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ABSTRACT
Background The Ras-like GTPases, RalA and RalB, are members of the Ras superfamily
of small GTPases. Aberrant activation of Ral is a major cause of human tumorigenesis
induced by oncogenic Ras. Serum anti-RalA antibodies are induced in esophageal
carcinoma patients. However, detailed comparisons of their pathological characteristics
are unavailable, and conventional serum markers have not been well evaluated.
Methods Serum samples of 171 patients with esophageal squamous cell carcinoma and 73
healthy individuals were analyzed using specifically developed ELISA system for serum
anti-RalA antibodies. A cut-off optical density value was fixed at 0.255 (the control
mean + 2 SD). Clinicopathological characteristics and positive rates of conventional
tumor markers were evaluated for seropositive patients.
Results Overall positive rate for serum anti-RalA antibodies was 18 %, which gradually
increased with the tumor stages. Although the positive rate for serum anti-RalA antibodies
was comparable with that of carcinoembryonic antigen (24 %) and CYFRA21-1 (21 %), it
was lower than the rate for serum p53 antibodies (31 %) and squamous cell carcinoma
antigen (37 %). Although serum anti-RalA antibodies were not associated with other
serum markers, it was inversely associated with serum p53 antibodies. No clear
association was observed between serum anti-RalA antibodies and RalA immunoreactivity.
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Conclusions Presence of serum anti-RalA antibodies is associated with tumor stages but
not with conventional tumor markers. Serum anti-RalA antibodies may be candidate serum
markers in combination with other serum markers for esophageal squamous cell
carcinoma.

(232 WORDS)

Keywords: RalA, serum autoantibody, tumor marker, esophageal cancer, ELISA

Abbreviations
CEA, carcinoembryonic antigen; SCC, squamous cell carcinoma; OD, optical density;
s-RalA-Abs, serum RalA antibodies; s-p53-Abs, serum p53 antibodies
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Introduction
The Ras-like GTPases, RalA and RalB, are members of the Ras superfamily of small GTPases.
These GTPases are aberrantly induced during the tumorigenesis by oncogenic Ras. Recent
evidence suggests that Ral signaling pathways may be potential therapeutic targets for the
treatment of human cancers [1]. Because human cancers often contain RAS mutations [2],
Ras-like GTPases have been studied to develop novel therapeutic strategies. RalA and RalB
have been implicated in diverse cellular functions in cancers [3] and are the key molecules of
cancer phenotypes [4] and also of cellular migration, invasion, and metastasis [5]. RalA has
been analyzed in various cancers, including pancreatic cancer [6], colorectal cancer [7], lung
cancer [8, 9] and various squamous cell carcinomas [10, 11]. Recently, autoantibodies against
tumor antigens have been reported as potential biomarkers for esophageal carcinoma [12-15].
Serum anti-RalA antibodies (s-RalA-Abs) have been detected in patients with hepatocellular
carcinoma [16] and esophageal carcinoma [17]. However, pathological characteristics and
conventional serum markers have not been well evaluated to compare their clinical significance.
Here, we tested serum samples from patients with esophageal squamous cell carcinoma (SCC)
and healthy individuals for presence of s-RalA-Abs. We analyzed clinicopathological
characteristics and compared the positive rates of conventional serum markers [18, 19].

