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Abstract: Autophagy, a mechanism that maintains cellular homeostasis, is involved in tumor cell
growth and survival in cancer, and autophagy inhibitors have been tested clinical trials for anticancer
therapy. To elucidate the clinical and prognostic implications of autophagy in small intestinal
adenocarcinoma (SIAC), we assessed the expression of autophagy markers, LC3B and p62, in
171 surgically resected primary SIACs using automated quantitative analysis. Positive LC3B, p62
nuclear (p62NY), and p62 cytoplasmic (p62-Y) expression was observed in 23 (13.5%), 52 (30.4%),
and 43 (25.1%) carcinomas, respectively. LC3B+ expression was correlated with undifferentiated
carcinoma (p < 0.001) and high histologic grade (p = 0.029). The combined expression of LC3B
and p62Nu (LC3+/ p62Nu+) was related to the older age of patients (p = 0.017), undifferentiated
carcinoma (p < 0.001), and high grade (p = 0.031). LC3B+ (p = 0.006), p62<Y+ (p = 0.041), or p62NU+
(p = 0.006) expression were associated with worse survival. In addition, SIAC patients with either
LC3B+/ p62Nu+ (p =0.001) or LC3B+/ p62Cy+ (p = 0.002) expression had shorter survival times. In
multivariate analysis, LC3B expression remained an independent prognostic factor (p = 0.025) for
overall survival. In conclusion, autophagy may play a role in the tumorigenesis of SIACs, and LC3B
and p62 could be used as prognostic biomarkers and potential therapeutic targets for SIACs.
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1. Introduction

Small bowel cancer is rare in Korea, with 976 new cases occurring in 2018 [1]. How-
ever, its incidence is increasing; it reached 1.9 per 100,000 in 2018 compared to 0.9 per
100,000 in 2003 [2]. The proportion of small intestinal cancers among gastrointestinal (GI)
malignancies has also increased from 0.69% in 2003 to 1.06% in 2018 [1,2]. Small intestinal
adenocarcinoma (SIAC) is the most common histologic type of cancer originating in the
small bowel, which accounts for an estimated 30% to 40% of small intestinal cancer diag-
noses [3]. Although the mucosal surface of the small bowel covers >90% of the digestive
canal, the overall prevalence of SIAC among carcinomas of the tubular GI tract is <2% [1].
This prompts the hypothesis of a protective environment associated with enzymes specific
to the small bowel; however, it may be related to the shorter transit time of dietary car-
cinogens [4]. The small intestine is long and heterogeneous, leading to the development
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of adenocarcinomas at different sites, with different etiologies and diverse histologic and
molecular subtypes [5-7]. Consequently, the mechanisms underlying the development
and progression of SIAC remain poorly understood. In addition, more than 30% of SIAC
patients present with stage IV disease, and, on average, the outcomes of SIAC are worse
than those of other GI tract malignancies, including colorectal cancer [7,8]. Therefore, more
reliable novel biomarkers, which can be early prognostic indicators and potential treatment
targets, are necessary.

Autophagy is a lysosomal pathway that is essential for survival, differentiation, de-
velopment, and cellular homeostasis by maintaining energy homeostasis, eliminating
defective organelles and proteins, preventing reactive oxygen species, and removing in-
tracellular pathogens [9]. It is initiated by the progressive segregation of cytoplasmic
material via the phagophore. After fusing with lysosomes to form autolysosomes, the
content is degraded by catalytic enzymes, and the products of these reactions are recycled
by anabolic or bioenergetic circuitries [10]. Dysfunction of autophagy is associated with
cancer as well as autoimmune, cardiac, and neurodegenerative diseases [9]. Under normal
conditions, autophagy is tumor suppressive due to its catabolic potential. However, during
cancer development, autophagy aids in overcoming stressful stimuli, such as hypoxia
and nutrient deprivation. Subsequently, autophagy supports cancer cell growth and facil-
itates malignant progression in established tumors [11]. Moreover, autophagy-deficient
tumors are more sensitive to chemotherapeutic agents and radiation therapy than their
autophagy-proficient counterparts [12]. Hence, autophagy is an attractive target for cancer
therapeutics, and researchers have been exploiting the use of autophagy modulators as
adjuvant therapy [13].

The autophagic process is regulated by a series of autophagy-related genes (ATGs) [14].
Among known ATGs-encoded proteins, lipidated microtubule-associated protein 1 light
chain 3 B (LC3B) is incorporated into the inner and outer autophagosomal membrane,
thereby allowing the detection of different stages of autophagic vesicles [15,16]. The in-
corporated LC3B binds to the adaptor protein p62/sequestosome 1 (SQSTM1), which
facilitates autophagic degradation of ubiquitinated protein aggregates in lysosomes [17].
During autophagic flux, both proteins are degraded into autolysosomes [18,19]. Based
on these properties, LC3B and p62 have been widely used as biomarkers to monitor au-
tophagy [16]. Immunodetection of autophagy markers has been reported in various human
cancers [20-26]. Aberrant expression of LC3B has been reported in malignant tumors,
including pancreatic [20], hepatocellular [21], and colorectal [22,23] carcinomas. Similarly,
abnormal expression and regulation of p62 are closely associated with the development
and progression of several tumors, such as endometrial [24], breast [25], and colon [26]
cancers. However, the clinical and prognostic value of LC3B and p62 expression in patients
with SIAC have not yet been studied. The aim of this study was to explore the clinical
significance of autophagy-related proteins, including LC3B and p62, for patients with SIAC
using immunohistochemistry (IHC) and quantitative digital image analysis.

2. Methods
2.1. Study Population

We used human SIAC tissue microarrays (TMAs), as previously reported [27,28]. The
TMAs were from 197 surgically resected primary SIAC cases collected from the surgical
pathology archives of 22 Korean institutions by the Korean Small Intestinal Cancer Study
Group [27,28]. The tumor was considered a primary SIAC when the tumor was solitary
or predominantly involved the mucosa of duodenum, jejunum and ileum regardless of
extension into the serosa, without considering the presence of peritumoral dysplasia.
Carcinomas extending from the surrounding gastrointestinal tract organs, such as the
stomach, ampulla of Vater, pancreas, cecum or appendix, into the small bowel were
excluded. Neuroendocrine tumors and mesenchymal tumors arising in small intestine
was also not included. Clinical and pathologic data collected and analyzed in previous
studies were used [27,28]. Cancer stages were determined according to the American
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Joint Committee for Cancer (AJCC), eighth edition [29]. Histological subtypes and grades
were classified according to the 2019 World Health Organization (WHO) classification [30].
Information on predisposing conditions, such as Crohn’s disease, familial adenomatous
polyposis (FAP), Lynch syndrome, Peutz-Jeghers syndrome, Gardner syndrome, gluten-
sensitive enteropathy, intestinal duplication, Meckel’s diverticulum, or heterotopic pancreas
was obtained through a review of medical records. This retrospective study was approved
by the Institutional Review Board of Incheon St. Mary’s Hospital (OC13SISI0162), and
informed consent was waived because the study used leftover specimens. All procedures
were conducted in accordance with the principles of the Declaration of Helsinki.

2.2. IHC

TMAs were constructed as described previously [31]. They included three invasive
adenocarcinoma tissue cores of one-millimeter diameter per patient and one corresponding
normal small intestinal mucosa tissue core.

