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Background: Diabetic patients with endometrial cancer had more lymph node metastasis than non-diabetic patients with endometrial
cancer. L1 cell adhesion molecule (L1CAM) could be possibly associated with lymph node metastasis in diabetic patients with endometrial
cancer via epithelial-mesenchymal transition. We aimed to investigate the association between L1CAM expression and lymph node
metastasis in diabetic patients with endometrial cancer.

Methods: We conducted a matched case control study of 68 endometrial cancer patients who comprise each 34 diabetic and non-diabetic
patients. L1CAM expression was evaluated by immunohistochemistry using fresh formalin-fixed paraffin-embedded tissue block of the
patients. The association between L1CAM expression and pelvic lymph node metastasis was assessed according to the presence of diabetes.
Results: Of the 68 patients, 13 (19.1%) were positive for L1CAM immunostaining. Positive rate of L1CAM expression in diabetic endometrial
cancer patients was similar to that in non-diabetic endometrial cancer patients (14.7% vs. 23.5%, P = 0.355). Tumor recurred more
frequently in patients with positive L1CAM expression than those with negative L1CAM expression (33.3% vs. 1.6%, P = 0.019). However,
we failed to find any significant association between L1CAM expression and lymph node metastasis. Only for the diabetic patients (n
= 34), patients with pelvic lymph node metastasis had more L1CAM expression than those without lymph node metastasis (50.0%
vs. 3.6%, P = 0.035). Advanced stage was the only risk factor for recurrence that showed a significant association with L1CAM expression
for the diabetic endometrial cancer patients (P = 0.006), as well as all the enrolled patients (P = 0.014).

Conclusion: L1CAM expression is associated with pelvic lymph node metastasis and advanced stage in diabetic patients with endometrial
cancer.
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INTRODUCTION according to the 2009 International Federation of Gynecology and

Obstetrics (FIGO) staging system. However, once tumor recurs,

Endometrial cancer (EC) is the most common gynecological treatment of recurrent EC remains a difficult clinical problem,
malignancy in the United States.' ECs commonly present in the due to the ineffectiveness of any combinations of chemotherapy,
early stage and almost two-thirds are diagnosed in stage I, radiation therapy, and novel molecular targeted agents.' Lymph
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node (LN) metastasis is one of the most important risk factors for
recurrence of EC. Patients with pelvic and paraaortic LN
metastasis are designated as FIGO stage IIIC1 and IIIC2, res-
pectively.’

Diabetes mellitus (DM) is known to increase the risk of EC.*
Moreover, diabetic patients with EC were reported to have more
LN metastasis and poorer prognosis than non-diabetic EC pa-
tients.” Therefore, reliable pre-or intra-operative predictors for
LN metastasis could help tailor the treatment and improve the
prognosis, especially in diabetic patients with EC.

L1 cell adhesion molecule (L1CAM) is a type I membrane
glycoprotein of the immunoglobulin superfamily, which is
initially identified in the nervous system.® Apart from multiple
regulatory functions of L1ICAM in neuronal cells, such as cell-
to-cell interactions, neuronal migration, and neurite fasciculation
and myelination,” recent studies have demonstrated that LICAM
was aberrantly expressed in a variety of human cancers, including
EC.*"° Overexpression of L1ICAM in tumor cells was reported to
increase cell motility, enhance the growth rate, and promote cell
transformation and tumorigenicity, as well as form metastases.’
High L1CAM expression was shown to be associated with
recurrent disease and short survival in EC."" However, there was
no study that evaluated the association of L1CAM expression in
EC with LN metastasis.

A mechanism how DM negatively affects the prognosis of EC

remained to be determined. Based on a small number of studies,
which provided indirect evidence for possible association of
LICAM expression with DM,'*'* we hypothesized that L1CAM
expression might play a crucial role in LN metastasis in diabetic
patients with EC. In this study, we aimed to investigate the
association between L1CAM expression and LN metastasis in
diabetic patients with EC.