5
RalA antibody in esophageal cancer
Esophagus
Nanami T and Shimada H et al.
Material and methods
Collection of sera.
Sera samples were obtained from 171 patients with histologically proved esophageal SCC
before the treatment and from 73 healthy donors. Out of esophageal SCC samples, 50 samples
were obtained from BioBank Japan and 121 samples were obtained from Chiba Cancer Center.
Synchronous or metachronous (within 5 years) malignancies other than carcinoma in situ were
excluded. Written informed consents were obtained from all subjects. These samples were
unlinkable anonymized. Each serum sample was centrifuged at 3,000 × g for 5 min and the
resulting supernatant was stored at −80°C until further use. Repeated thawing and freezing of
the samples were avoided. This study was approved by the institutional review boards of Chiba
Cancer Center (#21-26) and Toho University School of Medicine (#22-112, #22-047).
Purification of the recombinant RalA.
RalA construct inserted in pET28 plasmid, expressing the N-terminal His-tagged protein, was
provided by Dr Jian-Ying Zhang (The University of Texas, El Paso, TX). The details of this
procedure have been described previously [15]. The recombinant protein was expressed in
Escherichia coli BL21-CodonPlu (DE3)-RIL and dissolved in 8 M urea-PBS. RalA extract was
applied to Ni Sepharose 6 Fast Flow medium (GE Healthcare UL Ltd, Buckinghamshire, UK).
The column was washed with 50 mM imidazole in 8 M urea-PBS. Purified RalA recombinant
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protein was eluted with 500 mM imidazole in 8 M urea-PBS. The expression and purity of the
recombinant protein were examined using 12.5% SDS-PAGE. Using DNA-sequencing analysis,
we confirmed that the constructed plasmid contained the inserted gene.
ELISA to detect s-RalA-Abs.
Sera from patients and healthy controls were analyzed by ELISA as described previously using
RalA instead of NY-ESO-1 [15]. Briefly, the purified recombinant proteins were placed in
96-well microtiter plates (Maxisorp, Nunc, Rochester, NY). RalA was diluted in PBS to a final
concentration of 1.0 μg/ml and added to the plates (100 μl/well), which were then incubated
overnight at 4°C. PBS was used as a control. After two washes with PBS, the proteins were
blocked with 200 μl of PBS containing 1% bovine serum albumin (BSA) and 5% sucrose at
room temperature for 3 h. All human sera were diluted (1:100) in PBS containing 0.15%
Tween-20, 1% casein, and 0.2 mg/ml E. coli extract. Then, 100 μl of the diluted sera was added
to each RalA- or PBS-coated well and incubated at room temperature, while agitating at 250
rpm for 60 min. After washing with PBS containing 0.05% Tween-20 (PBST) four times, 100 μl
of HRP-conjugated antihuman IgG (1:5000; MBL, Nagoya, Japan) diluted in 20 mM HEPES,
135 mM NaCl, 1% BSA, and 0.1% hydroxiphenylacetic acid was added to each well as a
secondary antibody. The plates were incubated at room temperature, while agitating at 250 rpm
for 60 min. The wells were washed four times with PBST buffer, and autoantibodies were
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detected by adding 100μl of 3,3′,5,5′-tetramethylbenzidine substrate. After incubation at room
temperature for 30 min, the reaction was stopped by adding 0.25 N H2SO4 (100 μl/well).
Absorbance was measured at 450 nm using a SUNRISE Microplate Reader (Tecan Japan Co.,
Ltd, Kawasaki, Japan). RalA signals were evaluated by calculating the difference between
absorbance values for the wells containing RalA and PBS. Serum p53 antibodies (s-p53-Abs)
[13], SSC antigen (SCC-Ag) [18], and carcinoembryonic antigen (CEA) and CYFRA21-1
markers [19] were also evaluated as described previously.
Immunohistochemical analysis for RalA expression.
A total of 25 surgically resected esophageal squamous cell carcinoma specimens and adjacent
normal tissues, obtained at Toho University Hospital, were evaluated for RalA
immunoreactivity. Briefly, formalin-fixed paraffin-embedded tissues were sectioned by 4µm
thickness. Sections were deparaffinized after treatment with Cell Conditioning 1 (CC1, Ventana
Medicals Systems). Immunoperoxidase staining for RalA with mouse monoclonal antibody
(clone 8/RalA, DB Transduction Laboratories, San Jose, CA, USA) were performed by Ventana
Benchmark XT (Ventana Medical Systems, Inc., Tucson, AZ 85755 USA) automated slide
staining system. Monoclonal RalA antibody was diluted to 1/2000, and used with iVIEW DAB
detection kit (Ventana Medical Systems) and Endogenous Biotin blocking kit (Ventana Medical
Systems). Primary antibodies were reacted for 16 min at room temperature. Immunoreactivity

8
RalA antibody in esophageal cancer
Esophagus
Nanami T and Shimada H et al.
were visualized by Ventana’s DAB detection kits; iView DAB detection kit (Ventana Medical
Systems) and counter stained with Hematoxylin II (Ventana Medical Systems) and Bluing
Reagent (Ventana Medical Systems). Human brain and placenta tissues were used as positive
controls for RalA expression. REAL Antibody Diluent (Dako, Tokyo, Japan) was used instead
of the primary antibody as a negative control.

