
Abstract. The significance of dissecting the lateral pelvic
lymph node (LN) for lower rectal cancer remains controversial.
We detected the lateral sentinel node (SN) by indocyanine
green (ICG) and micrometastases using carcinoembryonic
antigen (CEA)-specific reverse transcriptase-polymerase chain
reaction (RT-PCR). Twenty-five patients who underwent
curative surgery with a dissection of the lateral pelvic LNs
between 2003 and 2005 were examined. We investigated the
existence of lateral SNs and any associations between
pathological metastases and micrometastases by RT-PCR.
Lateral SNs were detected in 7 (28%) of the 25 patients. The
number of lateral SNs was 13 LNs, or 1.9 nodes per case.
Of the 25 cases, 7 had lateral LN metastases based on
pathological examinations in dissected lateral LNs. Three
cases had massive lateral LN swelling by pre-operative pelvic
CT and the SNs were not detected in them. The SNs were
detected in two cases and were negative based on pathological
examinations and positive according to a genetic diagnosis.
SNs were detected in one case, which was positive based on
pathological examinations and a genetic diagnosis. SN was
not detected in one case. There were five SNs in which CEA
was positive by RT-PCR, though only one of them was
positive based on pathological examinations. No SNs were
observed that were negative based on a genetic diagnosis, but
were positive according to the pathological diagnosis. We

detected the lateral SNs using ICG. The sensitivity of identi-
fying lateral LN metastasis was improved by the use of a
genetic diagnosis. However, the detection rate was still low,
therefore we need to develop a new method for detecting SNs.

Introduction

Metastasis to the regional lymph node (LN) is an important
prognostic factor, which is used for clinical decision-making
regarding the selection of the most appropriate cancer
treatment. The development of locoregional recurrences and
distant metastases accounts for most of the deaths. Adequate
tumor staging, including an evaluation of the presence of
regional LN metastases at the time of diagnosis, is essential,
since it constitutes the most important prognostic factor (1-5).
Local recurrence develops in about half of all patients with
advanced rectal cancer, especially in the lower rectum, who
underwent a potentially curative resection (6). Although
many trials consisting of extended surgery, adjuvant
chemotherapy and radiotherapy were carried out to prevent
local recurrence after curative surgery, no significantly
favorable results have yet been reported. Since the early 1980s,
the results of a lateral pelvic LN dissection (LPLD) for rectal
cancer have improved steadily, although LPLD performed in
Japan at that time often caused urinary and sexual dysfunction
(7,8). Since the beginning of the mid 1980s, colorectal
surgeons in Japan have sought to improve their surgical
techniques to either alleviate or prevent functional
disturbances and to individualize the operative procedures
according to the local extent of the cancer without increasing
the risk of local recurrence. These efforts have led to the
development of various procedures developed with the goal
of pelvic autonomic nerve preservation (9).

The sentinel node (SN) concept was first advocated by
Morton et al (10) in patients with melanoma. Sentinel node
navigation surgery (SNNS) for breast cancer and malignant
melanoma can accurately assess LN dissection areas
(11,12). The SN concept was recently applied to cancers of
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the gastrointestinal tract (13-16). If SNNS can be applied to
lower rectal cancer, unnecessary LPLD can be omitted and
personalized lymphadenectomy may be possible.

Some authors reported the clinical significance of LN
micrometastasis detected by either immunohistochemistry
(IHC) or reverse transcriptase-polymerase chain reaction
(RT-PCR) (17-20). The aim of this study was to investigate
whether the SN concept by indocyanine green (ICG) is a
useful indicator of lateral region lymph node involvement in
lower rectal cancer patients. In addition, we investigated the
significance of the lateral SNs for lower rectal cancer based
on micrometastasis as determined by RT-PCR.