MATERIALS AND METHODS

1. Patients and tissue samples

We reviewed medical records of 470 patients, who underwent
surgery for EC between January 1990 and June 2010. Approval of
the Institutional Review Board of Seoul National University
Hospital was obtained in advance. Of the 470, 46 were selected for
diabetic group if the patient had DM at the time of diagnosis of
EC. Of the 46, key paraffin-embedded tissue blocks of 11 patients
were not available, and we retrieved 35 paraffin-embedded
tissues from the archival files of the Department of Pathology.
Each diabetic patient in diabetic group was matched to one
non-diabetic patient in the non-diabetic group for age at diag-
nosis, preoperative body mass index, histological type, grade, and
stage. Except one whose tissue blocks were not available, 34 in the
non-diabetic group were included. Finally, 34 patients with
paraffin-embedded tissue in each group were included in the
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Figure 1. Process for a case-control
patient matching: EC, endometrial
cancer; DM, diabetes mellitus.



analysis (Fig. 1).

We collected patient information regarding age at diagnosis,
preoperative body mass index, presence of DM, intraoperative
findings, pathologic findings, including preoperative endome-

Table 1. Clinicopathologic characteristics
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trial curettage, as well as tissue specimen obtained during the
surgery, FIGO stage, and follow-up results, which are sum-
marized in Table 1. The survival time and follow-up period were
calculated from the date of surgery.

Characteristics EC with DM EC without DM P

Number of patients 34 34

Age (years), mean (range) 56.7 (31-81) 56.7 (34-76) 0.991

BMI (kg/m®), mean (range) 28.2 (21.0-42.1) 26.4 (20.5-43.4) 0.086

Serum CA125 levels (U/ml), mean (range) 38.8 (3.2-336.5) 28.0 (4.4-307.0) 0.535

FIGO stage, n (%) 0.782
1A 24 (70.6) 26 (76.5)
1B 3 (8.8 1 (2.9
I 3 (8.8) 3 (8.3)
1ic 4 (11.8) 4 (11.8)

Histological type, n (%) 0.259
Endometrioid 28 (82.4) 32 (94.1)

Non-endometrioid 6 (17.6) 2 (5.9)

Histological grade, n (%) 0.329
I 17 (50.0) 21 (61.8)

II, III 17 (50.0) 13 (38.2)

Myometrial invasion, n (%) 1.000
< 1/2 30 (88.2) 30 (88.2)
> 1/2 4 (11.8) 4 (11.8)

LVSI, n (%) 0.741
Positive 6 (18.2) 5 (15.2)

Negative 27 (81.8) 28 (84.8)

Primary tumor size (cm), mean (range) 3.0 (0.1-13.5) 2.2 (0.1-5.0) 0.104

Washing cytology, n (%) 0.493
Positive for malignancy 2 (5.9) 0 (0)

Negative for malignancy 32 (94.1) 32 (100.0)

Lymphadenectomy, n (%) 1.000°
PLND only 20 (58.8) 25 (73.5) 0177
PLND and PALND 12 (35.3) 7 (20.6)

Not done 2 (5.9) 2 (5.9)

Number of LN harvested, mean (range) 26.3 (0-50) 24.5 (0-57) 0.552

LN metastasis, n (%) 1.000
Positive 4 (12.5) 4 (12,5
Negative 28 (87.5) 28 (87.5)

Paraarortic LN metastasis®, n (%) 0.263
Positive 3 (25.0) 0 (0)

Negative 9 (75.0) 7 (100.0)

Recurrence, n (%) 1.000
Yes 2 (5.9) 1 (2.9
No 32 (94.1) 33 (97.1)

L1CAM expression, n (%) 0.355
Positive 5 (14.7) 8 (23.5)

Negative 29 (85.3) 26 (76.5)

BMI, body mass index; DM, diabetes mellitus; EC, endometrial cancer; FIGO, International Federations of Gynecology and Obstetrics; LN,
lymph node; LVSI, lymphovascular space invasion; PALND, paraaortic lymph node dissection; PLND, pelvic lymph node dissection.

1 IIC1 and 3 IIIC2.

®2 TIC1 but, pathologic reports for paraaortic LN metastasis of the other 2 are not available.