Statistical analyses.
Fisher’s exact (two-sided) probability test and Mann–Whitney U test were used to determine the
significant differences between the two groups. All statistical analyses were conducted using the
Stat View 5.0J program for Windows (SAS Institute Inc., Cary, NC). P-value < 0.05 was
considered statistically significant.

Results
s-RalA-Abs titer.
Optical density (OD) values (mean ± SD) of s-RalA-Abs were significantly higher (P < 0.001)
for the 171 patients with esophageal SCC (0.330 ± 0.583) than for the 73 healthy donors (0.117
± 0.069; Fig. 1). S-RalA-Abs levels were divided into two groups: normal OD values, below
the border level of 0.255 (calculated as the mean + 2 SD of the values in healthy donors) and
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abnormal, or positive, values that were higher than 0.255. The positive rate of s-RalA-Abs was
18% in patients with esophageal SCC and 4% in healthy controls. The positive rates of
s-RalA-Abs at each tumor stage gradually increased: 9.7% at stage I, 13% at stage II, 16% at
stage III, and 30% at stage IV (Fig. 2).
Clinicopathological characteristics, conventional serum markers, and presence of
s-RalA-Abs.
The four serum markers were analyzed simultaneously with s-RalA-Abs in 78 of 171
individuals (Table 1). No statistically significant differences were found between
s-RalA-Abs-positive patients and s-RalA-Abs-negative patients for sex, age, depth of the tumor,
and lymph node status. TNM cancer stage was significantly more advanced in
s-RalA-Abs-positive patients than in s-RalA-Abs-negative patients (P = 0.038). The overall
positive rate of s-RalA-Abs was comparable with that of CYFRA21-1 (21%) and CEA (24%);
however, it was lower than the rate for s-p53-Abs (31%) and SCC-Ag (37%; Fig. 3). We did not
find any associations between the rates of s-RalA-Abs and CYFRA21-1, CEA, or SCC-Ag.
Interestingly, s-p53-Abs-negative patients were more likely to have positive rates of
s-RalA-Abs than s-p53-Abs-positive patients (P = 0.052). Among possible pairwise
combinations of the five serum markers, s-RalA-Abs and s-p53-Abs showed the highest
positive rate (40%).
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Immunoreactivity of RalA in esophageal squamous cell carcinoma tissues.
Compare to normal tissues (Fig. 4A, 4C), carcinoma tissues were strongly positive for RalA
expression (Fig. 4B, 4D). Out of 25 tumors, 19 tumors were strongly positive at membrane but
relatively weak positive at cytoplasm (Fig. 4B). On the other hand, six tumors were strongly
positive at both membrane and cytoplasm (Fig. 4D). A total of five patients were positive for
s-RalA-Abs and 20 patients were sero-negative. Three (60%) of five sero-positive tumors were
strongly positive for both membrane and cytoplasm. On the other hand, only three (15%) of 20
sero-negative tumors were positive for both membrane and cytoplasm. Although the difference
was

The tumors, those express RalA at both membrane and cytoplasm, more likely induce

s-RalA-Abs (P=0.07).

