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Calreticulin as a potential diagnostic biomarker for lung cancer
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Abstract Calreticulin (CRT) is an endoplasmic reticulum

luminal Ca2?-binding chaperone protein. By immunizing

mice with recombinant fragment (rCRT/39-272), six clones

of monoclonal antibodies (mAbs) were generated and

characterized. Based on these mAbs, a microplate chemi-

luminescent enzyme immunoassay (CLEIA) system with a

measured limit of detection of 0.09 ng/ml was developed.

Using this CLEIA system, it was found that soluble CRT

(sCRT) level in serum samples from 58 lung cancer

patients was significantly higher than that from 40 healthy

individuals (only 9 were detectable, P \ 0.0001). Among

them, serum sCRT in the small cell lung cancer was lower

than that in adenocarcinoma (P = 0.0085), while both

were lower than that in the squamous cell carcinoma

(P = 0.013, P = 0.0012, respectively). Moreover, it was

found that sCRT in sera from the patients after

chemotherapy was higher than that from the patients

without chemotherapy (P = 0.042). Further study by

immunohistochemistry showed that CRT was also highly

expressed in the cytoplasm and on the membrane of the

lung cancer cells, while there was a trace amount of CRT

expression in normal lung cells. Correspondingly, the

expression level of CRT on lung cancer cell membrane was

associated with the tumor pathological grade. This study

demonstrates that sCRT concentration in sera of lung

cancer patients is higher than that in sera of healthy indi-

viduals, and CRT expression level on lung cancer cell

membrane is associated with tumor pathological classifi-

cation and grade. These findings suggest that CRT may be

used as a biomarker in lung cancer prediction and

diagnosis.
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CLEIA Chemiluminescent enzyme immunoassay
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Introduction

Lung cancer is the leading cause of cancer-related mor-

tality worldwide. Approximately 1.4 million deaths and 1.6

million new cases are reported each year [1]. Some tumor

markers have been extensively studied in lung cancer, e.g.,

cytokeratin 19 fragment (CYFRA 21-1), carcinoembryonic
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antigen (CEA), and squamous cell carcinoma (SCC) anti-

gen; also, tissue polypeptide antigen (TPA) was used in the

diagnosis of non-small cell lung cancer (NSCLC); neuron-

specific enolase (NSE) was used to diagnose small cell

lung cancer (SCLC) [2, 3]. Although these tumor makers

for diagnosis in lung cancers exist, new methods for early

diagnosis of lung cancer must be investigated.

In 1974, CRT was isolated from the sarcoplasmic

reticulum (SR) of rabbit muscle. Further studies revealed

that it was a major Ca2?-binding protein in the endoplas-

mic reticula (ER) lumen [4]. After chemotherapies with

anthracyclins (dutriomycin), CRT translocated from the ER

to the cytosol, then subsequently to the cell surface. Pre-

vious experiments demonstrated that surface CRT can

serve as an ‘‘eat me’’ signal [5] and induce the immuno-

genic tumor cell death [6–8]. Additionally, CRT exposure

determines the engulfment of dying tumor cells by specific

DC subsets [8]. Thus, CRT exposure plays important roles

in tumor immunity.

There have been reports on the association between

CRT expression level and various diseases [9–17]. It has

been detected that there were higher levels of sCRT in the

sera of patients with autoimmune disease such as rheu-

matoid arthritis and systemic lupus erythematosus [9]. In

cancers, sCRT has been detected in sera of liver cancer

patients [10] and in the urine of bladder cancer patients

[11, 12]. In gastric cancer, it has been found that positive

immunohistochemical staining of CRT was correlated with

high microvessel density, lymph node spread, and poor

patient survival [13]. Further, CRT was also found to be

differentially expressed in colorectal cancer [14] and breast

cancer [15, 16]. As to lung cancer, it has been reported that

decreased CRT expression in lung cancer cell lines was

associated with an increased rate of proliferation of lung

cancer cells [17], which indicated the potential application

of CRT in diagnosis and therapy of lung cancer. Recently,

Soroush Merchant’s group found that the surface expres-

sion of CRT was highly increased after 1 h PhotofrinTM

-photodynamic therapy (PDT) treatment in Lewis lung

carcinoma (LLC) cells [18]. To further study the expres-

sion pattern and function of CRT in lung cancer, six clones

of mouse anti-CRT mAbs were cloned and characterized.