‘Comparison between lymphadenectomy and no lymphadenectomy.
dcomparison between PLND only and PLND with PALND.
°All patients with paraaortic LN metastasis have pelvic LN metastasis.
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As a normal control, we also investigated normal endometrial
tissue blocks from 12 patients undergoing hysterectomy for
leiomyoma of uterus: 8 proliferative and 4 secretory phase of the
menstrual cycle.

2. Tissue microarray

Tissue microarrays (TMA) were constructed from the core
biopsies (diameter 2 mm) of formalin-fixed paraffin-embedded

primary EC specimens, using a trephine apparatus (Super-
biochips Laboratories, Seoul, Korea). Three core biopsies were
taken from each individual specimen. Normal endometrial
specimens were also included in each of the array blocks.

3. Immunohistochemistry

After deparaffinization, tissues were rehydrated and subjected
to antigen retrieval by immersing in pH 9.0 Tris-EDTA buffer and

Figure 2. Expression of L1 cell adhesion molecule (L1ICAM) in endometrial cancer (EC) tissue. Membranous immunohistochemical staining
of EC tissue of LICAM (brown) with nuclear counterstaining (blue). LICAM-positive EC (A, endometrioid type; B, clear cell type; X400).
L1CAM-negative EC (C and D; X400). Negative LICAM expression in normal proliferative (E) and secretory (F) endometrial tissue (x200).
Exclusive staining at the invasive tumor front at low magnification (G, H, and I; X100). Higher magnification of the boxed areas in (G),
(H), and (I) showing L1CAM expression in invading tumor cells into adjacent stroma (G-1, H-1, and I-1; X400). (A, C, and G, EC tissue of
diabetic patients; B, D, E, F, H, and I, EC tissue of non-diabetic patients).



incubating at 100°C for 20 minutes. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide for 6 minutes.
After protein blocking for 30 minutes, samples were incubated
with a 1:30 dilution of mouse monoclonal antibody (UJ127,
Novus Biologicals, Littleton, CO, USA) at 37°C for 32 minutes.
After incubating with biotinylated anti-goat IgG for 30 minutes,
samples were treated with ABC reagent for another 30 minutes.
After incubating for 2 minutes, using a 3,3'-diaminobenzidine
substrate kit, samples were counterstained with hematoxylin.
Samples were then incubated in a bluing reagent for 4 minutes.
Signals were detected using an Ultra view polymer (Ventana,
Tucson, AZ, USA).

4. Evaluation of the staining

Staining was evaluated simultaneously by a specialized patho-
logist and a gynecologic oncologist who were unaware of the
patients’ clinical features. Any discrepancy was resolved by a
third observer. The slides were evaluated for the distribution of
staining in the tissue (cytoplasmic or stromal), the percentage of
positively stained tumor cells (low, 1-10%; moderate, 11-30%;
high, 31-100%), and the intensity of staining (grade 0-3). Cases
were defined positive for LICAM expression when > 5% tumor
cells showed > grade 1 staining intensity. Negative cases had to
show definitely no L1ICAM immunoreactivity in any field.

5. Statistical analysis

Continuous variables were compared using the student t-test,
and categorical variables were compared using the chi-square test
or Fisher's exact test, as appropriate. Progression-free survival
(PFS) was calculated and compared using the Kaplan-Meier
method with a log rank test. A 2-sided P-value < 0.05 indicated
statistical significance. The statistical analyses were performed
using SPSS for Windows version 19.0 (SPSS, Chicago, IL, USA).