Tissue specimens were cut and used on 5 um thick paraffin sections. After deparaf-
finization and rehydration, heat-induced antigen retrieval was performed for 20 min by
incubating the samples in antigen retrieval buffer pH 9.0 (DAKO, Carpinteria, CA, USA)
for LC3B and pH 6.0 (DAKO) for p62 using a steam pressure cooker (Pascal; DAKO). En-
dogenous peroxidase activity was quenched with 3% hydrogen peroxide (H,O,) for 10 min.
The sections were incubated with rabbit polyclonal anti-LC3B (Cat no., ab48394; 1:2000;
Abcam, Cambridge, MA, USA) and mouse monoclonal anti-p62 (clone D5L7G; 1:1500;
Cell Signaling Technology, Danvers, MA, USA) for 1 h at room temperature. Antigen-
antibody reactions were detected with EnVision™ Dual-HRP (DAKO) and visualized with
3,3-diaminobenzadine (DAB; DAKO). Peripheral nerve tissue with ganglion cells served
as an internal positive control for LC3B [16]. Incubation with immunoglobulin G (IgG) or
without the primary antibody was performed to generate the negative controls. Finally, the
stained sections were lightly counterstained with hematoxylin.

2.3. Evaluation of IHC

Stained TMA slides were scanned using a NanoZomer XR Digital Pathology (NDP)
system (Hamamatsu, Hamamatsu, Japan) at x 40 objective magnification with a single-
focus layer. The tissue on the slides was automatically detected with focus points to obtain
the optimal image. Digitalized images were automatically analyzed using Visiopharm
software v6.9.1 (Visiopharm, Hersholm, Denmark) as previously described [32]. In brief,
a pathologist (JWK) blinded to patient outcome and other clinical findings generated
screenshots of single representative areas of the regions of interest. Blue-colored (hema-
toxylin) tumor cell nuclei were initially defined, and then brown-colored (DAB) nuclei and
cytoplasm were separated spectrally. The brown cytoplasmic intensity (weak and strong)
of LC3B and p62 was obtained, and each proportion was analyzed using a predefined
algorithm and optimized settings. For p62, nuclear staining was also evaluated. The brown
nuclear staining intensity (0 = negative, 1 = weak, 2 = moderate, and 3 = strong) and the
percentages of stained cells were obtained, and histoscores were calculated by multiplying
the percentage of positive cells with their staining intensity. The average of the three tumor
cores was calculated as the final value. Expression values for cytoplasmic staining and
histoscores were dichotomized (negative vs. positive), with cutoff values showing the most
discriminative power. The cutoff value of LC3B and p62 cytoplasmic expression was set at
1.8% with a strong punctate pattern and 68.6% with weak intensity, respectively. The cutoff
histoscore for p62 nuclear expression was 112.6.

2.4. Microsatellite Instability (MSI) Analysis

MSI data were obtained from a previous study in the same cohort [28]. Briefly, the
five microsatellite loci (BAT25, BAT26, NR21, NR24, and NR27) were amplified in a single
multiplex polymerase chain (PCR) reaction. PCR products were analyzed by capillary
electrophoresis using an ABI 310 Genetic Analyzer (Applied Biosystems, Foster City, CA,
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USA). High-frequency MSI (MSI-H) was defined as the presence of two or more loci
showing instability, whereas instability at only one locus was defined as low-frequency
MSI (MSI-L). Tumors with no instability were defined as microsatellite stable (MSS).

2.5. Statistical Analysis

Categorical data were assessed using x? or Fisher’s exact tests and Mann-Whitney or
unpaired Student’s t test, and correlation analyses were applied to compare continuous
variables. All survival analyses used an overall survival (OS) model, which captured all
patient deaths as events and censored other patients at their last visit dates. OS curves with
log-rank tests were generated using the Kaplan-Meier method. Univariate and multivariate
survival analyses were performed using the Cox proportional hazard regression model.
The statistical significance was set at p < 0.05. The SPSS Statistics for Windows, version 21
(IBM Corp., Armonk, NY, USA) was used for the analyses.

3. Results
3.1. Study Population and Tumor Characteristics

Out of the enrolled 197 primary SIACs, 171 (86.8%) with interpretable immuno-
histochemical and molecular results were analyzed in this study (Table 1). The me-
dian age of the patients was 59 years (range, 23-86 years), and they were predomi-
nantly men (male:female = 1.6:1). There were 97 (56.7%) duodenal, 48 jejunal (28.1%), and
26 ileal (15.2%) cancers. Histologically, 154 patients (90.1%) were tubular adenocarcinomas:
28 tumors (16.4%) were well differentiated, 94 (54.9%) were moderately differentiated and
32 (18.7%) were poorly differentiated. The histologic grade was categorized as low grade
(well and moderately differentiated) in 131 (76.6%) and high grade (poorly differentiated
and undifferentiated) in 40 (23.4%) tumors. Twenty-four patients (14.0%) had predisposing
diseases: 11 patients had adenoma, 7 patients had Lynch syndrome, 1 patient had adenoma
and Lynch syndrome, 2 patients had congenital anomaly, 1 patient had Crohn’s disease,
and 2 patients had Peutz-Jeghers syndrome. MSI was observed in 39 cases (22.8%), all
of which were MSI-H. Figure 1 shows MSI status and tumor characteristics. Sixty-three
(38.0%) and 89 (53.5%) tumors were classified as stage II and III, respectively. The median
follow-up period after surgical resection was 28.4 months (range, 0.34 to 168.4 months).

[ 197 SIACs from 22 Korean institutions ]

IHCs and MSI test

171 SIACs
[ ]
[ 97 proximal (duodenum) SIACs y [ 74 distal (jejunum and ileum) SIACs ]
[ [
[ | [ ]
[ 88 tubular types ] [ 9 non-tubular types ] [ 66 tubular types ] [ 8 non-tubular types ]
[ 18 MSI-H ] ’ 70 MSS ] [ 2 MSI-H ] [ 7 MSS ] [ 14 MSI-HJ [ 52 MSS ] [ 5 MSI-H ] [ 3 MsS ]

Figure 1. Flow chart of study population and tumor characteristics. SIAC, small intestinal adenocarcinoma; IHC, immuno-

histochemistry; MSI, microsatellite instability—high; MSS, microsatellite stable.
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Table 1. Clinicopathologic characteristics of 171 patients with SIACs.

Category N Y%
Age
<60 years 95 55.6
>60 years 76 444
Sex
Male 106 62.0
Female 65 38.0
Location
Proximal (duodenum) 97 56.7
Distal (jejunum and ileum) 74 43.3
Type of growth @
Polypoid 31 19.0
Flat 11 6.8
Ulceroinfiltrative 121 74.2
Histological subtype
Adenocarcinoma 154 90.1
Mucinous carcinoma 9 53
Signet ring cell carcinoma 4 2.3
Undifferentiated carcinoma 4 2.3
Tumor grade
Low 131 76.6
High 40 234
Lymphovascular invasion
Absent 78 45.6
Present 93 54.4
Predisposing condition
Absent 147 86.0
Present 24 14.0
MSI status
MSS 132 77.2
MSI-H 39 22.8
pT classification
pTiS —_ pT1 9 53
pT2 8 4.7
pTs 58 33.9
pT4 96 56.1
pN classification P
PNo 77 46.4
PN1 + pN» 89 53.6
AJCC staging ©
0-1 14 8.4
I 63 38.0
1II 89 53.6
Status
Alive 58 33.9
Expire 113 66.1

2 Calculated only 163 cases with available information of growth type. ® Calculated only 166 cases with available
information of lymph node metastasis. ¢ Calculated only 166 cases with available information of the AJCC stage.

3.2. IHC Expression of LC3B and p62

Representative immunohistochemical images of LC3B and p62 are shown in Figure 2.
LC3B showed a cytoplasmic punctate expression pattern. Meanwhile, p62 was expressed
in both the nucleus (p62N") and cytoplasm (p62%Y) with or without a punctate pattern. All
non-neoplastic mucosae of the small intestine were negative for LC3B, and 95.9% of them
were negative for p62 (Figure 3). Of the 171 SIACs, positive LC3B (LC3B+) expression was
observed in 23 patients (13.5%), whereas p62“Y+ and p62N'+ expression was noted in 43
(25.1%) and 52 (30.4%) cases, respectively. LC3B+, p62NU+, and p62-Y+ expression was
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Percentage (%)

A

100

807

B LC3B Positive
0O LC3B Negative

X2=21.733 , p<0.001

significantly higher in SIACs than in normal mucosae of the small intestine (x? test; all
p < 0.001) (Figure 3).