These six clones of mouse anti-CRT mAbs were used to

develop a CLEIA system. Using this CLEIA system, serum

CRT level in lung cancer patients was discovered to be

significantly higher than that in healthy individuals.

Moreover, the evaluation of the expression level of CRT in

lung cancer tissues by immunohistochemical staining dis-

covered that CRT expression level was correlated with

clinic pathological parameters of lung cancer patients.

These results suggested that CRT may be a novel prog-

nostic biomarker in lung cancer and may serve as a new

prospective therapeutic target for lung cancer.

Materials and methods

Samples from patients and healthy subjects

In 2010, 58 lung cancer patients (16 women and 42 men)

were interviewed and selected from the Respiration

Department of Xijing Hospital, Xi’an, China. With their

permission, peripheral blood was collected. Ages ranged

from 25 to 75 (median age, 57 years). Forty volunteers

from the freshman Class of 2010 at Fourth Military Med-

ical University (FMMU) were given physical examinations

by the Outpatient Center of FMMU. Healthy serum sam-

ples were collected from them and processed within 18 h

after collection. The serum samples were then stored at

-20�C until the time to be used. Commercially paraffin-

embedded microarrays (LC811) were purchased from

Alenabiochnologies (Alenabio Technologies, Xi’an,

China), which contained 80 lung cancer tissues of 80 dif-

ferent lung cancer patients and 10 normal lung tissues from

10 healthy individuals. The pathological types of the 80

lung cancer tissues were comprised of 17 squamous cell

carcinoma, 26 small cell lung cancers, and 37 adenocar-

cinoma, which contained 12 alveolar cell carcinoma. The

combined 90 samples (26 women and 64 men) ranged in

ages from 16 to 77 (median age of 53). The final diagnosis

of the lung cancer patients was made histologically on

surgically excised tissues using WHO criteria. The defini-

tions of pathology grades follow: G1—well differentiated;

G2—moderately differentiated; G3—poorly differentiated;

G4—undifferentiated; and Gx—unknown and unevaluated

degree of differentiation. As previously mentioned, the use

of all clinical materials was obtained with written informed

consent and approved by the Institutional Research Ethics

Committees.

Production of mouse mAbs to recombinant

CRT/39–272

Complete Freund’s adjuvant was mixed with 20 lg of

rCRT/39–272 antigen [9]. Female BALB/c mice (6 weeks

old) were immunized at day 0 by subcutaneous (s.c.)

injection. After 3 weeks, the mice were subsequently

immunized again with 20 lg protein in incomplete Fre-

und’s adjuvant by s.c. After another 3-week interval, the

third immunization was made using 20 lg protein by

intraperitoneal (i.p.) injection. Seven days after the last

immunization, mice were bled from the caudal vein, and

the serum titers were determined by indirect ELISA. The

immunized mice with high serum titers were boosted with

50 lg antigen by i.p. injection. Three days later, their

spleens were removed aseptically. Then, the splenocytes

and Sp2/0 murine myeloma cells were fused in the pres-

ence of polyethylene glycol (MW4000; Merck, Darmstadt,
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Germany). The positive hybrids were selected by ELISA

and subcloned five times using the limiting dilution

method. Mouse mAbs were produced from female BALB/c

mice in which hybridoma cells had been i.p. injected.

Immunoglobulin class and subclass determination of the

mAbs were performed using a mouse mAb isotyping kit

(Sigma, St. Louis, MO, USA) following the manufacturer’s

recommendations.

