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Abstract
Describe clinical, histological and molecular charatcteristics and prognosis values of the serrated candidate markers AnnexinA10
and Gremlin1 in colon adenocarcinomas. Immunohistochemical expression of AnnexinA10 and Gremlin1 was evaluated on 346
colonic adenocarcinomas. Clinicopathological, molecular features and prognostic characteristics were then evaluated. A total of
40 colonic adenocarcinomas expressed AnnexinA10 (11.6%) and, 115 expressed Gremlin1 (40.4%). AnnexinA10 expression
was significantly associated, on univariate analyses, with female gender (p = 0.03), right tumor location (p < 0.001), differenti-
ation grade 3 (p < 0.001), serrated adenocarcinoma subtype (p < 0.001), serrated (p < 0.001), medullary (p = 0.005), and mucin-
ous component (p = 0.004), cytoplasmic eosinophilia (p < 0.001), discernible nuclei (p = 0.001), preserved polarity (p < 0.001),
lymphatic invasion (p = 0.01), BRAFV600E mutation (p < 0.001), MSI-H status (p < 0.001) and CIMP-H status (p = 0.019).
Multivariate analyses revealed that mucinous component (p = 0.002), lymphatic invasion (p = 0.02) and BRAFV600E mutation
(p < 0.001) were independently associated with AnnexinA10 expression. In addition, AnnexinA10 was an indicator of poorer
overall survival (OS) in UICC stage IV adenocarcinomas (p = 0.01) only. Gremlin1 expression was neither associated with
serrated adenocarcinoma subtype (p = 0.51) nor with AnnexinA10 expression (p = 0,31), but was significantly associated, in
univariate analysis with male gender (p = 0.002), younger age (p = 0.002), left tumor location (p = 0.04), and MSS status (p =
0.03). Gremlin1 expression was associated with better OS only in UICC stage III colon adenocarcinomas (p = 0.006). Colon
adenocarcinomas expressing AnnexinA10 have distinct clinico-pathological and molecular features. AnnexinA10 expression is
an indicator of poorer OS in UICC stage IV patients. Gremlin1 expression is not associated with serrated adenocarcinomas
subtype. Its expression was associated with better OS in UICC Stage III patients.
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Introduction

Colorectal cancer (CRC) is the third most common type of
cancer and the second leading cause of cancer death world-
wide [1]. Most CRC develop from conventional adenomas
according to the adenoma-carcinoma sequence involving
APC, KRAS and p53 mutations. In contrast, a minority of
CRC (7.5%) recently called serrated adenocarcinomas
(SAC), develop from serrated polyps on the basis of an alter-
native pathway of CRC. This pathway, known as the serrated
pathway is characterized by molecular alterations such as ac-
tivation of the MAPK pathway through mutations of BRAF or
KRAS, high CpG island methylator phenotype (CIMP-H) and
low or high-level DNA microsatellite instability (MSI-L/H)
[2, 3].
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Tumors of serrated pathway occur more frequently in
women, are discovered at an advanced age and are mainly
located in the right colon [2]. Diagnostic criteria for SAC,
according to the World Health Organization (WHO) are:
“morphological similarities with serrated polyps, with glandu-
lar serration that can be accompanied by mucinous areas. The
tumors cells have a low N:C ratio” [4]. A previous study
specified that the diagnosis of SAC can be based on the fol-
lowing criteria: abundant eosinophilic cytoplasm, easily dis-
cernible nuclei with chromatin condensation around the nu-
clear envelope, preserved polarity, and architecture described
as being serrated in differentiated carcinomas, trabecular in
poorly differentiated carcinomas, and mucinous in mucin-
producing carcinomas [5]. Molecularly, SAC are more often
associatedwith CIMP-H,MSI-H status, andBRAFV600Emu-
tation. KRAS-mutated adenocarcinomas have also been de-
scribed, showing concurrent loss of MGMT and functionally
preserved APC [3].

Thus, in current practice, the diagnosis of SAC can be
challenging because the histological criteria remain imprecise,
especially in poorly differentiated cases.

Recently, Sajanti et al. [6] identified Annexin A10
(ANXA10), as a potential marker of the serrated pathway
and especially sessile serrated lesion and SAC. ANXA10 thus,
could clinically help in rare difficult cases to distinguish ses-
sile serrated lesion from conventional adenoma.

ANXA10 is a member of the annexin family, a large
multigene family of calcium and phospholipid-binding pro-
teins with diverse range of cellular functions such as: vesicle
trafficking, cell division, apoptosis, calcium signaling and
growth regulation [7]. The role of ANXA10 in tumorigenesis
remains incompletely defined. Its expression would have a
different prognostic value depending on the primitive site.
Some authors have reported that low expression of
ANXA10 was associated with poor survival in gastric and
bladder cancer [8, 9], as well as early recurrence and poor
prognosis in hepatocellular carcinoma [10]. Whereas, high
ANXA10 expression in oral squamous cell carcinomas was
associated with advanced-tumors stage and was correlated
with tumor size [11].

The prognosis impact of ANXA10 in CRC was
assessed in one study only [12]. This study showed that
ANXA10 was associated with poor overall survival and
progression free survival, especially in stage IV CRC.