LC3B

p62

Normal Tumor
Negative Positive
»” & ¥
- T & T
" > - A AN )
$ g e

Figure 2. Representative immunohistochemical staining for LC3B and p62 expression in SIAC and
normal mucosal tissue. Normal small intestinal epithelial cells did not express LC3B and p62. Some
stromal mononuclear cells were weakly reactive for LC3B and p62 and showed punctate or linear
cytoplasmic staining ((A,D), inset). Ganglion cells showed positive staining for LC3B and thus served
as an internal staining control (black arrow, (A), inset). LC3B staining showed a cytoplasmic punctate
pattern (C), while p62 showed cytoplasmic punctate pattern with/without nuclear expression (F).
The middle columns show representative negative stainings (B,E) (original magnification, x8; inset,
% 40; scale bar, 50 um).

Tumor
(n=171)

Normal
(n=150)

m p62M Positive
0O p62Nu Negative

X?=36.139, p<0.001
100 7 —
)
é 807
(0]
S
£ 607
7}
[&]
G 40
o
207
0
Normal Tumor
(n=145) (n=171)

C

100 =
807

60 7

Percentage (%)

40

207

| p62% Positive
3O p62¢Y Negative
X2=26 670, p<0.001

Tumor
(n=171)

Normal
(n=148)

Figure 3. LC3B and p62 expression in SIAC and non-neoplastic small intestinal epithelial cells. LC3B was expressed in
malignant tumor cells but not in non-neoplastic epithelial cells (p < 0.001) (A). P62NU4 (B) and p62Cy+ (C) expressions were
more frequently observed in carcinoma than in non-neoplastic epithelium (both p < 0.001).
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The relationship between LC3B and p62 expression patterns is shown in Table 2.
Positive p62NU expression was strongly associated with p62%Y+ expression (p < 0.001).
LC3B+ expression was significantly correlated with p62%Y+ expression (p = 0.003); however,
there was no relationship between LC3B+ and p62N"+ expression. Twelve (7.0%) cases
showed positive cytoplasmic staining for both LC3B and p62 (LC3B+/p62%Y+) and 11
(6.4%) cases showed both LC3B cytoplasmic and p62 nuclear positivity (LC3B+/p62NU+).

Table 2. Relationship among the expression patterns of LC3B and p62.

LC3B, N (%) p62NY, N (%)
Negative  Positive p-Value Negative  Positive p-Value

p62%Y 0.003 * <0.001 *
Negative 117 (79.1) 11 (47.8) 118(99.2)  10(19.2)

Positive 31(209) 12 (52.2) 1(0.8) 42 (80.8)

p62Nu 0.088
Negative 107 (72.3) 12 (52.2)

Positive 41277) 11 (47.8)

* Statistically significant (p < 0.05).

3.3. Association between Clinicopathologic Features and p62 and LC3B Expression

The relationships between the clinicopathological features of SIACs and LC3B and
p62 expression are summarized in Table 3. LC3B+ expression was significantly associated
with undifferentiated carcinoma (p < 0.001) and high histologic grade (p = 0.029). Positive
p62%Y expression tended to be associated with undifferentiated carcinoma (p = 0.056) and
observed in patients aged >60 years (p = 0.056). Tumors with predisposing conditions
showed frequent p62NU+ (p = 0.044) and p62“Y+ (p = 0.023) expression. No association
was observed between LC3B and p62 expression and other clinicopathological variables
including gender, growth type, tumor location and stage, Lynch syndrome (not shown),
and MSI status.

Table 3. The association between clinicopathologic features and p62 and LC3B expression in patients with SIAC.

LC3B, N (%) p62NY, N (%) p62%Y, N (%)
Negative Positive Negative Positive Negative Positive
N=1s8 N=23 PV NZy9  N=sz  PVAlNe NTgpg Nogg  PVAlue
Gender 0.300 0.438 0.503
Male 89 (60.1) 17 (73.9) 71 (59.7) 35 (67.3) 77 (60.2) 29 (67.4)
Female 59 (39.9) 6(26.1) 48 (40.3) 17 (32.7) 51 (39.8) 14 (32.6)
Age 0.139 0.071 0.056
<60 years 86 (58.1) 9(39.1) 72 (60.5) 23 (44.2) 77 (60.2) 18 (41.9)
>60 years 62 (41.9) 14 (60.9) 47 (39.5) 29 (55.8) 51 (39.8) 25 (58.1)
Tumor location 0.805 1.000 0.693
Proximal
(duodenum) 85 (57.4) 12 (52.2) 68 (57.1) 29 (55.8) 71 (55.5) 26 (60.5)
Distal (jejunum
and ileum) 63 (42.6) 11 (47.8) 51 (42.9) 23 (44.2) 57 (44.5) 17 (39.5)
Histological <0.*001 0.068 0.056
subtype
Adenocarcinoma 136 (91.9) 18 (78.3) 106 (89.1)  48(92.3) 115(89.8)  39(90.7)
Mucinous
carcinoma 8(5.4) 1(4.3) 8(6.7) 1(1.9) 8(6.3) 1(2.3)
Signet ring cell
earcinoma 4(2.7) 0(0.0) 4(34) 0(0.0) 4(3.1) 0
Undifferentiated
carcinoma 0(0.0) 4(17.4) 1(0.8) 3(5.8) 1(0.8) 3(7.0)
Tumor grade 0.029 * 0.600 0.854
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Table 3. Cont.
LC3B, N (%) p62NY, N (%) p62%Y, N (%)
Negative Positive g Negative Positive g Negative Positive B
N =148 N=23 PValve N7 N=s2 PValue T og N=g3 PValue
Low 118 (79.7) 13 (56.5) 93(78.2)  38(73.1) 99 (77.3) 32 (74.4)
High 30(20.3) 10 (43.5) 26(21.8) 14 (26.9) 29(22.7) 11 (25.6)
Lymphovascular 0.178 0.684 0.454
mvasion
Absent 71 (48.0) 7 (30.4) 56 (47.1) 22 (42.3) 61 (47.7)  17(39.5)
Present 77 (52.0) 16 (69.6) 63(529) 30 (57.7) 67 (52.3) 26 (60.5)
Predisposing 1.000 0.044 * 0.023 *
condition ’ ’ '
Absent 127 (85.8) 20 (87.0) 107 (89.9) 40 (76.9) 115 (89.8) 32 (74.4)
Present 21 (14.2) 3 (13.0) 12(10.1)  12(23.1) 13(10.1)  11(25.6)
MSI status 0.690 0.590 0.583
MSS 113 (76.4) 19 (82.6) 90 (75.6) 42 (80.8) 97 (75.8)  35(81.4)
MSI-H 35 (23.6) 4(17.4) 29 (24.4)  10(19.2) 31 (24.2) 8 (18.6)
pT classification 0.372 0.585 0.351
pTis — pTy 8 (5.4) 1(4.4) 6 (5.0) 3(5.8) 7 (5.5) 2(4.7)
pT2 8 (5.4) 0(0.0) 6 (5.0) 2(3.8) 6 (4.7) 2 (4.7)
pT3 47 (31.8) 11 (47.8) 44 (37.0) 14 (26.9) 48 (375)  10(23.3)
pTs 85(57.4) 11 (47.8) 63(53.0) 33 (63.5) 67 (52.3) 29 (67.3)
N classification
P > 0.129 0917 0.852
PN 71 (49.0) 6 (28.6) 53 (45.7) 24 (48.0) 59 (47.2) 18 (43.9)
pN1 + pN, 74(51.0) 15 (71.4) 63 (54.3) 26 (52.0) 66 (52.8) 23 (56.1)
AJCC staging ® 0.215 0.886 0.826
0-1 13 (9.0) 1(4.8) 9(7.8) 5 (10.0) 10 (8.0) 4(9.8)
I 58 (40.0) 5 (23.8) 44 (379) 19 (38.0) 49(39.2) 14 (34.1)
111 74(51.0) 15 (71.4) 63 (54.3) 26 (52.0) 66 (52.8) 23 (56.1)

2 Calculated only 166 cases with available information of lymph node metastasis. ® Calculated only 166 cases with available information of
the AJCC stage. * Statistically significant (p < 0.05)

The relationship between the combined expression of LC3B and p62 and clinicopatho-
logical variables was also examined (Table 4). LC3B+/p62N'+ expression was correlated
with older age (p = 0.017), undifferentiated histologic type (p = 0.031), and higher histo-
logic grade (p < 0.001). LC3B+/p62%Y+ expression was associated with an undifferenti-
ated histology (p < 0.001). SIACs with age >60 years and high grade showed frequent
LC3B+/p62%Y+ expression; however, the difference did not reach statistical significance
(p = 0.056 and 0.057, respectively).