Sandwich ELISA

Six positive hybridoma clones secreting mouse mAbs

against rCRT/39-272 were obtained and named as FMU-

CRT 2, 8, 10, 17, 20, and 24, respectively. A portion of

100 ll FMU-CRT 2, 8, 10, 17, 20, and 24 (10 lg/ml in

coating buffer) was added to each well of the ELISA plate

(Corning-Costar, Corning, NY) and incubated overnight at

4�C. After extensive washing with PBS containing 0.1%

(v/v) Tween-20 (PBS/Tween), every well was blocked with

200 ll PBS containing 10% calf serum for 1 h at 37�C.

After washing again, standard rCRT/39–272 was serially

diluted with dilution buffer and 100 ll/well standards were

added to the wells, respectively. After incubation for 1 h at

37�C and 3 washings, the wells were reacted with FMU-

CRT 2, 8, 10, 17, 20, and 24 conjugated with HRP as a

detecting antibody that was diluted 1:500 in dilution buffer,

respectively. The plate was incubated for 1 h at 37�C with

3 washings before 100 ll/well of substrate solution con-

taining TMB was added. Next, the plate was incubated for

25 min at room temperature in a dark chamber. The reac-

tion was subsequently quenched with 2 M sulfuric acid

(50 ll/well), and the absorbance at 450 nm was measured

with a microplate reader (Bio-Rad, Hercules, CA).

Establishment of the CLEIA kit for sCRT

The white opaque 96-flat-bottomed well plates (Greiner,

Germany) were coated with FMU-CRT-17 mAb (10 lg/ml)

in coating buffer and incubated at 4�C overnight. After 3

washings with washing buffer, free binding sites of the

wells were blocked with 200 ll/well and PBS containing

10% calf serum for 1 h at room temperature. Afterward,

100 ll/well rCRT/39–272 which was serially diluted with

dilution buffer was added. Plates were incubated at 37�C

for 1 h with 3 washings. Then, the wells were reacted with

a detecting antibody FMU-CRT-8 mAb (100 ll/well) that

had been conjugated with HRP and diluted (1:3,000) in

dilution buffer. After incubation at 37�C for 1 h and 3 more

extensive washings, the chemiluminescent substrates

(mixture of SuperSignal ELISA femto luminol enhancer

solution and SuperSignal ELISA femto stable peroxide

solution, 100 ll/well) were added into the plates in a ratio

of 1:1. The chemiluminometric signal generated from the

HRP luminol H2O2 system was emitted and analyzed at the

Alpha InfoTech FluorChem FC2 Imaging System (Alpha

Innotech, USA). The standard protein and all clinical

samples were measured in duplicate.

Flow cytometry

The binding of mAbs to the CRT molecules on the cell

surface was determined by flow cytometry analysis (FCM).

After blocking with normal goat serum (10%), Jurkat cells

were incubated with FMU-CRT 2, 8, 10, 17, 20, and 24

mAbs, respectively. Mouse anti-staphylococcal enterotoxin

(anti-SED) mAb which prepared and identified previously

was used as the negative control [19]. After 2 washings in

Dulbecco’s PBS (DPBS), the cells were suspended in

DPBS containing a working dilution of fluorescein isothi-

ocyanate (FITC) labeled goat anti-mouse IgG (BioLegend,

USA) and were incubated at 4�C for 30 min. The cells

were washed, fixed, and then analyzed on a fluorescence-

activated cell sorter (FACScan) cytometer (Elite ESP,

Miami, FL, USA).

Western blot analysis

A total of 10 ug of rCRT/39-272 protein was electropho-

resed on 12% sodium dodecyl sulfate–polyacrylamide

electrophoresis gel and transferred to nitrocellulose mem-

branes (Amersham, Little Chalfont, UK). Membranes were

blocked and incubated with FMU-CRT 2, 8, 10, 17, 20, and

24 (1:1,000 mAb ascites) at 4�C overnight, respectively.

Normal mouse IgG was used as the negative control. After

4 washings, the membranes were reacted with HRP-labeled

goat anti-mouse IgG for 1 h at room temperature. After 4

washings, enhanced chemiluminescence reagent (Roche,

Indianapolis, IN, USA) was applied to the membranes that

were then exposed to the Alpha Innotech FluorChem FC2

Imaging System (Alpha Innotech, USA) according to the

manufacturer’s instructions.