According to the literature, ANXA10 is overexpressed in
5.8 to 8.8% of all CRC [12], and in 17 to 33% of sporadic
MSI-H CRCs [13, 14]. In addition, CRC overexpressing
ANXA10 have the same clinical and molecular characteristics
as SAC: women predominance, proximal tumor location, and
MSI-H, CIMP-H and BRAF-mutated molecular statuses [6,
12–14]. In these studies, cancers expressing ANXA10 had a
serrated morphology, without any detail of cytological
aspects.

Another potential marker of serrated pathway, Gremlin1, a
product of GREM1 gene, has also been recently identified
[15]. Abundant Gremlin1 expression seems to be associated
with serrated histology, low histological grade, low TNM
stage and would also be a stage independent indicator of better
survival. No morphological criteria other than serrated archi-
tecture were analyzed. Gremlin1 plays a role in regulating
organogenesis, tissue differentiation and angiogenesis. A re-
cent study shows a potential role of Gremlin1 as a better prog-
nosis indicator in gastric cancer [16]. To date Gremlin1
immunolabelling doesn’t have any established routine use.

The aims of our study are to thoroughly describe the histo-
logical features of CRC expressing the serrated markers
ANXA10 or Gremlin1 and to evaluate the prognosis impact
of their expression.

Materials and Methods

Patients

This study was based on adult patients who underwent surgery
for sporadic colon cancer in the Digestive SurgeryDepartment
of the Academic Hospital of Reims, between September 2006
and December 2012. Patients with rectal cancer or who
underwent neoadjuvant therapies were excluded. All patients
had given their consent for biospecimen use and the study was
performed in accordance with the ethical standards laid down
in the Declaration of Helsinki. The written consent of patients
to the biospecimen use was obtained in all cases. Approval for
the study was previously obtained from the local Institutional
Review Board and the Tissue Bank Management Board.

Clinical information including sex, age at the time of sur-
gery, tumor location, surgical circumstances (tumor perfora-
tion, occlusion), tumor recurrence, death, follow-up informa-
tion were retrieved from medical records. Patients were clas-
sified as having a right colonic cancer if the primary tumor
was located in the caecum, ascending colon, hepatic flexure or
transverse colon, and left colonic cancer if the tumor site was
within the splenic flexure, descending colon, sigmoid colon or
rectosigmoid junction. Molecular data including microsatel-
lite instability (MSI) status, CIMP status, RAS and BRAF sta-
tus were also collected.

Pathology

All cases of colon adenocarcinomas were classified and
subtyped according to TheWorld Health Organization criteria
[4] and staged according to the International Union Against
Cancer 2009 guidelines [17]. All slides were retrieved from
the archives of the Department of Pathology of the Academic
Hospital of Reims and were reviewed and classified by three
pathologists (BM, CBR and MDD). Adenocarcinomas were
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classified as non serrated, serrated or potential serrated accord-
ing to The World Health Organization and Tupurrainen
criteria [4, 5]. The category of “potential serrated carcinomas”
corresponded to adenocarcinomas with suggestive character-
istics of SACs (not all criteria were present). These criteria
were evaluated blinded to ANXA10 and Gremlin1 immuno-
histochemical results. Tumor budding was assessed on
Hematoxylin- Eosin-Saffron slides as previously described
[18].

The following morphological criteria were evaluated for all
ANXA10 positive cases and the same number of randomly
selected ANXA10 negative cases: percentage of serrated, mu-
cinous, cribriform, tubulo-papillary, micropapillary or medul-
lary architecture, tumor necrosis percentage, tumor stroma
percentage, degree of stromal inflammation (0: absent, 1:
mild, 2: moderate, 3: abundant), presence or absence of tumor
infiltrating lymphocyte (TIL), type of tumor invasion front
(expansive, invasive type or both), presence of a serrated pol-
yp at the edge of the tumor, presence and percentage of eosin-
ophilic cytoplasms, vesicular nuclei, discernible nuclei, prom-
inent nucleoli, nuclear stratification and presence of brush
border at the apex of the cells, degree of cytonuclear atypia,
perineural, lymphatic or vascular invasion and tumor budding.

Tissue Microarray (TMA) Construction and
Immunohistochemistry

All tissue samples were analyzed via tissue microarrays
(TMA). For each tumor, 3 cores were punched in the central
part and 3 cores at the invasive front of the tumor from the
same original formalin-fixed paraffin-embedded tumor block.
In some TMA, a core of normal colonic mucosa was inserted
between each tumor cases (n = 161). The cores were precisely
arrayed into a recipient paraffin block using the MiniCore
Tissue Arrayer (Excilone, Elancourt, France). Sections of
4-μm thickness were cut and mounted on SuperFrost Ultra
Plus Gold adhesive slides (ref. 11,976,299, Thermofisher
Scientific, Waltham, MA, USA). Then, immunohistochemis-
try was performed using anti-ANXA10 (1/400, rabbit poly-
clonal, ref. NBP1–90156, Novus Biologicals, Littleton, CO,
USA) and anti-Gremlin1 antibodies (1/50, rabbit polyclonal,
ref. ab22138, Abcam, Cambridge, United Kigdom) with the
BenchMark XT automated slide stainer (Ventana Medical
Systems, Tucson, AZ, USA). CDX2, MLH1, PMS2, MSH2
and MSH6 immunohistochemistry were performed as previ-
ously described [19, 20].