Table 4. The association between clinicopathologic features and combination of p62 and LC3B expression in patients with

SIAC.
Case N LC3B+/p62NU+, N (%) p-Value LC3B+/p62%Y+, N (%) p-Value
Gender 0.662 0.970
Male 95 8 (72.7) 8 (66.7)
Female 76 3(27.3) 4(33.3)
Age 0.017* 0.056
<60 years 106 2 (18.2) 3(25.0)
>60 years 65 9 (81.8) 9 (75.0)
Tumor location 0.642 0.430
Proximal (duodenum) 97 5 (45.5) 5 (41.7)
Distal (jejunum and ileum) 74 6 (54.5) 7 (58.3)
Histological subtype <0.001 * <0.001 *
Adenocarcinoma 154 8(72.7) 9 (75.0)
Mucinous carcinoma 9 0 (0.0) 0(0.0)
Signet ring cell carcinoma 4 0 (0.0) 0(0.0)
Undifferentiated carcinoma 4 3(27.3) 3(25.0)
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Table 4. Cont.
Case N LC3B+/p62N¥+, N (%) p-Value LC3B+/p62%Y+, N (%) p-Value

Tumor grade 0.031* 0.057
Low 131 5 (45.5) 6 (50.0)
High 40 6 (54.5) 6 (50.0)

Lymphovascular invasion 0.342 0.236
Absent 78 3(27.3) 3(25.0)
Present 93 8(72.7) 9 (75.0)

Predisposing condition 1.000 1.000
Absent 147 9 (81.8) 10 (83.3)
Present 24 2 (18.2) 2 (16.7)

MSI status 1.000 1.000
MSS 132 8(72.7) 9 (75.0)
MSI-H 39 3(27.3) 3(25.0)

pT classification 0.492 0.493

pTis — pT1 9 0 (0.0) 0 (0.0)
pT2 8 0 (0.0) 0 (0.0)

pT3 58 2 (18.2) 3(25.0)
pTs 96 9 (81.8) 9 (75.0)

PN classification 2 0.250 0.162
PNp 77 2 (22.2) 2 (20.0)
pN;1 + pNy 89 7 (77.8) 8 (80.0)

AJCC staging b 0.292

0-I 14 0 (0.0) 0(0.0) 0.204
I 63 2 (22.2) 2 (20.0)
I 89 7 (77.8) 8 (80.0)

2 Calculated only 166 cases with available information of lymph node metastasis. ® Calculated only 166 cases with available information of
the AJCC stage. * Statistically significant (p < 0.05).

3.4. Prognostic Significance of LC3B and p62 Expression

The median survival time of patients with SIAC with LC3B+ expression (14.7 months)
was shorter than that of patients with LC3B— (38.5 months; p = 0.006, log-rank test)
(Figure 4A). Patients with each p62Nu+ (median survival, 17.8 months) and p62cy+
(15.1 months) expression had notably shorter survival times than patients with p62N"—
(39.7 months; p = 0.041) and p62“Y— (41.6 months; p = 0.006) expression, respectively
(Figure 4B,C). The survival differences were compared between patients with different com-
binations of expression patterns of the autophagy markers (Figure 5). The median survival
times of patients with LC3B+/p62NU+ (1 = 11), LC3B+/p62NU— (1 = 12), LC3B—/p62Nu+
(n=41),and LC3B—/ p62Nu— (n =107) expression were 7.9, 22.0, 28.8, and 48.1 months, re-
spectively. There was a significant survival difference among the four groups (p < 0.001, log-
rank test, overall comparison) (Figure 5A). Patients with LC3B+/ p62cy+ expression (1 = 12)
also had shorter median survival times (7.9 months) than those with LC3B+/p62%Y —
(n = 11; 32.0 months), LC3B— /p62Y+ (1 = 31; 22.0 months), and LC3B—/p62%Y — (n = 117;
48.1 months) expression (p = 0.002, overall comparison) (Figure 5B).

The relationships between other clinicopathological variables and survival are summa-
rized in Table 5. Univariate analysis revealed that shorter patient survival was associated
with undifferentiated histologic type (p = 0.008), lymphovascular invasion (p < 0.001),
MSS (p = 0.029), pT classification (p = 0.025), lymph node metastasis (p < 0.001), and stage
(p =0.001).
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Figure 4. The Kaplan-Meier OS analysis of patients with SIAC. Patients with LC3B+ (A), p62Nu+ (B), and p62Cy+ (C) ex-
pression showed poor OS compared to patients with negative expression for each of these proteins (log rank p = 0.006, 0.041,
and 0.001, respectively).

Log-rank p<0.001 Leg-rank p=0.002
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Figure 5. Survival analysis of SIAC patients based on the combination of LC3B and p63 expression. Survival differences were
observed among four SIAC patient groups classified according to their LC3B and p62N" expression and LC3B and p62¢Y
expression. The survival time of patients with LC3B+/ p62Nu+ expression was significantly shorter (median 7.9 months)
than those with LC3B—/ p62N“— (median 48.1 months), LC3B—/ p62Nu+ (median 22.0 months), and LC3B+/ p62N“—
(median 28.8 months) (log rank p < 0.001) (A). Patients with LC3B+/ p62Cy+ expression had significantly shorter OS
(median 7.9 months) than those with LC3B—/ p62cyf (median 48.1 months), LC3B—/ p62Cy+ (median 22.0 months), and
LC3B+/ p62CY— (median 32.0 months) (log rank p = 0.002) (B).

Table 5. Univariate analysis of prognostic variables affecting patient survival with SIAC.

. Median Survival Hazard Ratio
Variable 95% CI) ©95% CI) p-Value
Age
<60 years 39.7 (20.5-58.9) 1- 0.116
>60 years 24.9 (10.5-39.3) 1.35 (0.93-1.95)
Sex
Male 36.5 (24.0-49.0) 1- 0.793
Female 28.8 (13.2-44.4) 1.05 (0.72-1.54)
Location

Proximal (duodenum) 39.9 (22.7-57.1) 1- 0.153
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Table 5. Cont.