Immunohistochemistry

A mixture of CHO cells and Jurkat cells was fixed in 4%

paraformaldehyde for 24 h followed by dehydration in

gradient ethanol and was made into a paraffin block. Then,

the paraffin block was cut at 5 lm thickness and mounted

on gelatin-coated slides. The slices were de-waxed,

hydrated, and incubated in peroxidase inhibitor for 30 min

to remove endogenous peroxidase. After blocking with

diluted goat serum (Sigma, USA), they were dipped into

mouse FMU-CRT 2, 8, 10, 17, 20, and 24 mAbs (diluted to

1:2,500) at 4�C overnight. Mouse anti-SED mAb was

applied as the negative control. After 3 washings in

PBS, the slices were dipped into HRP-conjugated goat
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anti-mouse IgG (Abcam, Cambridge, UK) for 30 min at

room temperature. Antigen–antibody complexes were

incubated with DAB chromogen and observed. Sections

were counterstained with Mayer’s hematoxylin for 2 min,

dehydrated through gradient ethanol, cleared in dimethyl

benzene, then mounted and examined using light micros-

copy (Olympus, Tokyo, Japan). The percentage of positive

cells was divided into five grades (percentage scores):

\10% (0), 10–25% (1), 26–50% (2), 51–75% (3), and

[75% (4). The intensity of the staining was divided into

four grades (intensity scores): no staining (0), light brown

(1), brown (2), and dark brown (3). CRT staining positivity

was determined using the following formula: overall

score = percentage score 9 intensity score. An overall

score of B1, [1 to B3, [3 to B6, and [6 was defined as

negative, weak positive, moderate positive, and strong

positive, respectively.

Statistical analysis

Each experiment was performed independently 3 times

with similar results, and one representative experiment was

presented. All statistical analyses were performed using the

statistical software package (SPSS for Windows, version

12.0; SPSS Inc; Chicago, IL). The differences of the three

groups of sCRT were analyzed using the one-way ANOVA

and the post hoc tests were LSD. Fitting of the curves were

performed with the GraphPad Prism software (version 4.0

for Windows, GraphPad Software, San Diego, CA). The

experimental curve was estimated by linear regression.

Results

Preparation and identification of mAbs to rCRT/39–272

Six positive hybridoma clones secreting mouse mAbs

against rCRT/39-272 were obtained and named as FMU-

CRT 2, 8, 10, 17, 20, and 24, respectively. The mouse Ig

isotypes of FMU-CRT 2, 8, 10, and 24 mAbs were IgG1,

while the isotypes of FMU-CRT 17 and 20 mAbs were IgM

(Table 1).

Flow cytometric analysis

The FCM analysis showed that FMU-CRT 10, 17, 20, and

24 could recognize the natural membrane CRT molecule

expressed on the human T cell lymphoblast-like line Jurkat

cells, which has been proven to express CRT on membrane

[20]. The positive percentages were 37.95, 38.76, 39.51,

and 28.21%, respectively. In contrast, FMU-CRT 2 and 8

displayed little reactivity, 2.96 and 4.12%, respectively

(Fig. 1A).

Western blot analysis

FMU-CRT 2, 8, 10, 17, 20, and 24 can probe the rCRT/39-

272 molecule that is 46 kDa by Western blot analysis,

while control antibody displayed negative reactivity

(Fig. 1B).

Immunohistochemistry

The immunohistochemistry results showed that FMU-

CRT-2 could recognize CRT-reactive substances located in

the Jurkat cells’ paraffin block slices, which were observed

by strong DAB staining in the cytoplasms (Fig. 1C.a). In

comparison with FMU-CRT-2, FMU-CRT 8, 10, and 17

could also recognize CRT-reactive substances located in

Jurkat cells moderately (Fig. 1C.b). FMU-CRT 20, 24, and

control antibody showed negative results (Fig. 1C.c, d).