ANXA10, Gremlin1, CDX2, MLH1, MSH2, MSH6 and
PMS2 immunolabelling were evaluated in a binary manner as
either positive or negative independently by 3 pathologists
(AMB, BM, CB-R). For ANXA10 and Gremlin1 tumor cell
positivity percentage evaluation, the mean score of all the
TMA core percentage of each case was used in order to close-
ly approach the whole slide type evaluation. All tumors in

which the tumor nucleus either completely lacked immuno-
staining or showed staining in a minority (<1%) of tumor cells
for ANXA10 were scored as negative. Immunohistochemical
findings were considered as positive when at least 1% of the
tumor cells showed an unequivocal nuclear staining.
Gremlin1 cytoplasmic expression was scored identically
when unequivocal cytoplasmic expression was observed in
at least 1% of malignant cells. In case of discrepancies, a
consensus diagnosis was reached. For cases with missing
cores or absence of tumor cells a whole-tissue section was
performed.

Molecular Analyses

Tumor DNA was extracted from formalin-fixed, paraffin-
embedded (FFPE) tissues after macrodissection of a
preselected area with the highest adenocarcinomatous cells
density. Each sample analyzed contained at least 30% of tu-
mor cells. DNA was extracted on Maxwell® 16 Instruments
automaton after tumor macrodissection with Maxwell® 16
FFPE Tissue LEV DNA Purification Kit (all products from
Promega Corporation,Madison, USA).BRAFmutation detec-
tion was assessed by allelic discrimination using TaqMan
probes as previously described [19]. KRAS gene mutations
on codons 12 and 13 were searched by pyrosequencing anal-
ysis using the Pyromark Q96 kit (Quiagen GmbH, Hilden,
Germany) as previously described [19]. The MSI status was
determined by Multiplex PCR analysis of 5 mononucleotitic
markers (BAT25, BAT26, MONO27, NR21, NR24) and 2
pentanucleotidic markers (PentaC and Penta D) using the
MSI Analysis System kit, Version 1.2 (ref. MD1641,
Promega Corporation, Madison, USA) as previously de-
scribed [19].

Statistical and Survival Analyses

Data were described using mean and standard deviation for
quantitative variables and number and percentage for qualita-
tive variables. Factors associated with ANXA10 or Gremlin1
expression, and the morphological classification (non serrat-
ed, serrated or potential serrated) were studied using univari-
ate analyses (Chi2 tests, Fisher’s exact tests, Student’s t tests,
linear regressions or Wilcoxon tests, as appropriate) and mul-
tivariate analysis (logistic regressions with stepwise selection,
with entry and removal limits set at 0.10 and factors signifi-
cant at p = 0.10 in univariate analysis included). Overall and
event-free survivals were studied. In event-free survival, event
considered were disease progression or recurrence. The sur-
vival curves were established by the Kaplan-Meier method.
For each analysis, prognostic factors were identified by uni-
variate analysis using Log rank tests and by multivariate anal-
ysis using a Cox proportional hazard model. Factors signifi-
cant at the 0.10 level in univariate analysis were included in a
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stepwise regression multivariate analysis with entry and re-
moval limits set at 0.10. Statistical analyses were performed
with SAS version 9.4 (SAS institute Inc., Cary, North
California). For all tests, p < 0.05 were considered to be sta-
tistically significant.

Intra- and inter-observer variation was quantified using the
unadjusted kappa coefficient of agreement (κ).

Results

Patients and Clinicopathological Features

A total of 346 patients were included in our study. The male to
female ratio was 1.35:1 (199 males (57.5%) and 147 females
(42.5%)) and mean age was 70.6 years ±11.2 years. Tumors
were right-sided in 154 cases (44.5%) and left-sided in 192
cases (55.5%). Nine cases (2.6%) were classified as serrated
adenocarcinoma and 10 cases (2.9%) were classified as poten-
tially serrated adenocarcinoma. Follow-up data were available
for all except 12 patients. The median follow-up time was
43 months [minimum: 1 day – maximum: 111 months].
Clinicopathological features of the cohort are detailed in
Table 1.

Clinico-Pathological Characteristics of ANXA10+ and
Gremlin+ Ecolonic Adenocarcinomas

ANXA10 and Gremlin Expression in the CRC Cohort

ANXA10 immunohistochemical expression analysis had
an almost perfect interobserver agreement (κ between
0.91 and 0.96). Discordant cases were collegially
reviewed and a total of 40 cases (12.7%) of adenocar-
cinomas expressing ANXA10 were retained The per-
centage of ANXA10 positive tumor cells nucleus was
12.2 ± 12.8 [1–65%]). Thirtheen of these 40 cases
(32,5%) had global ANXA10 nuclear positivity percent-
age between 1 and 5% and 27/40 (67.5%) expressed
ANXA10 in more than 5% of the tumor cells. All cases
with a global positivity score between 1 and 5% had at
least one TMA core with a positivity score ≥ 5%. In
normal colonic mucosa (n = 161), a weakly cytoplasmic
ANXA10 expression was observed in epithelial cells,
but no nuclear expression. Some inflammatory cells of
the lamina propria showed ANXA10 cytoplasmic and
n u c l e a r e x p r e s s i o n . E x amp l e s o f ANXA10
immunolabelling are given in Fig. 1a, b.