RESULTS

1. L1 cell adhesion molecule expression

Of the 68 patients, 13 (19.1%) were positive for LICAM im-
munostaining in the cytoplasm of tumor cells. LICAM was
stained with membranous pattern and was often localized in
some area rather than diffusely stained (Fig. 2). Interestingly, we
observed that L1CAM expression was often localized, exclusively,
at the leading front of tumors irrespective of DM status. All of the
12 normal endometrial tissue samples failed to show any
evidence for the expression of LICAM in the proliferative or
secretory phase. There was no difference of L1CAM expression,

Dong Hoon Suh, et al: L1CAM and LN in DM Endometrial Cancer 235

according to the presence of DM.
2. Analysis of clinicopathologic characteristics

At 50.5 months of the mean follow-up (range 2-113 months), a
total of three recurrences, 2 diabetic and 1 non-diabetic patients,
were observed without disease related mortality. Of the 68 cases
in total, 60 (88.2%) were endometrioid histological type and 8
(11.8%) were non-endometrioid histological type: 2 serous, 2 clear
cell, and 2 mucinous type in diabetic group and each one serous
and clear cell type in non-diabetic group. Due to the matching
process, there was no significant difference of the risk factors for
recurrence between the diabetic and non-diabetic groups. Four
(11.8%), two in each group did not undergo lymphadenectomy
because they seemed to have little chance to have LN metastasis:
grade 1 endometrioid type EC without myometrial invasion.
There was no significant difference of the performance of
paraaortic LN dissection between the diabetic and non-diabetic
groups (35.3% vs. 20.6%, P = 0.177). Positive rate of L1ICAM
expression in diabetic EC patients was also similar to that in the
non-diabetic EC patients (14.7% vs. 23.5%, P= 0.355) (Table 1).

Table 2. L1CAM expression and risk factors for recurrence for all
enrolled patients (N = 68)

LICAM expression

P
Positive Negative

FIGO stage, n (%) 0.014
Early 2 3.7) 52 (96.3
Advanced 4 (28.6) 10 (71.4)

Histological type 0.543
Endometrioid 5 (8.3) 55 (91.7)
Non-endometrioid 1 (12.5) 7 (87.5)

Histological grade 0.394
I 2 (5.3) 36 (94.7)

II, 11 4 (13.3) 26 (86.7)

Myometrial invasion, n (%) 0.543
< 12 5 (8.3) 55 (91.7)
> 1/2 1 (12.5) 7 (87.5)

LVSIL, n (%) 1.000
Positive 1 (9.1) 10 (90.9)
Negative 4 (73 51 (92.7)

LN metastasis, n (%) 0.159
Positive 2 (25.0) 6 (75.0)
Negative 4 (7.1) 52 (92.9)

PALN metastasis, n (%) 0.530
Positive 1 (33.3) 2 (66.7)
Negative 3 (18.8) 13 (81.3)

FIGO, International Federations of Gynecology and Obstetrics; LN,
lymph node; LVSI, lymphovascular space invasion; PALN, paraaortic
lymph node.
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3. L1 cell adhesion molecule expression and lymph
node metastasis

Of the 64 patients, who underwent lymphadenectomy, 8
(12.5%) had LN metastasis: 4 diabetic and 4 non-diabetic EC
patients. Of the 19 who underwent paraaortic lymphadenec-
tomy, 3 (15.8%) had paraaortic LN metastasis; all of them had

diabetes. Tumor recurred more in patients with positive L1CAM
expression than those with negative L1CAM expression for all
enrolled patients (33.3% vs. 1.6%, P = 0.019) (data not shown).
However, we failed to find any significant association between
L1CAM expression and LN metastasis for the entire subjects
(Table 2).

Only for the diabetic EC patients (n = 34), patients with pelvic

Table 3. L1CAM expression and risk factors for recurrence according to the status of diabetes

L1CAM expression of diabetic

L1CAM expression of non-diabetic

group (N = 34) P group (N =34) P
Positive Negative Positive Negative

FIGO stage, n (%) 0.006 0.511
Early 0 27 (100.0) 2 (7.4) 25 (92.6)

Advanced 3 (42.9) 4 (57.1) 1 (14.3) 6 (85.7)

Histological type 1.000 0.171
Endometrioid 3 (10.7) 25 (89.3) 2 (63) 30 (93.8)
Non-endometrioid 0 6 (100.0) 1 (50.0) 1 (50.0)

Histological grade 1.000 0.544
I 1 (5.9) 16 (94.1) 1 (4.8) 20 (95.2)