. Median Survival Hazard Ratio
Variable (95% CI) 95% CI) p-Value
Distal (jejunum and ileum) 24.5 (15.9-33.2) 1.31 (0.90-1.91)
Histological subtype
Adenocarcinoma 36.5 (20.4-52.6) 1- 0.036 *
Mucinous carcinoma 21.0 (5.4-36.6) 1.71 (0.79-3.70) 0.171
Signet ring cell carcinoma 4.2 (NA) 0.95 (0.23-3.85) 0.941
Undifferentiated carcinoma 2.1 (NA) 3.89 (1.42-10.66) 0.008*
Tumor grade
Low 37.4 (20.0-54.8) 1- 0.172
High 24.5 (16.1-32.9) 1.34 (0.88-2.05)
Lymphovascular invasion
Absent 80.8 (40.7-120.9) 1- <0.001 *
Present 21.1 (14.9-42.7) 2.32 (1.57-3.44)
Predisposing condition
Absent 36.5 (21.84-51.16) 1 0.269
Present 18.2 (7.68-28.72) 1.34 (0.80-2.24)
MSI status
MSS 28.2 (18.9-37.5) 1 0.029 *
MSI-H 81.7 (6.2-157.2) 0.58 (0.36-0.94)
pT classification
pTis — pT1 NA 1- 0.025*
pT2 62 (NA) 6.32 (0.71-56.55) 0.099
pTs 36.5 (22.3-50.7) 7.96 (1.10-58.16) 0.041*
pTs 22.0 (15.4-28.6) 11.52 (1.60-83.00) 0.015*
pN classification @
PNo 62.2 (28.4-96.0) 1- <0.001 *
pN; + pNy 22.6 (17.0-28.2) 2.01 (1.36-2.98)
AJCC staging ®
0-1 NA 1- 0.001 *
1II 48.4 (17.9-78.9) 2.76 (0.98-7.76) 0.054
III 22.6 (17.0-28.2) 4.74 (1.72-13.02) 0.003 *
LC3B expression
Negative 38.5 (23.3-53.7) 1- 0.006 *
Positive 14.7 (11.1-18.3) 1.97 (1.21-3.21)
p62N" expression
Negative 39.7 (23.8-55.6) 1- 0.041*
Positive 17.8 (10.2-25.4) 1.50 (1.02-2.22)
p62%Y expression 0.006 *
Negative 41.6 (24.8-58.4) 1
Positive 15.1 (7.3-22.9) 1.77 (1.18-2.65)
LC3B+/p62Nu+ 0.001 *
Absent 48.1 (25.8-70.4) 1
Present 7.9 (0.0-15.8) 3.32 (1.69-6.53)
LC3B+/p62%Y + 0.002 *
Absent 37.4 (22.9-51.9) 1
Present 7.9 (0.0-23.5) 2.74 (1.46-5.13)

2 Calculated only 166 cases with available information of lymph node metastasis. ® Calculated only 166 cases
with available information of the AJCC stage. * Statistically significant (p < 0.05).

Multivariate analysis indicated that MSS (p = 0.004), higher T stage (p = 0.005), lymph
node metastasis (p = 0.013), and LC3B+ expression (p = 0.025) were independent prognos-
tic factors (Table 6). The hazard ratio for SIAC with LC3B+ expression was 1.817 (95%

confidence interval, 1.077-3.064) compared to that of LC3B— expression.
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Table 6. Cox proportional multivariate analysis of the association between prognostic variables and
OS in SIAC patients.

Variables Hazard Ratio (95% CI) Se (Coef) z p-Value
MSI-H 0.471 (0.283-0.783) 0.260 —2.899 0.004 *

pT classification (>pTs) 1.534 (1.136-2.071) 0.153 2.792 0.005 *
Nodal metastasis 1.672 (1.112-2.514) 0.208 2472 0.013 *
LC3B+ expression 1.817 (1.077-3.064) 0.267 2.239 0.025 *
P62Nu expression 1.334 (0.893-1.991) 0.204 1.409 0.160
P62y + expression 0.889 (0.576-1.370) 0.221 —0.535 0.592

* Statistically significant (p < 0.05).

4. Discussion

The present study highlights the prognostic impact of autophagy-related markers,
LC3B and p62, in SIACs. First, we described the immunohistochemical expression patterns
of LC3B and p62 proteins in our cohort of SIACs. There are various cellular assays for
assessing autophagy, such as transmission electron microscopy, western blotting, flow
cytometry, and fluorescence microscopy [18]. In formalin-fixed paraffin-embedded human
tissue, IHC is a valuable modality that may provide information about the static level
of autophagy-related proteins and prove to be useful in identifying patients for targeted
therapy for modulating autophagy in clinical applications [16,18]. Considering the roles of
LC3B and p62 in the formation of autophagosomes, overexpression of LC3B and p62 may
be observed mainly after the activation of autophagy, but they do not necessarily indicate
high levels of active, ongoing autophagy [16,33]. The inhibition of autophagy may prevent
the degradation of autophagosomes and cause their accumulation. Therefore, high levels
of LC3B and p62 may reflect a defective autophagy pathway [16].

We observed high levels of LC3B and p62 selectively in cancer cells, as previously
described for colon and gastric cancers [33,34]. With regard to staining pattern, LC3B
exhibited nuclear staining, whereas p62 showed definite nuclear expression in addition to
cytoplasmic staining with punctate or diffuse patterns [26,35]. The significance of p62%Y
and p62N!" expression for the assessment of autophagy remains unclear [16]. However,
both staining patterns have been interpreted as surrogates of autophagy [36-39]. We
found a strong association between p62Y+ and p62NU+ expression (p < 0.001, Table 2).
In addition, the level of p62%Y expression positively correlated with the level of p62N!
expression (Pearson correlation coefficient, 0.922; p < 0.001). Thus, the significance of the
p62NU staining pattern may be comparable to that of p62%Y staining. Nucleocytoplasmic
shuttling of p62 has been reported in an in vivo study [40]. In addition, LC3B+ expression
was related to p62%Y+ expression (p = 0.003, Table 2) and the level of LC3B expression
was correlated with each the levels of p62%Y or the levels of p62N" expression (correlation
coefficients, 0.240 and 0.304; p = 0.002 and p < 0.001, respectively). Hence, we conclude that
p62 protein, in combination with LC3B, might be used as an ancillary marker of autophagy
regardless of the staining pattern. The close relationship between LC3B, p62<Y, and p62\!
expression has been described in gastric cancer [33].

Our data demonstrated that autophagy marker expression was associated with the
aggressive behavior of SIACs. LC3B+, p62NU+, or p62-Y+ expression was associated
with shorter survival of patients with SIAC. Moreover, LC3B expression was found to be
an independent prognostic factor in the multivariate analysis. Similar to our results, in
previous studies on gastric [33] and colorectal [39] cancers, LC3B expression was related
to worse prognosis. However, it has been reported that LC3B expression is inversely
correlated with poor prognosis in esophageal [37] and colon [34] cancers. The discrepancies
can be attributed to various factors, such as organ specificity, characteristics of the tumor
itself, genetic factors, antibody clone used in the study, IHC conditions, and cutoff for
expression. In our study, strong cytoplasmic staining with a punctate pattern was regarded
as positive LC3B staining, and many researchers suggested that only punctate staining



J. Clin. Med. 2021, 10, 5398

13 of 16

pattern correlated with autophagy induction and poor prognosis as opposed to diffuse
cytoplasmic staining [26,34].

The prognostic impact of p62 expression in GI adenocarcinomas is also controver-
sial [33,34,39,41]. Yoon et al. [41] and Masuda et al. [33] reported that high p62Nu and
p62%Y expression were associated with worse OS in gastric adenocarcinoma. On the con-
trary, Schmitz et al. [39] and Niklaus et al. [34] showed that high p62%Y expression was
significantly correlated with favorable OS in colorectal cancer, while p62N" expression
level was not associated with OS. Regarding the combination of LC3B and p62 staining,
we found that SIAC patients with either LC3B+/p62NU+ or LC3B+/p62%Y + expression had
shorter survival times than those with other combinations of IHC phenotypes. However,
Niklaus et al. showed that tumors with high LC3B/high p62%Y expression had the best OS,
whereas tumors with high LC3B/low p62%Y expression showed the worst outcome [34].
This inconsistency might be due to the wide range of functions of p62, including those in
the autophagy pathway, the regulation of cell death, and the activation of transcription
factor NF-kB [18]. Furthermore, the levels of p62 can be transcriptionally regulated by
non-autophagic stimuli, such as the mitogen-activated protein kinase (MAPK) signaling
pathway [18] and some p62 positive structures might not reflect autophagosomes. We
observed more frequent p62 expression (25.1% for p62%Y+ and 30.4% for p62NU+) than
LC3B expression (13.5%) in SIACs.