Patients and methods

Patients. In our hospital, Stage II or III [clinically staged
according to the tumor node metastasis (TNM) classification
of UICC (Union International Contre le Cancer) (21)] middle
or lower rectal cancer, located at or below the peritoneal
reflection, is an indication of LPLD. Twenty-five patients
with lower rectal cancer, who were preoperatively diagnosed
to have Stage II or III of the disease, were investigated. The
patients were clinically diagnosed before surgery based on
the findings of a colonoscopy, Ba-enema, CT and MRI. All
underwent curative surgery with LPLD at our department of
surgery between January 2003 and April 2005. These patients
(n=25) included 12 (48%) males and 13 (52%) females, with
a mean age of 58.8±10.5 years (±SD, range, 41 to 77 years).
The tumor lower levels were located at or below the peritoneal
reflection. None of the patients had undergone either
preoperative chemotherapy or irradiation (Table I). This study
was approved by the Human Ethics Review Committee of
the Osaka Medical Center for Cancer and Cardiovascular
Diseases and a signed informed consent form was obtained
from each patient.

Detection of the lateral SNs. Before laparotomy, a fine
needle (26-gauge) was inserted into the submucosal layer via
the anus at three sites anal sides of the tumor circumferentially,
and dye, indocyanine green (ICG) (Diagnogreen; Dai-Ichi
Pharm Co Ltd, Tokyo, Japan) was then gently injected. The
total amount of injected dye was 5 ml (25 mg) for each patient.
After the laparotomy, the lateral vesical and obturator spaces
were opened between the lateral aspect of the internal iliac
vessels and the pelvic wall. In addition, we observed the lateral
pelvic adipose tissue around the internal iliac arteries and the
obturator spaces with macroscopic observation. Sixty minutes
after the ICG injection, we were able to identify the SNs
around a lateral lesion and then performed a rectal resection
and lateral pelvic LN dissection with autonomic nerve
preservation. Even though we could not detect the lateral SN,
we performed the same operation.

Tissue preparations. Each SN was immediately cut into
halves individually to prevent RNA cross-contamination
between specimens. One half of the node was fixed with 10%
buffered formalin and was then embedded in paraffin for
H&E staining. The other half was stored in RNALater
solution (Ambion, Austin, TX) at -20˚C until RNA
extraction.

RNA extraction from SN specimens and RT-PCR. Tissue
specimens were minced with RNase-free disposable pellet
pestles (Kimble Kontes, Vineland, NJ) in TRIzol Reagent
(Invitrogen, Carlsbad, CA). RNA extraction was carried out
according to the protocol recommended by the manufacturer.
Purified RNA was quantified and assessed for purity by UV
spectrophotometry. Complementary DNA (cDNA) was
generated with a transcriptor first-strand cDNA synthesis kit
(Roche Diagnostics, Mannheim, Germany) according to the
protocol provided by the manufacturer. The RT reaction was
performed in a total of 20 μl at 50˚C for 60 min, followed by
heating at 85˚C for 5 min.

All PCR analyses were performed using LightCycler
(Roche Diagnostics) and a real-time monitoring thermal
cycler, for the rapid and quantitative detection of cancer
cells. The integrity of the RNA samples was verified by the
amplification of ß-2-microglobulin (B2M) mRNA.

The primer sequences used for CEA detection were 5'-ccc
gcagtattcttggcgtatc-3' and 5'-tgcaaatgctttaaggaagaagc-3'. The
primer sequences used for B2M detection were 5'-gctatgtgtct
gggtttc-3' and 5'-tacatgtctcgatcccac-3'.

For each PCR amplification, a reaction mixture was
prepared containing 2 μl of a cDNA template, 10X PCR buffer,
3 mM MgCl2, 0.25 μM of primer pairs and FastStart DNA
Master SYBR-Green I (Roche Diagnostics). The PCR cycling
conditions were set as follows: an initial denaturing step at
95˚C for 10 min and 40 cycles at 95˚C for 15 sec, 62˚C for
10 sec and 72˚C for 5 sec. The quantification data were
analyzed using the Light Cycler analysis software program
(Roche Diagnostics GmbH) as recommended by the
manufacturer. The standard curves for the quantification of
CEA or B2M mRNAs were drawn using 10-fold dilutions of
cDNA from the human pancreatic cancer cell line CaPan1.