Gremlin1 expression was successfully evaluated on
285/346 cases. The inter-observer agreement was perfect
(no discrepancy). A total of 115 cases expressed
Gremlin1 (40.4%). Gremlin1 immunolabelling was cyto-
plasmic and granular. The percentage of tumor cells

expressing Gremlin1 varied between 1 and 82% (mean
of 23.5% ± 23.4). No expression was found in normal
colonic mucosa (n = 161). Examples of Gremlin
immunolabelling are given in Fig. 1c, d.

Only 11 cases co-expressed Gremlin1 and ANXA10.
Expression of these two markers were not statistically corre-
lated (κ = −0.045; p = 0.31).

Table 1 Clinicopathological features of the cohort (n = 346)

Clinical/pathological features n (%)

Gender

Male 199 (57.5)

Female 147 (42.5)

Age (Mean ± standard deviation) years 70.6 ± 11.2

UICC stage

Stage I 40 (11.7)

Stage II 133 (38.8)

Stage III 85 (24.8)

Stage IV 85 (24.8)

Tumor location

Left colon 192 (55.5)

Right colon 154 (44.5)

Differentiation grade

Grade 1–2 291 (84.1)

Grade 3 55 (15.9)

Annexin A10

Positive 40 (12.7)

Negative 276 (87.3)

Gremlin1

Positive 115 (40.3)

Negative 170 (59.7)

Serrated adenocarcinoma

Yes 9 (2.6)

No 327 (94.5)

Potential 10 (2.9)

KRAS status

Wild type 108 (69.2)

Mutant 48 (30.8)

BRAF status

Wild type 265 (85.8)

Mutant 44 (14.2)

Microsatellite status

MSS 274 (87)

MSI 41 (13)

CIMP status

No CIMP 23 (37.1)

CIMP-Low 32 (51.6)

CIMP-High 7 (11.3)
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Histological Characteristics of ANXA10+ CRC

The 40 ANXA10 expressing cases were compared to 40 ran-
domly selected ANXA10 negative cases. Description of the
80 selected cases is reported in Supplementary table.

Univariate and multivariate analysis results comparing
ANXA10+ and ANXA10- cases pathological characteristics
are detailed in Table 2. ANXA10 expression was significantly
associated on univariate analyses with serrated architecture
(p < 0.001) (Fig. 2a, b), medullary pattern (p = 0.005) (Fig.
2c), and mucinous pattern (p = 0.004) (Fig. 2d). In univariate
analysis, ANXA10+ CRC had significantly more cytoplasmic
eosinophilia (p < 0.001), more discernible nuclei (p = 0.001),
less preserved polarity (p < 0.001), less well-ordered brush
border (p = 0.005), less abundant tumor stroma (p = 0.02)
and more frequent lymphatic invasion (p = 0.01). Nine
ANXA10+ cases (22.5%) were classified as serrated carcino-
mas and 10 (25.0%) as potential serrated adenocarcinomas
(Fig. 2e). No ANXA10 negative case was classified in both
categories (p < 0.001). A total of 15 ANXA10+ cases (37.5%)
totally lacked both serrated architecture and cytoplasmic eo-
sinophilia that are the characteristical criteria of serrated ade-
nocarcinomas. Thus, one third of ANXA10+ adenocarcinoma
totally lacked the typical serrated morphology. Among these
cases, 5 were of medullary and 3 mucinous subtypes of ade-
nocarcinomas, and the 7 other had classical colon adenocarci-
noma morphology. We found a sensitivity of 100% and a

specificity of 56% for ANXA10 expression as marker for
SAC.

In multivariate analysis (Table 2), colon adenocarcinomas
expressing ANXA10 were significantly associated with mu-
cinous architecture (OR = 7.2 [2.1–27.8]; p = 0.002) and lym-
phatic invasion (OR = 4.3 [1.3–14.9]; p = 0.02) and showed a
tendency to be associated with cytoplasmic eosinophilia
(OR = 1.03 [0.99–1.06]; p = 0.08) and discernible nuclei
(OR = 1.05 [0 .99–1.09] ; p = 0.055) . Because of
multicollinearity, serrated architecture and serrated classifica-
tion have not been included in multivariate analysis.

Clinicopathological and Molecular Characteristics
of ANXA10+ Cases

The relationship between ANXA10 expressing adenocarci-
nomas and different clinicopathological characteristics was
analyzed. Results are reported in Table 3. ANXA10 expres-
sion was significantly associated on univariate analysis, with
female gender (p = 0.03), right tumor location (p < 0.001),
poor differentiation grade (p < 0.001), absence of CDX2 ex-
pression (p = 0.007), BRAF mutation (p < 0.001), MSI-H sta-
tus (p < 0.001) and CIMP-H status (p = 0.019). In multivariate
analyses, colon adenocarcinomas expressing ANXA10 were
independently associated with BRAF mutation only
(p < 0.001).

Fig. 1 Examples of AnnexinA10 and Gremlin1 immunohistochemical
expression in colon adenocarcinoma and mucosa. a A case of
AnnexinA10 expressing colon adenocarcinoma (×40 magnification).
Strong nucleus expression of AnnexinA10 in malignant cells was
associated with moderate cytoplasmic expression. b A case of
AnnexinA10 negative colon adenocarcinoma (×40 magnification).