Autophagy was previously thought to play a protective role against malignant trans-
formation. Recently, the role of autophagy in cancer progression and resistance to therapy
has gained increased attention. Sakanshi et al. showed that LC3B was significantly associ-
ated with high pT category and lymphatic and perineural invasion in colorectal cancers [22].
Masuda et al. reported that age >60 years, intestinal type, and lymphatic and vascular
invasion were positively related to the expression of autophagy markers in gastric can-
cers [33]. In addition, it has been reported that autophagy promotes the progression of
cancer of the upper GI tract at an early clinical stage [33,42]. We found that either LC3B+
or LC3B+/p62NU+ expression was correlated with the undifferentiated type and high
histologic grade. LC3B+/p62N!+ expression was also more frequently observed in SIAC
patients aged >60 years. However, subgroup analysis by stage did not reveal an association
between stage and the expression of autophagy markers in our study cohort. Sena et al.
showed that the expression of LC3B in MSS colorectal cancer cells was higher than that
in MSI cancer cells [43]. However, we did not identify any differences in the expression
of autophagy-related proteins between MSI- and MSS-SIAC patients. Lynch syndrome
was also unrelated to the expression of autophagy markers in SIACs, although p62“Y+ and
p62NU+ expression was frequent in cases with predisposing conditions.

A limitation of this study is that patients with stage IV disease were not included
because only surgically resected SIAC specimens were collected. In addition, Crohn’s
disease is a well-known predisposing factor for SIACs in the Western population, but rarely
in Korean patients [32]. Indeed, only one (0.6%) Crohn’s disease-associated SIAC was
observed in our study cohort. Recent advances in genetics have revealed that polymor-
phisms in autophagy-related 16-like 1 (ATG16L1) gene, which is essential for LC3 lipidation
and autophagosome formation, are a genetic risk factor for Crohn’s disease [44]. Hence,
further studies in larger cohorts might provide insight into the roles of autophagy in the
carcinogenesis of SIACs with heterogeneous clinical characteristics.

In conclusion, the high levels of expression of LC3B and p62 proteins selectively in
tumor cells of SIACs suggests that the autophagic process is related to tumorigenesis. The
correlation between LC3B, p62N", and p62%Y expression indicates that p62 protein is a
surrogate marker of autophagy, irrespective of the staining pattern. Of note, we observed
that LC3B and p62 expression, as well as the combined expression of LC3B and p62, have
an impact on cancer progression and are related to patient survival. Moreover, LC3B was
frequently expressed in tumors with an undifferentiated type and a higher histologic grade.
Therefore, LC3B and p62 are potential prognostic biomarkers and promising candidate
targets for the treatment of SIACs. Further investigation into the detailed mechanism of
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LC3B and p62 regulation may provide the basis for anti-cancer therapy through autophagy
modulation in SIACs.

Author Contributions: Conceptualization, investigation, methodology, formal analysis, and visual-
ization, J.-W.K. and J.-Y.C.; writing—original draft preparation, J.-W.K,; data curation and writing—
review and editing, ]-W.K,, ].-Y.C,, S.-Y]., S.-M.H,, ]-M.K,, Y-H.O. and G.S.Y,; resources, supervision,
and project administration, J.-Y.C. and S.-M.H.; funding acquisition, S.-Y.J. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by a National Research Foundation of Korea (NRF) grant funded
by the Korean government (MSIT) (no. 2021R1A2C1003898, awarded to S.-Y.].).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Incheon St. Mary’s
Hospital (OC13SISI0162).

Informed Consent Statement: Patient consent was waived because the study used leftover speci-
mens.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We would like to thank the members of the Korean Small Intestinal Cancer Study
Group: Eun Sun Jung, The Catholic University of Korea College of Medicine, Seoul; Young Kyung Bae,
Yeungnam University College of Medicine, Daegu; Gwang Il Kim, CHA Bundang Medical Center,
CHA University, Seongnam; Kee-Taek Jang, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul; Jung Yeon Kim, Inje University Sanggye Paik Hospital, Seoul; Soo Jin Jung,
Inje University College of Medicine, Busan; Kyu Yun Jang, Chonbuk National University Medical
School, Jeonju; Jinwon Seo, Hallym University Sacred Heart Hospital, Anyang; Eun Kyoung Kwak,
Fatima Hospital, Daegu; Dae Woon Eom, University of Ulsan College of Medicine, Gangneung Asan
Hospital, Gangneung; Hee Kyung Kim, Soonchunhyang University Bucheon Hospital, Bucheon; Hee
Sung Park, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul; and Ji Shin
Lee, Chonnam National University Medical School, Gwangju, Korea.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Korea Central Cancer Registry. National Cancer Center, Korea Central Cancer Registry, Information. Annual Report of Cancer
Statistics in Korea in 2018. Available online: http://ncc.re.kr/cancerStatsList.ncc (accessed on 30 April 2021).

2. Korea Central Cancer Registry. National Cancer Center, Korea Central Cancer Registry, Information. Annual Report of National
Cancer Registration 2003. Available online: http://ncc.re.kr/cancerStatsList.ncc (accessed on 7 January 2009).

3. Bilimoria, K.Y.; Bentrem, D.]J.; Wayne, ].D.; Ko, C.Y.; Bennett, C.L.; Talamonti, M.S. Small bowel cancer in the United States:
Changes in epidemiology, treatment, and survival over the last 20 years. Ann. Surg. 2009, 249, 63-71. [CrossRef]

4. Delaunoit, T.; Neczyporenko, E; Limburg, PJ.; Erlichman, C. Pathogenesis and risk factors of small bowel adenocarcinoma: A
colorectal cancer sibling? Off. |. Am. Coll. Gastroenterol. ACG 2005, 100, 703-710. [CrossRef] [PubMed]

5. Xue, Y.; Vanoli, A.; Balci, S.; Reid, M.M.; Saka, B.; Bagci, P.; Memis, B.; Choi, H.; Ohike, N.; Tajiri, T,; et al. Non-ampullary-duodenal
carcinomas: Clinicopathologic analysis of 47 cases and comparison with ampullary and pancreatic adenocarcinomas. Mod. Pathol.
2017, 30, 255-266. [CrossRef] [PubMed]

6.  Reid, M.D.; Balci, S.; Ohike, N.; Xue, Y.; Kim, G.E; Tajiri, T.; Memis, B.; Coban, L; Dolgun, A.; Krasinskas, A.M.; et al. Ampullary
carcinoma is often of mixed or hybrid histologic type: An analysis of reproducibility and clinical relevance of classification as
pancreatobiliary versus intestinal in 232 cases. Mod. Pathol. 2016, 29, 1575-1585. [CrossRef]

7. Benson, A.B.; Venook, A.P.; Al-Hawary, M.M.; Arain, M.A_; Chen, Y.-].; Ciombor, K.K.; Cohen, S.A.; Cooper, H.S.; Deming, D.A.;
Garrido-Laguna, I. Small bowel adenocarcinoma, version 1.2020, NCCN clinical practice guidelines in oncology. J. Natl. Compr.
Cancer Netw. 2019, 17, 1109-1133. [CrossRef] [PubMed]

8.  Akce, M,; Jiang, R.; Zakka, K.; Wu, C.; Alese, O.B.; Shaib, W.L.; Behera, M.; El-Rayes, B.F. Clinical Outcomes of Small Bowel
Adenocarcinoma. Clin. Colorectal Cancer 2019, 18, 257-268. [CrossRef]

9.  Levine, B.; Kroemer, G. Autophagy in the pathogenesis of disease. Cell 2008, 132, 27—42. [CrossRef] [PubMed]

10.  Galluzzi, L.; Pietrocola, F; Bravo-San Pedro, ].M.; Amaravadi, R K.; Baehrecke, E.H.; Cecconi, F.; Codogno, P.; Debnath, J.; Gewirtz,