Cell lines and cell culture conditions. The human pancreatic
cancer cell line, CaPan1, was obtained from the Health
Science Research Resources Bank (Tokyo, Japan). It was
grown in Dulbecco's modified Eagle's medium plus 10%
fetal bovine serum, 100 U/ml penicillin and 100 μg/ml
streptomycin and 0.25 μg/ml amphotericin B, in 5% CO2 at
37˚C.

Statistical analysis. Statistical analysis was performed with
the software package StatView version 5.0 (Abacus
Concepts, Inc. Berkeley, CA). The associations between the
discrete variables were assessed using the Fisher exact test,
the Chi-square test or Student's t-test as appropriate. P-values
of <0.05 denoted the presence of a statistically significant
difference.

Results

RT-PCR sensitivity in detecting cancer cells. Serial dilutions
of CaPan1 cancer cells [1x100 (=1) -1x104] were mixed with
lymphocytes (1x107) obtained from healthy volunteers (that
did not express CEA mRNA). Total RNA was extracted
from each mixture and subjected to a quantitative RT-PCR
assay. One hundred cancer cells mixed with 107 normal
lymphocytes were detected by RT-PCR with a CEA marker
(Fig. 1).
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Detection of lateral SNs. With macroscopic observations, we
detected the green-stained SNs in the lateral pelvic adipose
tissue around the internal iliac arteries and the obturator
spaces. We identified the lateral SNs in seven patients (28%),
a mean number of 1.9 (range, 1-4). The detection rates were
20% (1/5) in T2 and 30% (6/20) in T3 rectal cancer. No
significant differences were observed in age, gender, tumor
size, histological grade, LN stage, TNM stage, lymphatic
invasion or venous invasion between the two groups (Table I).

Comparison of the histological and genetic diagnoses. In
lateral SNs detectable cases (N=7), only one case (Case 1)
demonstrated metastasis by HE in the lateral SNs. Another
six cases demonstrated no metastasis by HE in the lateral SNs.
Two cases (Case 2, 3) had no metastasis by HE in the lateral
SNs. However, these cases had micrometastasis by RT-PCR in
the lateral SNs. Three cases (Cases 1-3) had metastasis by

HE in dissected lateral LNs. The status of dissected lateral
LN metastasis is completely consistent with the diagnosis of
the lateral SNs according to RT-PCR. Case 1 has four lateral
SNs. One SN is positive by RT-PCR and HE. However, the
other SN was negative according to RT-PCR and HE. Further
two SNs were positive by RT-PCR only. In addition, the
dissected lateral non-SNs demonstrated no metastasis by HE.
Case 2 had four lateral SNs. One SN was positive according to
RT-PCR only. However, the other three SNs were negative by
RT-PCR and HE. In dissected lateral LN, two non-SNs had
metastasis by HE. Case 3 had one lateral SN. One SN is
positive by RT-PCR only. In the dissected lateral LN, one
non-SN had metastasis according to HE.

In cases where the lateral SNs were not detectable
(N=18), three out of 18 patients had massive lateral pelvic LN
swelling based on pre-operative pelvic CT and the SN was not
detected macroscopically. Another patient had no lateral LN
swelling by pre-operative diagnosis. In case 4, only one lateral
LN along the internal iliac artery had metastasis by HE. This
LN could not be detected by either pre-operative CT or MRI
and could not be found by intra-operative observations (Figs. 2
and 3).

The number of lateral SNs was 13 LNs. There were five
SNs in which CEA was positive by RT-PCR, though there
was only one that was positive based on pathological
examinations. In contrast, no SNs that were negative based
on a genetic diagnosis were found to be positive according to a
pathological diagnosis.