Some stromal cells expressed AnnexinA10 with a cytoplasmic
positivity only. c An example of Gremlin1 positive colon
adenocarcinoma (×20 magnification). Gremlin1 showed a granular
cytoplasmic immunostaining in malignant cells only. d A case of
Gremlin1 negative colon adenocarcinoma (×20 magnification)
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Table 2 Relationships between ANXA10 expression and histological features in colonic cancers

Histological variables Annexin A10 Univariate analysis Multivariate analysis

Positive (n = 40)
n (%) or mean ± SD

Negative (n = 40)
n (%) or mean ± SD

p OR [IC 95%] p

Serrated architecture 17 (42.5) 0 (0) <0.0001 ‡ NA

Tubulo-papillar pattern 37 (92.5) 39 (97.5) 0.62 †

% tubule-papillar pattern 47.8 ± 31.5 73.7 ± 29.1 0.001

Cribriform pattern 27 (67.5) 27 (67.5) 1.000 ‡

% cribiform pattern 20.7 ± 23.5 18.8 ± 19.9 0.88

Mucinous pattern 25 (62.5) 12 (30.0) 0.004 ‡ 7.3 [2.1–25.7] 0.002

% mucinous pattern 31.7 ± 25.2 20.3 ± 21.4 0.17

Medullary pattern 16 (40.0) 5 (12.5) 0.005 ‡ n.s

% medullary pattern 43.4 ± 32.9 52.4 ± 39.2 0.51

Micropapillary pattern 4 (10) 4 (10) 1000 †

% micropapillary pattern 2.3 ± 1.9 26.8 ± 42.3 0.15

Tumoral necrosis 16 (40) 16 (40) 1000 ‡

% necrosis 18.1 ± 12.2 10.6 ± 7.9 0.10

Stromal / malignant cells percentage 16.5 ± 8.3 21.6 ± 12.8 0.02 ¥ n.s

Stromal inflammation 0.82 †

low 18 (45) 16 (41.0)

moderate Z5 (12.5) 6 (15.4)

high 2 (5.0) 4 (10.3)

absent 15 (37.5) 13 (33.3)

Presence of tumor infiltrating lymphocytes 6 (15) 2 (5) 0.26 †

Tumor invasion front 0.78 ‡

expansive type 18 (45.0%) 20 (50.0%)

invasive type 15 (37.5%) 12 (30.0%)

expansive and invasive 7 (17.5%) 8 (20.0%)

Serrated adenoma remnant 3 (7.5) 0 (0.0) 0.24 †

Eosinophilic cytoplasm 19 ± 24.5 4,6 ± 13.1 <0.001 ¥ 1.03 [0.99–1.06] 0.08

Discernable nuclei 14,9 ± 15.5 6,1 ± 13.8 0.001 ¥ 1.05 [0.99–1.09] 0.06

Vesicular nuclei 15,6 ± 19.2 10.9 ± 16.8 0.14 ¥

Proeminent nucleolus 18.1 ± 29.4 13 ± 27.7 0.11 ¥

Nuclear stratification 33.9 ± 34.6 62.7 ± 34.6 <0.001 ¥ NA

Well-ordered brush border 40.6% 62.9% 0.005 ¥ NA

Cytonuclear atypia 0.96 ‡

low 10 (25.0) 9 (22.5)

moderate 22 (55.0) 23 (57.5)

high 8 (20.0) 8 (20.0)

Perineural invasion 9 (22.5) 9 (22.5) 1000 ‡

Lymphatic invasion 23 (57.5) 12 (30.0) 0.01 ‡ 4.3 [1.3–14.9] 0.02

Vascular invasion 9 (22.5) 10 (25.0) 0.79 ‡

Budding 8 (20.0) 6 (15.0) 0.556 ‡

Considered as serrated adenocarcinoma <0.001 † NA

Yes 9 (22.5%) 0 (0.0)

No 21 (52.5) 40 (100.0)

Potential 10 (25.0) 0 (0.0)

NA not adopted, n.s not significant; ‡: khi-2; †: Fisher test; ¥: Wilcoxon test
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A summary of our results compared with previously pub-
lished results is available on Supplementary Table 2.

Clinicopathological and Molecular Characteristics
of Gremlin1+ Cases

Gremlin1 expression in colonic adenocarcinoma was signifi-
cantly associated with male gender (p = 0.002), younger age
(p = 0.002), left tumor location (p = 0.04), CDX2 expression
(p = 0.004) and MSS status (p = 0.04) in univariate analyses.
Gremlin1 expression was not associated with serrated or po-
tentially serrated adenocarcinomas (p = 0.51). Details are re-
ported in Table 4. On multivariate analyses, Gremlin1 expres-
sion was significantly associated with male gender (p = 0.008)
and CDX2 expression (p = 0.02). Among the 11 cases that co-

expressed Gremlin1 and ANXA10 3 (27%) were classified as
serrated adenocarcinoma and 2 (18%) as potentially serrated
adenocarcinoma. These were not statistically differents than
ANXA10+ cases (p = 0.88) or Gremlin1 cases (p = 0.23).

