined using the log rank test. The numbers shown below

the Kaplan–Meier survival curves are the number of patients at risk at

the specified month. Grey lines denote low protein expression, and

black lines denote high protein expression. Panel a: low-expression

group has 9 observations and 7 events and high-expression group has

66 observations and 39 events; panel b: low-expression group has 44

observations and 32 events and high-expression group has 23

observations and 11 events; panel c: low-expression group has

37 observations and 30 events and high-expression group has 34

observations and 16 events; where observations are the number of

observations per group and events are those patients who died of their

disease

c

J Gastroenterol (2013) 48:1213–1221 1219

123



various clinicopathological information (P = 0.015 and

P = 0.001 respectively), but also when other calpain sys-

tem members are included in the multivariate model

(P = 0.010 and P = 0.002, respectively).

The standard of care for gastro-oesophageal adenocar-

cinoma patients is neo-adjuvant chemotherapy and surgical

Table 3 Cox proportional hazards analysis for cancer-specific overall

survival for calpain-1 (A), calpain-2 (B) and calpastatin (C) and calpain-1,

calpain-2 and calpastatin (D) expression in the neo-adjuvant cohort

Variable Individual

P value

Sig. Exp(B) 95.0 % CI for

Exp(B)

Lower Upper

A

T category 0.010 0.275 3.284 0.388 27.797

N category 0.011 0.046 2.547 1.018 6.371

Overall stage 0.026 0.512 0.470 0.049 4.494

Vascular invasion 0.001 0.040 2.137 1.036 4.410

TRG 0.046 0.718 1.143 0.552 2.366

Calpain-1 0.015 0.337 0.140 0.811

B

T category 0.010 0.055 3.460 0.974 12.294

N category 0.011 0.148 2.058 0.774 5.473

Overall stage 0.026

Vascular invasion 0.001 0.362 1.450 0.652 3.224

TRG 0.046 0.790 0.902 0.423 1.925

Calpain-2 0.020 0.375 0.164 0.858

C

T category 0.010 0.352 1.576 0.604 4.111

N category 0.011 0.052 2.535 0.991 6.484

Overall stage 0.026

Vascular invasion 0.001 0.037 2.120 1.047 4.296

TRG 0.046 0.972 1.013 0.500 2.049

Calpastatin 0.022 0.481 0.257 0.900

D

T category 0.010 0.058 3.504 0.958 12.82

N category 0.011 0.119 2.213 0.814 6.020

Overall stage 0.026

Vascular invasion 0.001 0.405 1.449 0.605 3.469

TRG 0.046 0.829 1.087 0.506 2.336

Calpain-1 0.010 0.281 0.106 0.741

Calpain-2 0.145 0.503 0.200 1.266

Calpastatin 0.189 0.626 0.311 1.259

Exp (B) is used to denote hazard ratio, and 95 % CI is used to denote

95 % confidence interval

Significant P values are indicated by bold font

Fig. 4 Kaplan–Meier analysis of cancer-specific overall survival

showing the impact of calpain-1 (panel a), calpain-2 (panel b) and

calpastatin (panel c) expression in the cohort of gastro-oesophageal

cancer patients treated with primary surgery with significance deter-

mined using the log rank test. The numbers shown below the Kaplan–

Meier survival curves are the number of patients at risk at the specified

month. Grey lines denote low protein expression, and black lines denote

high protein expression. Panel a: low-expression group has 41

observations and 31 events and high-expression group has 43 obser-

vations and 17 events; panel b: low-expression group has 19 observa-

tions and 8 events and high-expression group has 57 observations and

34 events; panel c: low-expression group has 19 observations and 15

events and high-expression group has 61 observations and 30 events;

where observations are the number of observations per group and events

are those patients who died of their disease

c
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resection. This study investigated the protein expression

levels of calpain-1, calpain-2, calpain-9 and calpastatin in

surgically excised tumours treated with neo-adjuvant che-

motherapy or tumours that had not been previously

exposed to chemotherapy to show the importance of

expression levels of the calpain system. Calpain-1, calpain-

2 and calpastatin may be clinically relevant prognostic

biomarkers in gastro-oesophageal adenocarcinomas, and

these findings warrant further studies in larger cohorts of

patients.
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