Establishment of the sandwich ELISA system

for detecting sCRT

In order to determine the optimum combination of the

sandwich ELISA system, each of the aforementioned six

mAbs was labeled with HRP and then utilized as either the

coating or a detection antibody. The data shown in Fig. 2A

indicated that the highest number of the OD 450 nm

absorbance was obtained when FMU-CRT-17 mAb was

used as the coating antibody, and HRP-labeled FMU-CRT-8

mAb was used as the detection antibody. Compared with

this pairwise, other pairwises showed lower absorbance. As

expected, low or no counts were observed when the same

mAb was used as both the capture and detection antibody

(Fig. 2A). Further study by double diluted rCRT to make

standard curves confirmed that FMU-CRT-17 mAb as the

coating antibody and HRP-labeled FMU-CRT-8 mAb as

the detection antibody were the most satisfactory combi-

nation (Fig. 2B). The linear dynamic range was between

6.25 and 200 ng/ml. The detection limitation of sCRT was

0.39 ng/ml.

Table 1 Characterization of anti-CRT monoclonal antibodies

Clone number Class/subclass/

type

Ascites

titers

WB FCM IHC

FMU-CRT-2 IgG1/k 10-7 ? - ??

FMU-CRT-8 IgG1/k 10-6 ? - ?

FMU-CRT-10 IgG1/k 10-6 ? ? ?

FMU-CRT-17 IgM/k 10-7 ? ? ?

FMU-CRT-20 IgM/k 10-4 ? ? -

FMU-CRT-24 IgG1/k 10-5 ? ? -

FCM flow cytometry analysis, IHC immunohistochemistry, WB
Western blot, IgG immunoglobulin G, IgM immunoglobulin M,

?? strongly positive, ? positive, - negative
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Optimization of CLEIA for detecting sCRT

According to the results obtained from the sandwich

ELISA system above, a sandwich sCRT CLEIA system

was established by using FMU-CRT-17 mAb as the coating

antibody and HRP-conjugated FMU-CRT-8 mAb as the

detection antibody. To further improve the sensitivity of

CLEIA, FMU-CRT-17 (IgM) mAb was purified by gel

filtration chromatography column (superdexTM 200) and

FMU-CRT-8 (IgG1) mAb was purified by ion-exchange

chromatography column (Q Sepharose Fast Flow),

respectively. It is well known that optimization of the

appropriate dilution of HRP conjugate is one of the key

factors determining the sensitivity and working range

of CLEIA [21]. To reduce background noise and to obtain

maximized sensitivity in sCRT CLEIA, a series of

dilution ratios (1:600, 1:800, 1:1,500, and 1:3,000) of

HRP-labeled FMU-CRT-8 mAbs were tested. Finally, the

dilution ratio of HRP-labeled FMU-CRT-8 mAb 1:3,000

and the concentration of FMU-CRT-17 mAb of 10 lg/ml

were selected. Standard curves were obtained by plotting

relative light units (RLU) against the analyte concentra-

tion of CRT (Fig. 2C). The detectable limitation of

sCRT was improved from 0.39 ng/ml to 0.09 ng/ml by

CLEIA.

Determination of sCRT levels in sera of patients

with lung cancer

Using the sCRT CLEIA system, serum level of sCRT in 9

individuals among the 40 healthy volunteers could be

detected, which could not be detected by ELISA system

previously. The level of sCRT in lung cancer patients

(n = 58, median = 0.747 ng/ml, inter quartile range

Fig. 1 Identification and characterization of FMU-CRT 2, 8, 10, 17,

20, and 24 mAbs. A Reactivity of FMU-CRT 2, 8, 10, 17, 20, and 24

with membrane CRT identified by flow cytometric analysis. Jurkat

cells were stained with the control mAb (gray histogram) or FMU-

CRT 2, 8, 10, 17, 20, 24 (solid line), respectively. B Western blot

analysis showed FMU-CRT 2, 8, 10, 17, 20, and 24 could probe the

rCRT molecule, control antibody displayed negative reactivity.