Survival Analysis

ANXA10 Expression is Correlated with Poor Overall Survival

Survival analyses revealed a tendency of poorer overall sur-
vival (OS) of ANXA10+ cases compared with ANXA10-
cases (p = 0.08; Fig. 3a). Stage specific OS analysis revealed
that ANXA10 immunohistochemical expression was an indi-
cator of poorer survival only for UICC stage IV (p = 0.014;
Fig. 3b). Among stage IV patients from our cohort with

Fig. 2 Histological features of
AnnexinA10 + colon
adenocarcinomas. a, b A case of
AnnexinA10+ serrated
adenocarcinoma (A: ×10
magnification, B: ×20
magnification). c A case of
AnnexinA10+ medullary
adenocarcinoma (× 10
magnification). d A case of
AnnexinA10 expressing
adenocarcinoma with mucinous
architecture (× 10 magnification).
e A case classified as “potential
serrated adenocarcinoma”
because of the typical
cytoplasmic eosinophilia but lack
of luminal serration (× 10
magnification). f A case of
AnnexinA10 negative
adenocarcinoma with classical
morphology (×10 magnification)
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available information regarding medical treatment, 55
received 5-fluorouracil-based chemotherapies (LV5FU2, 10;
FOLFOX, 16; FOLFIRI, 28; FOLFIRINOX, 1). The most
frequently used targeted therapy was the Vascular
Endothelial Growth Factor (VEGF) inhibitor bevacizumab
(42/85), followed by the Epidermal Growth Factor Receptor
(EGFR) inhibitors cetuximab (12/85) and panitumumab

(7/85). In patients treated with bevacizumab (n = 42), survival
analyses revealed a tendency of poorer overall survival (OS)
of ANXA10+ cases compared with ANXA10- cases (p =
0.09).

There was no significant difference for event-free survival
between adenocarcinomas expressing and not expressing
ANXA10 whatever the stage or treatment.

Table 3 Relationships between ANXA10 expression and clinical and molecular characteristics

Annexin A10 Univariate analysis Multivariate analysis

Positive (n = 40)
n (%)

Negative (n = 276)
n (%)

p OR [IC 95%] p

Age (Years) 0.79‡

< 65 13 (32.5) 84 (30.4)

≥ 65 27 (67.5) 192 (69.6)

Gender 0.03‡ n.s

Female 24 (60.0) 114 (41.3)

Male 16 (40.0) 162 (58.7)

Tumor location <0.001‡ n.s

Right colon 31 (77.5) 109 (39.5)

Left colon 9 (22.5) 167 (60.5)

UICC stage 0.10‡ n.s

I 1 (2.6) 35 (12.8)

II 12 (30.8) 107 (39.1)

III 12 (30.8) 68 (24.8)

IV 14 (35.9) 64 (23.4)

Differentiation grade <0.001‡ n.s

1–2 24 (60.0) 241 (87.3)

3 16 (40.0) 35 (12.7)

CDX2 0.007 † n.s

Positive 31 (79.5) 253 (93.7)

Negative 8 (20.5) 17 (6.3)

Gremlin1 0.31‡

Positive 11 (32.3) 104 (41.4)

Negative 23 (67.7) 147 (58.6)

KRAS status 0.06‡

Wild type 24 (82.8) 79 (64.7)

Mutant 5 (17.2) 43 (35.2)

BRAF status <0.001‡ 0.03 [0.006–0.16] <0.001

Wild type 15 (38.5) 250 (92.6)

Mutant 24 (61.5) 20 (7.4)

Microsatellite status <0.001‡ n.s

MSS 20 (51.3) 248 (92.2)

MSI 19 (48.7) 21 (7.8)

CIMP status 0.02 ‡ NA

No CIMP 2 (11.8) 21 (46.7)

CIMP-L 11 (64.7) 21 (46.7)

CIMP-H 4 (23.5) 3 (6.7)

NA not adopted, n.s not significant; ‡: khi-2; †: Fisher test
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Gremlin Expression is Associated with Improved Survival

Survival analyses revealed that Gremlin1 was significantly
associated with better OS in UICC stage III colonic adenocar-
cinoma only (p = 0.006; Fig. 4). Gremlin1 expression was not
an event-free survival prognosis indicator.

Discussion

Serrated adenocarcinomas were first described by Jass in 1992
as having a close structural and histo-chemical resemblance to
hyperplastic polyps with glandular serration [21], and was
individualized as CRC subtype in the 2010 and 2019 WHO

Table 4 Relationships between Gremlin1 expression and clinical and molecular characteristics

Gremlin1 Univariate analysis Multivariate analysis

Positive (n = 115)
n (%)

Negative (n = 170)
n (%)

p OR [IC 95%] p

Age (Years) 0.03‡ 1.6 [0.9–2.7] 0.10

< 65 43 (37.4) 42 (24.7)

≥ 65 72 (62.6) 128 (75.3)

Gender 0.002 ‡ 2.0 [1.2–3.3] 0.008

Female 37 (32.2) 87 (51.2)

Male 78 (67.8) 83 (48.8)

Tumor location 0.04 ‡ n.s

Right colon 41 (35.7) 81 (47.7)

Left colon 74 (64.3) 89 (52.3)

UICC stage 0.57 ‡

I 12 (10.5) 21 (12.5)

II 43 (37.7) 68 (40.5)

III 32 (28.1) 35 (20.8)

IV 27 (23.7) 44 (26.2)

Differentiation grade 0.47 ‡

1–2 99 (86.1) 141 (17.1)

3 16 (13.9) 29 (82.9)

CDX2 0.004 ‡ 4.6 [1.3–16.2] 0.02

Positive 110 (97.4) 146 (87.4)

