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Abstract

Undifferentiated carcinoma (UC) and undifferentiated carcinoma with osteoclast-like giant cells (UCOGC) are peculiar variants
of pancreatic ductal adenocarcinoma (PDAC), characterized by hypercellularity and absence of glandular patterns. The inflam-
matory microenvironment is peculiar in UCOGC, since it is dominated by macrophages and osteoclast-like giant cells. However,
from a molecular point of view, both UC and UCOGC are very similar to conventional PDAC, sharing alterations of the most
common genetic drivers. Clinically, UC usually show a worse prognosis, whereas UCOGC may show a better prognosis if it is
not associated with a PDAC component. To highlight potential biological differences between these entities, we investigated the
role of the epithelial to mesenchymal transition (EMT) in UC and UCOGC. Specifically, we analyzed the immunohistochemical
expression of three well-known EMT markers, namely Twistl, Snai2, and E-cadherin, in 16 cases of UCOGC and 10 cases of
UC. We found that EMT is more frequently activated in UC (10/10 cases) than in UCOGC (8/16 cases; p = 0.05). Furthermore, in
UCOGC, EMT was activated with a higher frequency in cases with an associated PDAC component. Snai2 was the most
frequently and strongly expressed marker in both tumor types (10/10 UC, 8/16 UCOGC), and its expression was higher in
UC than in UCOGC (mean immunohistochemical score: 4.8 in UC vs. 2.1 in UCOGC, p < 0.01). Our results shed new light on
the biology of UC and UCOGC: EMT appeared as a more important process in UC, and Snai2 emerged as a central EMT effector
in this setting.
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Introduction

Pancreatic cancer is a lethal malignancy with increasing inci-
dence [1-3]. The most common subtype of pancreatic cancer
is pancreatic ductal adenocarcinoma (PDAC) [2—4]. The spec-
trum of PDAC also includes some morphological variants,
one of which is the undifferentiated carcinoma (UC), a distinct
and hypercellular tumor entity, composed of neoplastic cells
without ductal/glandular architecture [3, 4]. Within this
PDAC subgroup, there is an even more particular variant,
which is the undifferentiated carcinoma with osteoclast-like
giant cells (UCOGC). This is morphologically very similar
to UC, with the addition of histiocytes and osteoclast-like
giant cells intermingled with tumor cells [3, 4].

From the clinical point of view, compared to conventional
PDAC, UC usually show a worse prognosis, whereas
UCOGTC is generally associated to a better prognosis, when
not associated with a PDAC component [3, 5, 6]. Some stud-
ies have demonstrated that UC and UCOGC have a molecular
landscape very similar to PDAC, based on alterations that
affect the classic PDAC drivers, including the oncogene
KRAS and the tumor suppressor genes 7P53, SMAD4, and
CDKNZ2A [5, 7, 8]. As such, somatic mutations are unlikely
to explain the unique phenotype of UC and UCOGC. A recent
study exploring the potential role of inflammatory cells in
driving the distinct morphological features of UCOGC, found
that the massive recruitment of CD163 positive tumor-
associated macrophages and the activation of the PD-1/PD-
L1 axis may partly explain its characteristic aspects [9].

A single study reported the involvement of the epithelial to
mesenchymal transition (EMT) in the UC variant, but no
information is available for UCOGC [10]. EMT is a biolog-
ical process in which the epithelial elements lose their polar-
ity and cell-to-cell contacts, undergo cytoskeleton remodeling
with morphological modifications, and acquire migratory ca-
pacity [11]. EMT has recently emerged as a crucial biological
mechanism in undifferentiated carcinomas of other organs
[12, 13], and in PDAC has been strongly associated to poor
prognosis [14-16].

Here we performed an exploratory study aimed at clarify-
ing the potential role played by EMT in UC and UCOGC,
through the assessment of the immunohistochemical expres-
sion of three well-known EMT-associated factors: E-cadherin,
Twistl, and Snai2. Our findings may help to better understand
the biology of these particular PDAC subtypes, and generate
new insights into the potential role played by EMT in
influencing the prognosis of such neoplasms.