Discussion

One of the most common sites of recurrence after a curative
resection of rectal cancer is the pelvis (22) and local control is
a major goal of surgical treatment. Appropriate dissection in
order to eliminate residual cancer foci, such as any involved
LNs, is therefore necessary to achieve local control.
However, the target region for local recurrence remains
controversial. Some Japanese surgeons place great emphasis
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Figure 1. Real-time RT-PCR for CEA (carcinoembryonic antigen) mRNA.
We used a LightCycler to detect various ratios of CaPan1 cells mixed with
lymphocytes. Upper panel: fluorescence vs. PCR cycles. CaPan1 cells were
sequentially diluted 10-fold and mixed with lymphocytes to give 104 to
100 CaPan1 cells per 107 lymphocytes. Lower panel: ethidium bromide-
stained agarose gels following electrophoresis of CEA RT-PCR products. The
RT-PCR products for CEA were resolved as 314 base pair fragments. bp, base
pairs.

Figure 2. Distribution of lateral lymph node metastasis and micrometastasis
in the sentinel and other nodes.

Figure 3. Anatomical mapping of the lateral LN detected by RT-PCR and
histological examinations in four representative cases. (a) Case 1 had four
lateral SNs. One SN was positive according to RT-PCR and HE. (b) Case 2
had four lateral SNs. One SN was positive based on RT-PCR only. (c) Case 3
had one lateral SN. One SN was positive according to RT-PCR only. One
dissected lateral non-SN was found to have metastasis by HE. (d) Case 4
had no SNs. However, one lateral LN had metastasis based on HE.
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not only on a total mesorectal excision, but also on intrapelvic
lateral LN dissection, whereas the latter procedure is
performed only rarely in Western countries. There are several
possible reasons for this difference of opinion regarding the
clinical significance of an iliac lymphadenectomy. The clinical
importance of the lateral spread of lower rectal cancer was
first demonstrated in the 1950s (23). Since then, LPLD was
performed for middle or lower rectal cancer in Japan, because
the incidence of lateral LN metastasis in patients with lower
rectal cancer is high (13-18%) (7,24,25). This procedure is
associated with a lower local recurrence rate than conventional
surgery. However, due to the high incidence of complications
with LPLD, including sexual and urinary dysfunction (8),
and the poor prognosis of patients with lateral LN metastasis
(5-year survival rate, 38-42%) (7,24,25), this operation has
only been performed in Japan. As a result, it is necessary to
restrict the indications of LPLD for advanced lower rectal
cancer.

The SN is defined as the first node in the regional
lymphatic basin that drains the primary tumor and either a
radionucleotide tracer or vital dye has been used to detect it.

The clinical applicability of SNNS and radio-guided SN
detection to gastrointestinal tract cancer has been extensively
investigated (13-16). The usefulness of dye-guided SN
detection in colon cancer has already been reported (26).
These studies demonstrated the high efficacy (70-99%) of
SN. However, we were able to identify SNs in only 7 of the
25 patients (success rate, 28%). In comparison to these
studies, our detection rate of SNs is very low. One of the
reasons for this is the degree of TNM stage. We investigated
the SNs in advanced rectal cancer and therefore the detection
rate may be low. Another reason may be that the use of dye
followed by intraoperative tracing was impracticable,
because of the close vicinity of the pelvic region and the
narrow space around the mesorectal tissue (27). A final
reason, may be due to the method used to detect SNs,
namely, we detected SNs macroscopically.

The presence of LN metastasis is usually assessed by
hematoxylin and eosin staining. Micrometastasis is generally
evaluated by IHC or RT-PCR. Several investigators have
emphasized the significance of LN micrometastasis as
diagnosed by RT-PCR in colorectal cancer (CRC) (20,22). In
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Table I. Clinicopathological findings of 25 patients with rectal cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Lateral SN (+) (N=7) Lateral SN (-) (N=18) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (yrs) 55.9±10.9 59.9±10.5 0.3950

Gender
Male 3 (43%) 9 (50%) 0.9999
Female 4 (57%) 9 (50%)