Negative 3 (2.7) 21 (12.6)

Serrated adenocarcinoma 0.51 †

Yes 3 (11.1) 3 (6.7)

No 22 (81.5) 35 (77.8)

Potential 2 (7.4) 7 (15.6)

KRAS status 0.19 ‡

Wild type 33 (61.1) 61 (71.8)

Mutant 21 (38.9) 24 (28.2)

BRAF status 0.21 ‡

Wild type 100 (88.5) 137 (83.0)

Mutant 13 (11.5) 28 (17.0)

Microsatellite status 0.04 ‡ n.s

MSS 101 (91.0 136 (81.9)

MSI 10 (9.0) 30 (18.1)

CIMP status 0.79†

No CIMP 6 (31.6) 15 (41.7)

CIMP-L 10 (52.6) 17 (47.2)

CIMP-H 3 (15.8 4 (11.1)

NA not adopted, n.s not significant; ‡: khi-2; †: Fisher test
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classifications [4]. Since 1992, some studies described the
clinical characteristics, the morphology, the molecular profile
and the prognosis value of serrated adenocarcinoma [2, 5, 6,
12, 14, 15, 21–29]. These studies described a distinct clinical
and molecular profile of SAC: women predominance, higher
age, right colonic tumor location, CIMP-H, MSI-Hand
BRAFV600Emutated status. In current practice, the diagnosis
of SAC could be challenging to make because the histological
criteria remained imprecise [4, 5]. Some SAC had a distinct
molecular profile with CIMP-H and KRAS mutation [13, 28].
The prognosis values of this morphological pattern remained
controversial [15, 23, 25]. Recently, Annexin A10 and
Gremlin1 were identified as a specific marker of the serrated
pathway [6, 13, 15, 30]. Precise morphological characteristics
of ANXA10+ or Gremlin1+ CRC were not studied.
Prognostic value of ANXA10 and Gremlin1 were studied in
few studies [12, 13, 15].

In our cohort, ANXA10 expression was observed in 11.6%
and Gremlin1 in 40.4% of the cases. Previous studies reported
a proportion of 5.8 to 8.8% of ANXA10+ colon adenocarci-
noma [6, 12]. The higher percentage observed in our cohort
may be either due to the threshold of ANXA10 immunohis-
tochemical positivity used or the origin of the population stud-
ied.We used a 1% threshold calculated as a mean of ANXA10
nuclear expression all TMA core. Although, TMA technique
is considered as representative of a whole slide immunostain-
ing [6] it remained a selected view of the FFPE block and may
underestimate the positivity percentage. In previous studies [6,
12, 13] a 5% threshold was used on TMA but could relate to
only one TMA core score [12, 13]. In our cohort, all cases
(n = 13) with global positivity percentage between 1 and 5%
had at least one TMA core that reached the 5% threshold.
Thus, if a global approach in previously published studies
was used, it may be possible that some cases were reclassified
as negative with the 5% threshold but not with the 1%

Fig. 4 Survival analysis in colon
cancer patients according to
Gremlin1 expression. Kaplan-
Meier curves of overall survival
probability for Gremlin1 + (red
line) and Gremlin1 - (blue line) in
adenocarcinoma cases in stage III
(UICC). All p values were calcu-
lated using the log rank test

Fig. 3 Survival analysis in colon cancer patients according to Annexin
A10 expression status. Kaplan-Meier curves of overall survival probabil-
ity for AnnexinA10 + (red line) and AnnexinA10 - (blue line) in

adenocarcinoma cases for all stages combined (a) and in stage IV of
UICC (b). All p values were calculated using the log rank test
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threshold. Another study used a semi-quantitative scoring sys-
tem and the first positivity scale was 0–25% [14]. Thus, only
completely negative cases were considered as negative. All
these thresholds reflected that ANXA10 nuclear expression
could be very focal in some cases.

The proportion of Gremlin1 expressing adenocarcinoma
was not previously reported. ANXA10 and Gremlin1 associ-
ation were not previously studied. In our study, ANXA10 and
Gremlin1 immunohistochemical expression were not statisti-
cally associated. Serrated morphology was associated with
ANXA10 expression only. Thus, Gremlin1 doesn’t seem to
be good marker of SAC. Previous association with Gremlin1
expression and serrated or potentially serrated adenocarcino-
ma subtype may be due to the higher proportion of such ade-
nocarcinoma subtype in the previous study (34.5%) [15] than
in our study (5.5%). Moreover, this discrepant findings be-
tween the previous study and our results may also be due to
the scoring methods used: qualitative (positive/negative) with
a 1% threshold in our study and semi-quantitative (intensity x
percentage of positivity) with median score comparison in the
previous study.