II, III 2 (11.8) 15 (88.2) 2 (15.4) 11 (84.6)

Myometrial invasion, n (%) 0.322 1.000
= 12 2 (6.7) 28 (93.3) 3 (10.0) 27 (90.0)
> 1/2 1 (25.0 3 (75.0) 0 4 (100.0)

LVSL, n (%) 0.464 1.000
Positive 1 (16.7) 5 (83.3) 0 5 (100.0)

Negative 2 (7.4) 25 (92.6) 2 (7.1) 26 (92.9)

Pelvic LN metastasis, n (%) 0.035 1.000
Positive 2 (50.0) 2 (50.0) 0 4 (100.0)

Negative 1 (3.6) 27 (96.4) 3 (10.7) 25 (89.3)

PALN metastasis, n (%) 1.000
Positive 1 (33.3) 2 (66.7)

Negative 2 (22.2) 7 (77.8)

FIGO, International Federations of Gynecology and Obstetrics; LN, lymph node; LVSI, lymphovascular space invasion; PALN, paraaortic lymph

node.
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Figure 3. Progression-free survival according to L1 cell adhesion molecule (L1CAM) expression in endometrial cancer (EC). Kaplan-Meier surviv-
al curves for all enrolled patients (n = 68) (A) and diabetic EC patients (n = 34) (B).



LN metastasis showed L1CAM expression more than those
without LN metastasis (50.0% vs. 3.6%, P = 0.035) (Table 3).
Nevertheless, there was no significant association between
paraaortic LN metastasis and LICAM expression.

4. L1 cell adhesion molecule expression and other
risk factors for recurrence

Advanced stage (FIGO stage 11, III) tumor was the only risk
factor for recurrence that showed a significant association with
L1CAM expression in EC (P = 0.014). Moreover, in a subgroup
analysis with the diabetic EC patients, the significant relation-
ship between advanced stage and L1CAM expression was also
observed (P = 0.000). However, no significant association was
found between L1CAM expression in diabetic EC patients and
other known risk factors for recurrence, such as paraaortic LN
metastasis, high grade tumor and deep myometrial invasion.

5. L1 cell adhesion molecule expression and progres-
sion-free survival

Kaplan-Meier method with log-rank test revealed that there
was no significant difference of PFS between the diabetic and
non-diabetic groups (data not shown). However, EC with LICAM
expression recurred significantly earlier than that without
L1CAM expression (P= 0.017) (Fig. 3A). In a subgroup analysis of
diabetic patients, PFS was also significantly shorter in EC patients
with L1ICAM expression than those without L1CAM expression
(P < 0.001) (Fig. 3B).

DISCUSSION

This study demonstrated that LICAM expression was signi-
ficantly associated with pelvic LN metastasis only in EC patients
with DM. L1ICAM expression in EC was found to be greater in the
advanced stage tumor than in the early stage tumor, irrespective
of diabetic condition of the patients. However, LICAM expres-
sion was not associated with the histological type and grade of the
tumor, which was consistent with the findings of the previous
study.® EC patients with L1CAM expression showed a significant
shorter PFS than those without LICAM expression for the
diabetic EC patients, as well as all the enrolled patients.

Many studies have shown that transforming growth factor-f,
an well-known epithelial mesenchymal transition (EMT) inducer,