C Identification of FMU-CRT 2, 8, 10, 17, 20, and 24 mAbs by

immunohistochemistry. The paraffin sections of a mixture of CHO

cells (CRT negative) and Jurkat cells (CRT positive) were stained

with FMU-CRT 2, 8, 10, 17, 20, 24, and the control mAbs,

respectively, and visualized by incubation with DAB chromogen.

Among these mAbs, FMU-CRT-2 (a), FMU-CRT-8 (b), FMU-CRT-

10, and FMU-CRT-17 (data not shown) could be used in immuno-

histochemistry. FMU-CRT-20 (c), FMU-CRT-24 (data not shown),

and the control mAb (d) were immunoreactive-negative. 9400
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(IQR) = 1.719 ng/ml, maximum = 5.766 ng/ml) was

significantly higher than that in healthy individuals

(P \ 0.0001) by CLEIA system (Fig. 3A). According to the

pathological type of lung cancer, we analyzed the serum

sCRT level of 58 patients with adenocarcinoma (n = 19,

median = 1.06 ng/ml, IQR = 1.147 ng/ml, maximum =

3.24 ng/ml), squamous cell carcinoma (n = 18, median =

1.365 ng/ml, IQR = 1.995 ng/ml, maximum = 5.766 ng/ml),

and SCLC (n = 21, median = 0.436 ng/ml, IQR = 0.617

ng/ml, maximum = 2.594 ng/ml). The results showed that

sCRT level in sera of the SCLC patients was significantly

lower than that in the other two types (Fig. 3B). Moreover,

sCRT level in sera of the lung cancer patients with chemo-

therapy (n = 46, median = 1.042 ng/ml, IQR = 1.327 ng/ml)

was higher than that of the patients without chemotherapy

(n = 12, median = 0.616 ng/ml, IQR = 0.859 ng/ml,

Fig. 3C), which indicated that the chemotherapeutic agents

may induce translocation and secretion of CRT in lung

cancer cells.

High expression level of CRT in human lung

cancer tissues

It has been reported that when tumor cells undergo

immunogenic apoptosis, CRT could transfer from ER

membrane to the cell surface [22]. In our study, CRT was

found to localize not only in the cytoplasm but also on the

membrane of the lung cancer cells (Fig. 4). Furthermore,

with the increasing pathological grade of malignant tumor,

the expression of CRT on the membrane of the cancer cells

correspondingly increased (Table 2). From G1 to G3, the

percentage of positive cases with CRT expression on the

cytomembrane in adenocarcinoma tissues (n = 24) was

rising correspondingly (0, 25 and 63.6%), while the per-

centage of CRT positive cases in the cytoplasm was

reduced correspondingly (100, 75, and 36.4%). The posi-

tive CRT only expressed in the cytoplasm of G1 and G2

squamous cell carcinoma tissues, but expressed both on the

cytomembrane and in the cytoplasm of G3 squamous cell

Fig. 2 Establishment of the CLEIA system with FMU-CRT-17 mAb

as coating antibody and HRP-conjucted FMU-CRT-8 mAb as

detection antibody to detect soluble CRT. A Each of the six mAbs

was used as coating antibody or as HRP-labeled detection antibody.

The optical density (OD) 450 nm absorbance was detected for each

antibody combination using sCRT concentration at 100 ng/ml.

Histograms represented means of triplicate determinations (bars
show mean with SD). B Standard calibration curves of sandwich

ELISA with three combinations of anti-sCRT mAbs. Plotted values

were obtained with 6.25, 12.5, 25, 50, 100, and 200 ng/ml rCRT by

sandwich ELISA as described in materials and methods. Line graph is

means of triplicate determinations. C Standard calibration curves of

sCRT CLEIA with FMU-CRT-17 as coating mAb and HRP-labeled

FMU-CRT-8 as detection mAb. Plotted values were obtained with

0.19, 0.39, 0.78, 1.56, 3.125, 6.25, 12.5, 25, 50, 100, and 200 ng/ml

rCRT. The inset was the amplification of 0.19–3.125 ng/ml rCRT
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carcinoma tissues, the positive proportion being 29%.