In the present study, the clinico-pathological characteristics
associated with ANXA10 expression in colon adenocarcino-
ma were: female gender, right tumor location, poor differen-
tiation, serrated, mucinous and medullary architecture, cyto-
plasmic eosinophilia, discernible nuclei, preserved polarity,
less well-ordered brush border, less abundant stroma, lym-
phatic invasion and loss of CDX2 expression. Previous stud-
ies reported an association of ANXA10 expression in colon
adenocarcinoma with female gender [13], right-sided cancer
[6, 12–14], poor differentiation [14], loss of CDX2 expression
[14], serrated, mucinous or medullary morphology [6] as in
our study. Previous studies also reported an association be-
tween ANXA10 expression and lower age at diagnosis [12],
advanced TNM stage [12], increased tumor-infiltrating lym-
phocyte [12], Crohn-like stroma reaction, signet ring cell mor-
phology [14] and lack of necrosis [12, 14]. Age and UICC
stage were not associated with ANXA10 expression in anoth-
er study [6] as in our study. However, in our cohort one third
of ANXA10+ case totally lacked the typical serrated morphol-
ogy. The majority of this non serrated ANXA10+ cases had a
predominant medullary architecture. This absence of serrated
morphology in a subsequent proportion of ANXA10+ cases
had previously been reported [13]. Thus, ANXA10 seems to
be a better diagnosis marker of serrated pathway than the
typical serrated morphology. Indeed, we found an optimal
sensitivity of ANXA10 for the diagnosis of SAC but a lack
of specificity.

Although SAC is a WHO entity, some authors do not be-
lieve in its existence, partly due to not that easily reproducible
diagnostic histological criteria. However, our study, and pre-
vious study have shown that SAC had a distinct molecular
profile [6, 12, 13, 22, 28] and a poorer prognosis [12, 28,

31] than conventional CCR. Thus, due to this poorer progno-
sis it seems important to recognize this CCR subtype.
ANXA10 may help to diagnose SAC in cases with borderline
serrated morphology. ANXA10 immunolabelling, even if fo-
cally expressed, is easily assessable. Indeed, the kappa value
was strong in our study and in previous study [13].

In the present study ANXA10 was expressed in 47.5% of
MSI-H colonic cancer and was also associated with BRAF
mutation, and CIMP-H status. On the multivariate analysis,
ANXA10 expression was independently associated only with
BRAFmutation. BRAFmutation had been previously reported
as the early event that promotes the serrated neoplasia path-
way [32]. Previous studies also found association between
ANXA10 expression and the BRAF mutated, MSI-H,
CIMP-H molecular profile [12, 14] and also reported a statis-
tical association between ANXA10 expression and wild type
KRAS status [6, 13, 14]. This association may be due to a
mirror effect of the mutual exclusivity of BRAF and KRAS
mutation. In our study, the absence of KRAS mutation was
not statistically associated with ANXA10 expression. Indeed,
as previously reported some SAC had a distinct molecular
profile with KRAS mutation, absence of BRAF mutation and
MSS. These SAC are supposed to derived from traditional
serrated adenoma [14, 26]. Thus, according to the consensus
molecular subtypes of colorectal cancer [33], ANXA10+ ad-
enocarcinomas would be classified in the CMS1 (MSI
Immune) molecular subtype. CMS1 adenocarcinomas had a
very poor survival after relapse.

ANXA10 expression was associated with decreased over-
all survival especially in patients withmetastatic disease in our
study and in a previous study [12]. In this previous study
ANXA10 expression was also associated with poor event-
free-survival, especially in metastatic patients. The prognosis
impact of ANXA10 immunohistochemical expression in
stage IV patients may partly be explained by the association
with microsatellite instability. Indeed, stage II-III MSI CRC
had a better prognosis than stage II-III MSS CRC. However,
stage IV MSI CRC are associated with poor prognosis and
chemoresistance, especially to 5FU-based chemotherapy
[20]. Thus, role of ANXA10 as an independent prognosis
marker of poor overall survival in stage IV colon cancer need
to be clarify in the future.

In our series of 346 colon cancers, Gremlin1 expression
was significantly associated with male gender, younger age
(<65 years), left tumor location, CDX2 expression and MSS
status, in univariate analysis. In our cohort, Gremlin1 was an
indicator of improved survival in UICC stage III patients.
Gremlin1 immunohistochemical expression was previously
evaluated on CRC in one study of 148 cases [15]. In this
study, Gremlin1 overexpression was associated with low
TNM stage, low histological grade, serrated histology and
was a stage independent indicator of improved survival. The
improved survival observed in this study may be explained by
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the association of Gremlin1 overexpression with low TNM
stage. However, Gremlin1 expression was not associated with
low TNM stage in our study. In our cohort of patient, the
better prognosis of stage III colon adenocarcinoma expressing
Gremlin1 may partly be explained by its association with
CDX2 expression conservation. Indeed, previous studies
showed that loss of CDX2 expression was an indicator of
poorer prognosis in stage II-III CRC [34, 35].

Conclusion

This study evaluated 2 candidates’ markers of the serrated
pathway in colon cancer: Annexin10 and Gremlin1. In our
case series, Gremlin1 expression was associated neither with
serrated morphology nor with the serrated molecular profile.
Thus, Gremlin1 doesn’t seem to be a marker of the serrated
pathway. In the contrary, AnnexinA10 expressing colon ade-
nocarcinomas had the clinico-pathological and molecular fea-
tures observed in SAC. Indeed, they are more frequently ob-
served in women, are located in the right colon and are often
associated with serrated morphology, MSI-H status, CIMP-H
status and BRAF mutations as previously described in SAC.
However, AnnexinA10+ adenocarcinomas may lack the tra-
ditional serrated morphological characteristics and are fre-
quently of mucinous or medullary subtype. Colon adenocar-
cinomas expressing AnnexinA10 are associated with poor
overall survival in UICC stage IV.
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