15-17

is a key contributor to diabetic nephropathy. Moreover,

metformin, a widely prescribed biguanide derivative for the

treatment of type 2 DM, has been shown to be able to inhibit EMT

18,19

pathway in various cancer cells.™"” These findings suggest that
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DM could negatively affect the prognosis of EC through facili-
tating EMT. EMT is known as an initial step of morphogenic
changes of polarized epithelial tumor cells to motile mesen-
chymal cells, allowing them to invade the basement membrane,
enter the vessels and disseminate to secondary organs, during the
metastatic progression.”’ We hypothesized that LICAM expres-
sion might play a crucial role in LN metastasis in diabetic patients
with EC via EMT. In this study, we observed the distinctive
pattern of L1CAM expression, which is often localized exclusively
at the leading front of tumors. This finding is consistent with
previous observations in colon and ovarian cancer, as well as
EC.*”?' An immunohistohcemical study with EC tissue demon-
strated that L1CAM was strongly stained at the leading front of
the tumor, in contrast to the completely negative staining of the
rest of the tumor; whereas, E-cadherin was stained in the
opposite way, negative staining of the cells of the leading edge
and positive staining of the bulk of the tumor.”® Another
immunohistochemical study of colon cancer tissue also showed
that L1ICAM expression correlated with high levels of nuclear
[-catenin in cells was exclusively localized at the invasive front of
the tumor tissue, suggesting that LICAM might promote the
invasiveness of colorectal cancer cells.” It suggests that LICAM
expression may be associated with EMT in the progression of
these tumors.

In addition, recent studies have shown that the treatment of
EC cells with transforming growth factor-f augments L1CAM
expression and downregulation of E-Cadherin and this process is
blocked by knockdown of Slug that is known to be an essential
factor during EMT.”*%
regulation of LICAM transcription in the EC cell lines,”” which

Slug and B-catenin are involved in the

suggests that L1ICAM might be regulated in a fashion similar to
that of EMT.

The expression of LICAM has been shown to be associated
with the poor prognosis in EC.* We found a significant shorter PFS
in EC with LICAM expression than in EC without L1ICAM
expression, irrespective of diabetic condition of the patients. By
contrast, the association of L1CAM expression with pelvic LN
metastasis was observed, only in diabetic patients with EC. It
suggests that LICAM might have important roles in LN meta-
stasis in diabetic EC patients possibly via EMT. This is the first
study demonstrating the clinical association between L1CAM
expression and LN metastasis in diabetic EC patients, despite the
lower expression rate of LICAM than that of the previous studies
(19.1% vs. 28%" to 20%""). The possible explanation of this finding
could include younger age (56.7 years vs. 66.6 years™ to 68.1
years®), more low grade tumor (55.8% vs. 39.0%""), and less non-
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endometrioid type (11.8% vs. 20.0%"). Moreover, racial difference
of the subjects between this study and previous ones might
account for this finding,

Our study has a few limitations. First, this is a retrospective
study with a small sample size. However, the possibility of the
selection bias and lower statistical power seemed to be minimal
because of the matching comparison design. Second, TMA has
been subject to the criticism of representativeness. We used three
core sections per case in order to keep the representativeness of
TMA. Through this multi-core technique, many studies indicated
the excellent quality and good reliability of TMA method.”**
Third, unfortunately, we have no disease-related mortality.
Therefore, we could not perform the overall survival analysis,
according to L1CAM expression in our study population,
although there was a report of shorter overall survival of EC
patients with L1CAM-positive tumors than EC patients with
L1CAM-negative tumors.®

LN metastasis is one of the most important prognostic deter-
minants in EC, and enormous efforts are still being put into
identifying patients at low or high risk for LN metastasis pre- and

%27 There is, however, no fully reliable method

intra-operatively.
to assess an individual EC patient’s risk category, either pre- or
intra-operatively. The sensitivity and specificity of computed
tomography or magnetic resonance image for the detection of LN
metastasis in EC were reported to be 27-66% and 73-99%,
respectively.”® Previous reports revealed the sensitivity, speci-
ficity, and accuracy of positron emission tomography/CT were
41-77%, 56-100%, and 76-89%, respectively.”*>

Our results suggest that LICAM expression constitutes a new
biomarker for EC of diabetic patients associated with LN meta-
stasis and poor prognosis. Fogel et al.” reported that preoperative
L1CAM immunohistochemical staining of endometrial curettage
samples could identify patients with aggressive tumor, and con-
sequently, at high risk for recurrence. Our study results con-
firmed the prognostic value of L1CAM in patients with EC,
especially those who are at risk of LN metastasis due to DM.
Through further studies with a larger number of samples, pre-
operative LN metastasis prediction model could be developed,
based on L1CAM expression in the diabetic patients with EC.
Further study with a large population is warranted.
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