However, it was surprising that 46.1% of the tissues of

small cell lung cancer (G4) did not express CRT and only

11.5% of them expressed CRT on both of the cytomem-

brane and cytoplasm (Table 2). The concrete mechanisms

need further clarification.

Fig. 3 Detection of soluble CRT in sera. Serum samples (not diluted)

from patients were individually assayed for the presence of sCRT

using CLEIA, and the results are expressed as CRT concentrations

(ng/ml). A The level of the sCRT in sera of patients with lung cancer

(n = 58) and that of healthy human subjects (HS, n = 40). B The

level of the sCRT in sera of three different pathological types of

patient groups. SqCa: Squamous cell carcinoma (n = 18); SCLC:

small cell lung cancer (n = 21); AC: adenocarcinoma (n = 19).

C The level of the sCRT in sera of patients without (n = 12) and with

chemotherapy (n = 46). All the mean values were shown by

horizontal lines

Fig. 4 Different expression profile of CRT in lung cancer tissues.

A Squamous cell carcinoma tissue, G1, CRT expression was found

predominantly Cy positive. B Adenocarcinoma tissue, G1, Cy

positive. C SCLC, Cy positive. D Squamous cell carcinoma tissue,

G3, CRT expression was gradually translocated to the Cm.

E Adenocarcinoma, G3, Cy and Cm positive. F SCLC, Cy and Cm

positive. The arrows in A, B and C represent the positive CRT

expression in Cy. The arrows in D, E and F represent the positive

CRT expression in Cm. Cy cytoplasm, Cm cytomembrane. 9400
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Discussion

CRT was given the name HACBP (high-affinity calcium-

binding protein) in 1974. Until 1989, the cDNA encoding

this Ca2?-binding protein was isolated. In order to

acknowledge both its Ca2?-binding properties and its

localization to the ER lumen, HACBP was renamed CRT

[4]. However, now it is recognized as a multifunctional

protein not only expressed in the cytoplasm but also on the

cellular surface, in serum, and in the extracellular matrix

[20]. On these different locations, CRT has been shown to

be required for antigen processing and presentation for the

adaptive immune response [23, 24], phagocytosis of

apoptotic cells [5], cell adhesion, migration [25–27], and

cellular proliferation [27]. Because of CRT’s role in these

biological activities, this ER-resident protein is emerging

as a critical mediator of physiological and pathological

processes. More importantly, it has been found that the

process of immune-mediated destruction of cancer cells is

dependent on the cell surface expression of CRT [8, 22–24,

28–30]. The translocation and exposure of CRT and the

uptake of CRT-expressing cancer cells by dendritic cells

[24, 31] dictate the immunogenicity of tumor cell death

[8, 23, 29].

It has been reported that CRT could be a biomarker in

bladder cancer [11]. The measurable dynamic range of the

ELISA system used in that paper was from 0.5 to 1,000 ng/ml,

but the urinary CRT of non-bladder cancer group was

\0.5 ng/ml [11]. Therefore, there is a limitation for the

detection of sCRT. Another sandwich ELISA system pre-

viously reported could only detect sCRT in sera from

23.3% RA patients and 21.9% SLE patients and could not

detect sCRT in any of the 48 serum samples from healthy

subjects [9]. Thus, new detecting systems for measuring

sCRT sensitively need to be developed further.

CLEIA is an enhanced chemiluminescent immunoassay

with high sensitivity, wide dynamic range, and suitability

for miniaturization. It has been reported that the sensitivity

of the chemiluminescent reaction often exceeds that of

radioactivity assays [21]. Based on the sandwich ELISA

system, a CLEIA system was developed for detecting

serum sCRT with the measured limit of detection (LOD)

0.09 ng/ml. Using this CLEIA system, it has been found

that all the serum sCRT of lung cancer patients and 9 out of

40 healthy subjects were detectable.