Tumor size (cm) 5.8±1.6 5.8±1.9 0.9534

Histological grade
Well 1 (14%) 6 (33%) 0.3418
Moderate 6 (86%) 10 (56%)
Mucinous 0 (0%) 2 (11%)

Primary tumor
pT2 1 (14%) 4 (22%) 0.9999
pT3 6 (86%) 14  (78%)

Regional lymph nodes
pN0 1 (14%) 5 (28%) 0.1316
pN1 5 (71%) 5 (28%)
pN2 1 (14%) 8 (44%)

pTNM stage
I 1 (14%) 2 (11%) 0.3962
II 0 (0%) 4 (22%)
III 6 (86%) 12 (67%)

Lymphatic invasion
No 1 (14%) 4 (22%) 0.9999
Yes 6 (86%) 14  (78%)

Venous invsion
No 1 (14%) 1 (6%) 0.4900
Yes 6 (86%) 17 (94%)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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the present study, we used RNA rather than DNA to investigate
the existence of micrometastases. DNA-based methods have
the limitation that mutations of K-ras and/or p53 are found in
subsets of CRC, but not in all cases, whereas CEA is expressed
exclusively by primary CRC tissues (20,28). Another reason
for using this technique is that tumor cells detected by RT-PCR
are very likely to be viable since mRNA is extremely unstable.
In contrast, there is concern that mutated DNA found in
regional LNs might represent a fraction of free tumor DNA
rather than being derived from viable cancer cells (29,30).
Although special techniques, which act as a supplement to
light microscopy, such as IHC and RT-PCR analyses, may
improve the accuracy of the pathological staging, these
modalities tend to be rather expensive, labor intensive and
time-consuming for each LN of the operative specimens.
Consequently, the possibility of a focused analysis of one or
a few LNs which can reliably predict the regional nodal
status is certainly attractive (31).

In the present study, we designed an original CEA primer,
since CEA is an epithelial-specific antigen that is expressed
in most cancers and in normal gastrointestinal tissue (32).
Many studies have detected LN micrometastasis in CRC
using RT-PCR of CEA mRNA (19,20,28). Our method was
thus able to detect 100 cancer cells mixed with 107 normal
lymphocytes. However, this rate is not so high. This may be
attributable to differences in the system of reverse
transcription and the PCR conditions. The CEA transcripts
used as a target for the amplification of PCR is expressed in
both normal epithelial and CRC cells and, therefore, it is
possible that the detection rate would increase with an
increasing number of PCR cycles. It has been reported that the
nested PCR technique, which can achieve a high sensitivity
by the two-step amplification of CEA cDNA, results in a 100%
detection rate in node-negative CRC patients (33).

Lateral LN metastasis is generally considered to be a sign
of systemic disease due to its poor prognosis in affected
patients. However, some patients survived >5 years without
adjuvant therapy, thus suggesting that the spread to the lateral
LNs may not always represent systemic disease and that
some patients may be cured by extended surgery. Although
extensive preoperative and intraoperative investigations for
lateral LN spread were performed, its incidence is thought to
be low. Therefore, we need to develop a method to accurately
select the patients who should undergo LPLD. From the
viewpoint of detecting LN metastasis, minimally invasive
surgery with a personalized lymphadenectomy can be
performed if SNNS is introduced to patients with advanced
lower rectal cancer. We can detect the lateral SNs using ICG.
The sensitivity of lateral LN metastasis was found to improve
using a genetic diagnosis. However, the detection rate of SNs
was very low, as a result we still have to develop a new
method for detecting SNs.

The present study investigated the adequacy of the SN
concept based on LN micrometastasis as determined by
RT-PCR. No definitive conclusion was made as to whether
micrometastasis by RT-PCR/IHC or macrometastasis by HE is
a more effective diagnostic modality for SNs. However, if we
judge SN metastasis by HE only, we may miss metastatic non-
SNs. As a result, we consider RT-PCR to be better than HE
in making a final decision regarding the SNs.
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