Materials and methods

The cohort of UCOGC and UC analyzed in this study includ-
ed 16 cases of UCOGC and 10 cases of UC from the
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pathology archives of Verona University Hospital and The
Johns Hopkins University Hospital, which had already been
investigated in recent publications by our collaborative re-
search group [5, 9]. As part of such previous studies, this
research has been conducted under the approval received by
Ethics Committee and Institutional Review Boards of the in-
volved Institutions, in accordance with the Good Practice
guidelines, the Declaration of Helsinki and current laws,
ethics and regulations.

Four micrometer (um) formalin-fixed paraffin-embed-
ded sections were immunostained with antibodies for E-
cadherin (clone: NCH-38, 1:20 dilution, Dako/USA),
Twistl (Twist2Cla, 1:80, Santacruz/USA), and Snai2 (rab-
bit, 1:350, Xeptagen/Italy), as previously described [9, 17].
One representative whole-section slide has been used for
each case. Briefly, heat-induced antigen retrieval was per-
formed using a heated plate and 0.01 mol/l of citrate buffer,
pH 8.9, for 15 min. For Snai2, the antigen-antibody reac-
tion was incubated overnight at 4 °C. Light nuclear
counterstaining was performed with hematoxylin. All sam-
ples were processed using a sensitive peroxidase-based
“Bond polymer Refine” detection system in an automated
Bond instrument (Vision-Biosystem, Leica, Milan, Italy).
Sections incubated without the primary antibody served as
negative controls.

Immunohistochemical staining (IHC) were evaluated sep-
arately and blindly by three residents in pathology (P.M.,
G.F., G.P.) and then reviewed by a pancreatic pathologist
(C.L.). Inconsistencies were resolved by consensus at a
multi-headed microscope. IHC was considered positive,
when nuclei stained for Twist]l and Snai2, and when cell
membrane stained for E-cadherin. The overall evaluation
was made using a combined quantitative and qualitative
score. First, the percentage of positive cells was calculated
by assigning a quantitative score, as follows: no positive
cells=0, 1-25%=1, 26-50% =2, 51-75% =3, 76-100% =
4. Then, a qualitative evaluation was performed, assigning a
score based on the staining intensity: score 0 =no staining,
score 1 =weak staining, score 2 =moderate staining, score
3 = strong staining. Finally, the combined score was calculat-
ed by multiplying the quantitative and the qualitative scores,
with the final score ranging from 0 to 12. Since there are
differences in the expression patterns of the diverse marker,
this score can give a more reliable estimation of the actual
staining, and could be also more reproducible by future stud-
ies. Notably, a positive IHC nuclear staining for Twistl and/
or Snai2, and/or a negative IHC membrane staining for E-
Cadherin were interpreted as patterns of EMT activation, as
well-known from the literature [11, 14, 17-19]. Due to the
intrinsic morphologic features of the tumors investigated in
this study (hyerpcellular tumor, presence of inflammatory
cells), to avoid IHC misinterpretation and to increase the re-
liability of our findings, we considered as a pattern of EMT
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activation only a clear and complete loss of E-cadherin ex-
pression in tumor cells.

A further survival analysis was performed to evaluate for
any possible prognostic significance of the IHC results, based
on the pattern of expression of E-cadherin, Twistl, and Snai2.

Results

The overall results are summarized in Table 1; quantitative
and qualitative IHC scores, that generated the combined IHC
score, have been reported for each case in Supplementary
Table 1.

UCoGC

The 16 UCOGC cases included 7 pT2 (pathological tumor
stage 2) and 9 pT3 cases; the majority of cases (9/16) present-
ed with nodal metastasis at the time of diagnosis, while 7/16
cases were NO. Only one case had a distant metastasis (M1).
Seven of the 16 UCOGC were associated with a conventional
PDAC component. Most cases had vascular (12/16 cases) and
peri-neural invasion (10/16 cases), and 4/16 cases had re-
ceived neo-adjuvant chemotherapy.