D.A.; Karantza, V. Autophagy in malignant transformation and cancer progression. EMBO J. 2015, 34, 856-880. [CrossRef]
[PubMed]


http://ncc.re.kr/cancerStatsList.ncc
http://ncc.re.kr/cancerStatsList.ncc
http://doi.org/10.1097/SLA.0b013e31818e4641
http://doi.org/10.1111/j.1572-0241.2005.40605.x
http://www.ncbi.nlm.nih.gov/pubmed/15743371
http://doi.org/10.1038/modpathol.2016.174
http://www.ncbi.nlm.nih.gov/pubmed/27739441
http://doi.org/10.1038/modpathol.2016.124
http://doi.org/10.6004/jnccn.2019.0043
http://www.ncbi.nlm.nih.gov/pubmed/31487687
http://doi.org/10.1016/j.clcc.2019.08.002
http://doi.org/10.1016/j.cell.2007.12.018
http://www.ncbi.nlm.nih.gov/pubmed/18191218
http://doi.org/10.15252/embj.201490784
http://www.ncbi.nlm.nih.gov/pubmed/25712477

J. Clin. Med. 2021, 10, 5398 15 of 16

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lim, S.M.; Mohamad Hanif, E.A.; Chin, S.-F. Is targeting autophagy mechanism in cancer a good approach? The possible
double-edge sword effect. Cell Biosci. 2021, 11, 56. [CrossRef]

Levy, ] M.M.; Thompson, J.C.; Griesinger, A.M.; Amani, V.; Donson, A.M.; Birks, D.K.; Morgan, M.].; Mirsky, D.M.; Handler, M.H.;
Foreman, N.K. Autophagy inhibition improves chemosensitivity in BRAFV600E brain tumors. Cancer Discov. 2014, 4, 773-780.
[CrossRef]

Liu, T.; Zhang, J.; Li, K.; Deng, L.; Wang, H. Combination of an Autophagy Inducer and an Autophagy Inhibitor: A Smarter
Strategy Emerging in Cancer Therapy. Front. Pharmacol. 2020, 11, 408. [CrossRef]

Cheong, H.; Klionsky, D.]J. Biochemical methods to monitor autophagy-related processes in yeast. Methods Enzymol. 2008, 451,
1-26. [CrossRef] [PubMed]

Kabeya, Y.; Mizushima, N.; Ueno, T.; Yamamoto, A.; Kirisako, T.; Noda, T.; Kominami, E.; Ohsumi, Y.; Yoshimori, T. LC3, a
mammalian homologue of yeast Apg8p, is localized in autophagosome membranes after processing. EMBO ]. 2000, 19, 5720-5728.
[CrossRef] [PubMed]

Schléfli, A.; Berezowska, S.; Adams, O.; Langer, R.; Tschan, M. Reliable LC3 and p62 autophagy marker detection in formalin
fixed paraffin embedded human tissue by immunohistochemistry. Eur. |. Histochem. EJH 2015, 59, 2481. [CrossRef]

Pankiv, S.; Clausen, T.H.; Lamark, T.; Brech, A.; Bruun, J.-A.; Outzen, H.; Overvatn, A.; Bjerkey, G.; Johansen, T. p62/SQSTM1
binds directly to Atg8/LC3 to facilitate degradation of ubiquitinated protein aggregates by autophagy. J. Biol. Chem. 2007, 282,
24131-24145. [CrossRef] [PubMed]

Klionsky, D.J.; Abdelmohsen, K.; Abe, A.; Abedin, M.].; Abeliovich, H.; Arozena, A.A.; Adachi, H.; Adams, C.M.; Adams, PD.;
Adeli, K. Guidelines for the use and interpretation of assays for monitoring autophagy. Autophagy 2016, 12, 1-222. [CrossRef]
Jiang, P.; Mizushima, N. LC3-and p62-based biochemical methods for the analysis of autophagy progression in mammalian cells.
Methods 2015, 75, 13-18. [CrossRef]

Ko, YH.; Cho, Y.S.; Won, H.S,; Jeon, EK.; An, H.].; Hong, S.U.; Park, ]. H.; Lee, M. A. Prognostic significance of autophagy-related
protein expression in resected pancreatic ductal adenocarcinoma. Pancreas 2013, 42, 829-835. [CrossRef]

Wu, D.H,; Jia, C.C.; Chen, J; Lin, ZX,; Ruan, D.Y,; Li, X,; Lin, Q.; Min, D.; Ma, X.K.; Wan, X.B; et al. Autophagic LC3B
overexpression correlates with malignant progression and predicts a poor prognosis in hepatocellular carcinoma. Tumor Biol.
2014, 35, 12225-12233. [CrossRef]

Sakanashi, F,; Shintani, M.; Tsuneyoshi, M.; Ohsaki, H.; Kamoshida, S. Apoptosis, necroptosis and autophagy in colorectal cancer:
Associations with tumor aggressiveness and p53 status. Pathol. Res. Pract. 2019, 215, 152425. [CrossRef] [PubMed]

Wang, Y.; Zhao, Z.; Zhuang, J.; Wu, X.; Wang, Z.; Zhang, B.; Gao, G.; Zhang, Y.; Guo, C.; Xia, Q. Prognostic Value of Autophagy,
Microsatellite Instability, and KRAS Mutations in Colorectal Cancer. J. Cancer 2021, 12, 3515. [CrossRef]

Iwadate, R.; Inoue, J.; Tsuda, H.; Takano, M.; Furuya, K.; Hirasawa, A.; Aoki, D.; Inazawa, ]. High Expression of p62 Protein
Is Associated with Poor Prognosis and Aggressive Phenotypes in Endometrial Cancer. Am. |. Pathol. 2015, 185, 2523-2533.
[CrossRef]

Thompson, H.G.; Harris, ].W.; Wold, B.].; Lin, F; Brody, ].P. p62 overexpression in breast tumors and regulation by prostate-derived
Ets factor in breast cancer cells. Oncogene 2003, 22, 2322-2333. [CrossRef]

Lei, C.; Zhao, B,; Liu, L.; Zeng, X.; Yu, Z.; Wang, X. Expression and clinical significance of p62 protein in colon cancer. Medicine
2020, 99, €18791. [CrossRef] [PubMed]

Chang, H.-K,; Yu, E.; Kim, J.; Bae, Y.K; Jang, K.-T.; Jung, E.S.; Yoon, G.S.; Kim, ].M.; Oh, Y.-H.; Bae, H.-I. Adenocarcinoma of
the small intestine: A multi-institutional study of 197 surgically resected cases. Hum. Pathol. 2010, 41, 1087-1096. [CrossRef]
[PubMed]

Jun, S.Y;; Lee, E.J.; Kim, M.].; Chun, S.M.; Bae, Y.K.; Hong, S.U.; Choi, ].; Kim, ].M.; Jang, K.T.; Kim, ].Y.; et al. Lynch syndrome-
related small intestinal adenocarcinomas. Oncotarget 2017, 8, 21483-21500. [CrossRef] [PubMed]

Coit, D.G.; Kelsen, D.; Tang, L.H.; Erasmus, ].J.; Gerdes, H.; Hostetter, W.L. Small Intestine. In AJCC Cancer Staging Manual, 8th
ed.; Amin, M.B., Edge, S.B., Greene, FL., Eds.; American Joint Committee on Cancer: Chicago, IL, USA, 2017; pp. 221-234.
Nagtegaal, I.D.; Arends, M.].; Salto-Tellez, M. Colorectal Adenocarcinoma. In WHO Classification of Tumors Editorial Board.
Digestive System Tumours, 5th ed.; International Agency for Research on Cancer: Lyon, France, 2019; pp. 177-187.