The association between CRT expression and various

diseases has been previously reported. A higher amount of

CRT was found in the urine samples of patients with

bladder cancer, and CRT was proposed as a biomarker in

bladder cancer [11]. It has been reported that over

expression of CRT or CRT fragments in tumor cell lines

enhanced in migration and invasion [32, 33]. In gastric

cancer, positive immunohistochemical staining of CRT

was correlated with high microvessel density, lymph node

spread, poor patient survival, and enhanced gastric cancer

cell proliferation and migration [13]. It was observed that a

potential correlation of CRT over expression with axillary

lymph node metastasis in breast cancer patients [15].

However, other studies have reported alternative roles for

CRT. In neuroblastoma, positive immunohistochemical

staining for CRT was correlated with better prognosis and

patient survival [34]. In lung cancer cell lines, it was

reported that the reduction in expression of CRT was

associated with an increased rate of proliferation [17]. In

this study, it has been found that sCRT level in sera of lung

cancer patients is significantly higher than that in the

healthy individuals. Corresponding to this, the lung cancer

tissues were also shown positive CRT immnohistochemical

staining while normal lung tissues were negative. The

percentage of positive CRT immunostaining on membrane

of lung cancer cells increased as the tumor histology

became differentiated.

Since lung cancer of different histological types shows

various characteristics in invasion, metabasis, prognosis,

and reaction to chemotherapy or radiotherapy, the expres-

sion level of sCRT in sera of different histological type

Table 2 Expression of CRT in

different pathological types of

lung cancer

Cy cytoplasm, Cm
cytomembrane

Type Pathological grade Cases Positive (n%) Negative (n%)

Cy Cy ? Cm

Adenocarcinoma G1 6 6 (100) 0 0

G2 8 6 (75.0) 2 (25.0) 0

G3 11 4 (36.4) 7 (63.6) 0

Alveolar cell carcinoma 12 11 (91.6) 1 (8.3) 0

Squamous cell carcinoma G1 4 4 (100) 0 0

G2 6 6 (100) 0 0

G3 7 5 (71.4) 2 (28.6) 0

Small cell lung cancer G4 26 11 (42.3) 3 (11.5) 12 (46.1)

Normal lung tissue 10 0 0 10 (100)

Total 90
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lung cancer patients was detected. It was observed that

sCRT levels in sera of adenocarcinoma patients (med-

ian = 1.04 ng/ml) and squamous cell carcinoma patients

(median = 1.35 ng/ml) were higher than that in the small

cell lung cancer patients (median = 0.42 ng/ml). Corre-

sponding to this, almost all of the adenocarcinoma and

squamous cell carcinoma tissues expressed CRT, while

only 14 out of 26 (53.8%) small cell lung cancer did.

Although the tissue and serum samples in this study were

not from the same patients, sCRT levels in sera of lung

cancer patients of different histological types were con-

sistent with the CRT membrane expression of lung cancer

patients of different histological types. So the results of our

study suggest that the expression profile of CRT is asso-

ciated with the pathological type of lung cancers.

It has been reported that the translocation of CRT is

induced upon treatment for tumor cells with anthracyclins,

oxaliplatin, and ionizing irradiation, but other cell death

inducers targeting ER (tunicamiycin and brefeldin), mito-

chondria (arsenite, betulinic acid, and C2 ceramide), or

DNA (Hoechst 33342, camptothecin, etoposide, and mito-

mycin C) fail to induce CRT exposure and immunogenic

cell death [23]. In this research, sCRT level in sera of

patients after chemotherapy was higher than that of patients

without chemotherapy. This is at least in part consistent

with the previous report.

In conclusion, CRT was observed to be overexpressed in

lung cancer tissues. Moreover, the percentage of positive

CRT immunostaining on membrane of lung cancer cells

increased as the tumor histology became differentiated,

thus demonstrating that sCRT expression increased in sera

of lung cancer patients and correlated with the lung cancer

pathologic type. The low expression of CRT in the cyto-

plasm, on the membrane, and in sera in small lung cancer

may represent a new mechanism of immune escape and the

increasing expression level of CRT on the membrane may

indicate new therapy strategies for high malignant lung

cancers.
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