With regard to the expression pattern of EMT markers, for
which representative images are provided in Fig. 1 (UCOGC
with an associated PDAC component) and Fig. 2 (UCOGC
without an associated PDAC component), Twistl was

Table 1 Summary table of the main clinic-pathological features of all investigated cases and of immunohistochemical results
ID pT pN M TNM Associated VI PNI NAT Twistl Snai2 E-cad oS
PDAC
UCOGC
1 T2 N1 0 1IB No Yes Yes No 0 0 1 113
2 T3 N2 0 il No Yes Yes No 0 0 1 9
3 T2 NO 0 IB Yes Yes Yes No 0 (0) 0(2) 1 (0) 28
4 T3 N2 0 11 No Yes Yes No 0 0 1 Na
5 yT2 NO 0 1B No Yes Yes Yes 1 1 0 Alive (72)
6 T2 NO 0 1B Yes Yes Yes No 0 (0) 0(0) 1(2) 15
7 T3 N1 0 1B Yes Yes Yes No 0 (0) 1(0) 409 0
8 yT2 N2 0 1 Yes Yes Yes Yes 0(0) 1(1) 0(1) Alive (22)
9 T3 NI 0 1B No Yes No No 0 0 1 Na
10 T3 N2 1 v Yes No No No 1 (0) 6 (0) 12 (12) Alive (9)
11 T3 NO 0 1A Yes Yes No No 6 (0) 8(0) 0 (6) Alive (10)
12 yT2 N1 0 1IB Yes No Yes Yes 0(0) 4 (0) 0(6) Alive (19)
13 T3 NO 0 1A No No No No 0 0 1 Na
14 T3 NO 0 A No No No No 1 8 0 Alive (12)
15 yT3 NO 0 1A No Yes Yes Yes 0 4 1 Na
16 T2 N2 0 il No Yes No No 0 0 12 Alive (12)
ucC
Al T2 N1 0 1B - No Yes No 0 9 0 Na
A2 T2 N1 0 1B - Yes Yes No 0 1 1 Na
A3 yT2 N1 0 1B - Yes Yes Yes 0 2 0 2
A4 yT3 NO 0 A - Yes Yes Yes 0 6 4 Alive (27)
A5 Tlc NO 0 1A - No No No 1 6 0 Alive (16)
A6 T2 N2 0 I - Yes Yes No 0 2 1 11
A7 T2 N1 0 1B - Yes Yes No 1 9 0 Alive (10)
A8 T2 N1 0 1B - Yes Yes No 1 9 0 2
A9 T2 N1 0 1IB — Yes Yes No 0 2 4 Na
Al0 Tlb NO 0 1A - Yes Yes No 0 2 0 Alive (267)

1D, identification number; UCOGC, undifferentiated carcinoma with osteoclast-like giant cells; UC, undifferentiated carcinoma; p7, pathological tumor
stage; pN, pathological nodal stage; TNM, AJCC 8th edition staging system; PDAC, pancreatic ductal adenocarcinoma; VI, vascular invasion; PNI,
perineural invasion; NAT, neo-adjuvant therapy; OS, overall survival. In the case of UCOGC with an associated PDAC, the results of PDAC are reported

in brackets
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Fig. 1 A representative case of undifferentiated carcinoma of the
pancreas with osteoclast-like giant cells, with an associated ductal adeno-
carcinoma, is shown. a Hematoxylin-eosin staining reveals an undiffer-
entiated carcinoma with atypical cells and the presence of multinucleated
osteoclast-like giant cells; neoplastic glands of the associated ductal ade-
nocarcinoma are also evident (original magnification: % 20). b Snai2 is

positive in 4/16 cases, Snai2 in 8/16 cases, and E-cadherin was
completely lost in 5/16 cases. Overall, there was evidence of
EMT activation in 8/16 cases, based on positive Twist1/Snai2
and/or loss of E-cadherin expression. Snai2 expression had
higher scores than those of Twistl, with a mean value of 2.1
vs. 0.6. The associated PDAC components demonstrated ex-
pression patterns indicating EMT activation in only 2/7 cases
(0/7 Twist expression, 2/7 Snai2 expression, 0/7 E-cadherin
loss). However, when a PDAC component was present, the
corresponding UCOGC presented an expression pattern indi-
cating EMT activation in the majority of cases (5/7). The
higher prevalence of EMT activation in UCOGC with an as-
sociated PDAC component, compared to those without asso-
ciated PDAC, while demonstrating a positive trend, did not
however, reach statistical significance (p =0.12, Fisher’s ex-
act test). Among the 9 UCOGC without an associated PDAC
component, only 3 cases presented an expression pattern in-
dicating EMT activation: in these cases, Twist] was positive
in 2 cases (both with score 1); Snai2 was present in all cases
(with different scores: 1, 4, and 8), and E-cadherin was lost in
2 cases.