Discussion
In the present study, the positive rate of s-RalA-Abs in patients with esophageal SCC was 18%,
comparable with the results of a previous study [17]. The positive rate of patients with
esophageal SCC gradually increased with elevated tumor stages. Although the overall positive
rate and stage I positive rate of s-RalA-Abs were not higher than those of the other serum
markers, they were not associated with the positivity for these markers. Therefore, combination
assay should increase positive rate even in stage I disease.
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Notable, presence of serum anti-RalA antibodies were inversely associated with presence
of serum p53 antibodies. S-RalA-Abs-positive patients were more likely to be
s-p53-Abs-negative. Such reverse serum status could have possibly resulted from the
interaction between RalA and p53. Tecleab et al. have recently found that down regulation of
RalA results in stabilization and reactivation of p53. This, in turn, results in the inhibition of the
malignant transformation of cancer cells that harbor wild-type p53 and mutant K-Ras [20].
Because presence of s-RalA-Abs did not depend on s-p53-Abs or other serum marker levels, a
combination assay could be more useful in practice than single assays.
Immunoreactivity pattern of RalA in esophageal SCC was similar to non-small cell lung
cancer [9]. Guin et al. discussed that high RalA membrane expression trended toward poorer
overall survival [9]. Although a small number of tumors were evaluated, we found that the
tumors, expressing RalA at both membrane and cytoplasm, more likely induce s-RalA-Abs.
Further investigation in larger series of tumors to evaluate the association between RalA
immunoreactivity pattern and presence of s-RalA-Abs is needed in the future.
Recently, a molecular therapy targeting Ral GTPase has been reported as a promising
strategy for Ral-dependent cancers [21]. Examination of the RalA immunoreactivity in tumor
specimens could be a companion diagnostic tool for patient selection for such therapy. Because
of the possible association between presence of s-RalA-Abs and immunoreactivity, s-RalA-Abs
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could be used as an alternative biomarker for such molecular targeting therapies in future trials.
RalA was reported to be associated with aggressive clinicopathological characteristics and
progression of squamous cell carcinoma [10, 11], s-RalA-Abs could be biomarker to predict
tumor recurrence and patients’ survival. Unfortunately, majority of the samples were unlinkable
anonymizing. Also only a few patients were treated with chemotherapy and/or radiation therapy.
Therefore, we could not assess the clinical impact of s-RalA-Abs on patients’ survival and
response to treatment. Further studies are warranted to evaluate the prognostic and/or biological
impact of s-RalA-Abs. Moreover, because RalA regulates cellular survival after ionizing
radiation [22], examining the effect of the s-RalA-Abs levels on the response to chemoradiation
therapy could be a potential research theme.
In conclusion, in the patients with esophageal SCC, presence of s-RalA-Abs was observed,
independent of other conventional serum markers, except for s-p53-Abs. We believe that
s-RalA-Abs may be a useful serum marker, in combination with other serum markers, for
patients with esophageal SCC. We need further prospective multi-institutional studies to
evaluate the sensitivity and specificity of s-RalA-Abs combined with other serum tumor
markers.
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Figure legends

Fig. 1. Distribution of antibody titers in 171 patients with esophageal squamous cell carcinoma
and 73 healthy controls evaluated for serum anti-RalA antibody titers. The position of the
cut-off value (mean for healthy controls + 2 SD = 0.255) is shown.

Fig. 2. Positive rates of serum anti-RalA antibodies in patients with esophageal squamous cell
carcinoma according to tumor stages.

Fig. 3. Comparison of positive rates of various serum markers in patients with esophageal
squamous cell carcinoma.

Fig. 4. Immunoreactivity of RalA in esophageal squamous cell carcinoma.

Figure 1. Graph showing distribution of antibody titers in patients with 171 esophageal squamous
cell carcinoma and 73 healthy controls were evaluated for serum anti-RalA antibody titers. The
position of a cut-off value (mean of healthy controls + 2 standard deviations = 0.255) is shown.
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Figure 2. Positive rates of serum anti-RalA antibodies in patients with
esophageal carcinoma according to tumor stages.
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Table 1. Comparisons of clinicopathological characters and conventional serum markers of
patients with serum RalA antibodies.

Variables
Gender
Age
TNM stage
Depth
Lymph node
CYFRA21-1
CEA
p53-Abs
SCC-Ag

Total

RalA-Abs (+) P values

(n=78)

(n=14)

Male

66

11

Female

12

3

65<

50

11

65>

28

3

I+II

31

2

III+IV

47

12

T1+T2

34

3

T3+T4
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11

Negative

23

2

Positive

55

12

Negative
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9
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5
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8
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1
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6
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8
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0.038
0.135
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0.052
0.127

Figure 3. Comparison of positive rates of various serum markers in patients with
esophageal carcinoma.
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Figure 4. Immunoreactivity of RalA in esophageal squamous cell carcinoma.
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