Lee, H].; Lee, O.-].; Jang, K.-T.; Bae, Y.K,; Chung, ].-Y.; Eom, D.W.; Kim, ] M.; Yu, E.; Hong, S.-M. Combined Loss of E-cadherin
and Aberrant 3-Catenin Protein Expression Correlates With a Poor Prognosis for Small Intestinal Adenocarcinomas. Am. J. Clin.
Pathol. 2013, 139, 167-176. [CrossRef]

Kim, J.W,; Chung, ].-Y,; Ylaya, K,; Park, Y.; Jun, S.-Y.; Hong, S.-M.; Hewitt, S.M. Prognostic implication of SOX2 expression in
small intestinal adenocarcinoma. Virchows Arch. 2021, 478, 1049-1060. [CrossRef]

Masuda, G.; Yashiro, M.; Kitayama, K.; Miki, Y; Kasashima, H.; Kinoshita, H.; Morisaki, T.; Fukuoka, T.; Hasegawa, T.; Sakurai, K.
Clinicopathological correlations of autophagy-related proteins LC3, Beclin 1 and p62 in gastric cancer. Anticancer. Res. 2016, 36,
129-136.

Niklaus, M.; Adams, O.; Berezowska, S.; Zlobec, I.; Graber, E.; Slotta-Huspenina, J.; Nitsche, U.; Rosenberg, R.; Tschan, M.P;
Langer, R. Expression analysis of LC3B and p62 indicates intact activated autophagy is associated with an unfavorable prognosis
in colon cancer. Oncotarget 2017, 8, 54604-54615. [CrossRef] [PubMed]


http://doi.org/10.1186/s13578-021-00570-z
http://doi.org/10.1158/2159-8290.CD-14-0049
http://doi.org/10.3389/fphar.2020.00408
http://doi.org/10.1016/s0076-6879(08)03201-1
http://www.ncbi.nlm.nih.gov/pubmed/19185709
http://doi.org/10.1093/emboj/19.21.5720
http://www.ncbi.nlm.nih.gov/pubmed/11060023
http://doi.org/10.4081/ejh.2015.2481
http://doi.org/10.1074/jbc.M702824200
http://www.ncbi.nlm.nih.gov/pubmed/17580304
http://doi.org/10.1080/15548627.2015.1100356
http://doi.org/10.1016/j.ymeth.2014.11.021
http://doi.org/10.1097/MPA.0b013e318279d0dc
http://doi.org/10.1007/s13277-014-2531-7
http://doi.org/10.1016/j.prp.2019.04.017
http://www.ncbi.nlm.nih.gov/pubmed/31097354
http://doi.org/10.7150/jca.51430
http://doi.org/10.1016/j.ajpath.2015.05.008
http://doi.org/10.1038/sj.onc.1206325
http://doi.org/10.1097/MD.0000000000018791
http://www.ncbi.nlm.nih.gov/pubmed/32011477
http://doi.org/10.1016/j.humpath.2010.01.006
http://www.ncbi.nlm.nih.gov/pubmed/20334897
http://doi.org/10.18632/oncotarget.15277
http://www.ncbi.nlm.nih.gov/pubmed/28206961
http://doi.org/10.1309/AJCPS54RTFCTHGWX
http://doi.org/10.1007/s00428-020-02946-x
http://doi.org/10.18632/oncotarget.17554
http://www.ncbi.nlm.nih.gov/pubmed/28903368

J. Clin. Med. 2021, 10, 5398 16 of 16

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Myung Park, J.; Huang, S.; Wu, T.-T.; Foster, N.R.; Sinicrope, F.A. Prognostic impact of Beclin 1, p62/sequestosome 1 and LC3
protein expression in colon carcinomas from patients receiving 5-fluorouracil as adjuvant chemotherapy. Cancer Biol. Ther. 2013,
14, 100-107. [CrossRef] [PubMed]

Liu, J.; Chen, F; Lung, J.; Lo, C.; Lee, F; Lu, Y,; Hung, C. Prognostic significance of p62/SQSTM1 subcellular localization and
LC3B in oral squamous cell carcinoma. Br. |. Cancer 2014, 111, 944-954. [CrossRef]

Adams, O.; Dislich, B.; Berezowska, S.; Schlafli, A.M.; Seiler, C.A.; Kroell, D.; Tschan, M.P,; Langer, R. Prognostic relevance of
autophagy markers LC3B and p62 in esophageal adenocarcinomas. Oncotarget 2016, 7, 39241. [CrossRef]

Kim, J.S,; Bae, G.E.; Kim, K.-H.; Lee, S.-I.; Chung, C.; Lee, D.; Lee, T.H.; Kwon, 1.S.; Yeo, M.-K. Prognostic significance of LC3B and
p62/SQSTM1 expression in gastric adenocarcinoma. Anticancer Res. 2019, 39, 6711-6722. [CrossRef] [PubMed]

Schmitz, K.J.; Ademi, C.; Bertram, S.; Schmid, K.W.; Baba, H.A. Prognostic relevance of autophagy-related markers LC3,
p62/sequestosome 1, Beclin-1 and ULK1 in colorectal cancer patients with respect to KRAS mutational status. World J. Surg.
Oncol. 2016, 14, 1-13. [CrossRef] [PubMed]

Pankiv, S.; Lamark, T.; Bruun, J.-A.; @vervatn, A.; Bjerkey, G.; Johansen, T. Nucleocytoplasmic shuttling of p62/SQSTM1 and its
role in recruitment of nuclear polyubiquitinated proteins to promyelocytic leukemia bodies. J. Biol. Chemn. 2010, 285, 5941-5953.
[CrossRef] [PubMed]

Yoon, J.-Y.; Brezden-Masley, C.; Streutker, C.J. Autophagic Heterogeneity in Gastric Adenocarcinoma. Front. Oncol. 2021, 11, 903.
[CrossRef]

Yoshioka, A.; Miyata, H.; Doki, Y.; Yamasaki, M.; Sohma, I.; Gotoh, K.; Takiguchi, S.; Fujiwara, Y.; Uchiyama, Y.; Monden, M. LC3,
an autophagosome marker, is highly expressed in gastrointestinal cancers. Int. J. Oncol. 2008, 33, 461-468. [CrossRef]

Sena, P.; Mariani, F; Mancini, S.; Benincasa, M.; Magnani, G.; Pedroni, M.; Palumbo, C.; Roncucci, L. Autophagy is upregulated
during colorectal carcinogenesis, and in DNA microsatellite stable carcinomas. Oncol. Rep. 2015, 34, 3222-3230. [CrossRef]
Nguyen, H.T.T.; Lapaquette, P; Bringer, M.-A.; Darfeuille-Michaud, A. Autophagy and Crohn’s disease. . Innate Immun. 2013, 5,
434-443. [CrossRef]


http://doi.org/10.4161/cbt.22954
http://www.ncbi.nlm.nih.gov/pubmed/23192274
http://doi.org/10.1038/bjc.2014.355
http://doi.org/10.18632/oncotarget.9649
http://doi.org/10.21873/anticanres.13886
http://www.ncbi.nlm.nih.gov/pubmed/31810936
http://doi.org/10.1186/s12957-016-0946-x
http://www.ncbi.nlm.nih.gov/pubmed/27444698
http://doi.org/10.1074/jbc.M109.039925
http://www.ncbi.nlm.nih.gov/pubmed/20018885
http://doi.org/10.3389/fonc.2021.555614
http://doi.org/10.3892/ijo_00000028
http://doi.org/10.3892/or.2015.4326
http://doi.org/10.1159/000345129

	Introduction 
	Methods 
	Study Population 
	IHC 
	Evaluation of IHC 
	Microsatellite Instability (MSI) Analysis 
	Statistical Analysis 

	Results 
	Study Population and Tumor Characteristics 
	IHC Expression of LC3B and p62 
	Association between Clinicopathologic Features and p62 and LC3B Expression 
	Prognostic Significance of LC3B and p62 Expression 

	Discussion 
	References