All four cases that received neo-adjuvant chemotherapy
presented an activated EMT expression pattern (1 case
Twist] positive, all cases Snai2 positive, 3 cases complete
E-cadherin loss; Table 1); the prevalence of EMT activation
in this particular setting, however, was not statistically
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expressed by undifferentiated neoplastic cells, while neoplastic glands are
totally negative (original magnification: x 20). ¢ Twistl is expressed by
undifferentiated neoplastic cells, while neoplastic glands are totally
negative (original magnification: x 20). d E-cadherin expression is lost
by undifferentiated neoplastic cells, while it is retained by neoplastic
glands (original magnification: x 20)

significant (4/4 vs. 6/12 that did not receive neoadjuvant che-
motherapy; p =0.23, Fisher’s exact test).

The survival analysis based on the expression of Twistl
(positive vs. negative), Snai2 (positive vs. negative), and E-
cadherin (maintained vs. lost) did not show any significant
result.

uc

The 10 UC cases included 7 pT2 cases, 2 pT1 cases, and 1 pT3
case; most cases (7/10) presented with nodal metastasis at the
time of diagnosis, whereas 3/10 cases were NO. Most cases
had vascular (8/10) and peri-neural invasion (9/10 cases), and
2/10 cases received neo-adjuvant chemotherapy.

Regarding the expression pattern of EMT markers, of
which representative images are provided in Fig. 3, Twistl
was positive in only 3 cases (3/10); Snai2 was expressed in
all cases, and E-cadherin was completely lost in 6/10 cases
and showed partial or focal loss in all remaining cases.
Overall, in all UC cases, there was evidence of an EMT acti-
vation based on positive Twist1/Snai2 or loss of expression of
E-cadherin.

Similar to UCOGC, survival analysis did not show any
significant result in UC cases, based on the expression of
Twistl (positive or negative), Snai2 (positive or negative),
and E-cadherin (positive or negative).
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Fig. 2 A representative case of undifferentiated carcinoma of the
pancreas with osteoclast-like giant cells (without an associated ductal
adenocarcinoma) is shown. a Hematoxylin-eosin staining reveals an
undifferentiated carcinoma with atypical cells and the presence of
multinucleated osteoclast-like giant cells (original magnification: x 20).
b Snai2 is expressed by undifferentiated neoplastic cells, while

UCOGC vs. UC

Comparing the IHC results, EMT was more frequently activat-
ed in UC than in UCOGC (10/10 UC vs. 10/16 UCOGC), a
difference that reached borderline statistical significance (p =
0.05, Fisher’s exact test). The differences in EMT activation
between UCOGC, with and without an associated PDAC com-
ponent, and UC have been graphically summarized in Fig. 4.

While Twistl expression pattern resulted similar between
the two tumor subgroups (5/16 Twist1 positive UCOGC vs. 3/
10 positive UC; no statistically significant difference, Fisher’s
exact test), the expression of Snai2 was significantly higher in
UC than in UCOGC (10/10 positive UC vs. 4/16 positive
UCOGC; p <0.01, Fisher’s exact test). The pattern of expres-
sion of E-Cadherin did not reach statistically significant dif-
ference between UC and UCOGC, but there was a positive
trend towards a higher rate of E-cadherin loss in UC.

Twistl and E-cadherin had a higher mean value of the
combined score in UCOCG than UC (for Twistl: 0.6 vs.
0.3, p=0.60, Student’s ¢ test; for E-cadherin: 2.2 vs. 1, p=
0.35, Student’s ¢ test); conversely, for Snai2, it was higher in
UC than in UCOGC, and reached a statistically significant
value, (4.8 vs. 2.1, p=0.03 Student’s ¢ test). This result indi-
cates that EMT is more activated in UC than in UCOGC for

multinucleated osteoclast-like giant cells are totally negative (original
magnification: x 20). ¢ Twist] is expressed by undifferentiated neoplastic
cells, multinucleated osteoclast-like giant cells are totally negative
(original magnification: x 20). d E-cadherin expression is lost by
undifferentiated neoplastic cells (original magnification: x 20)

both Snai2 and E-cadherin, with Snai2 reaching a statistically
significant value, while Twistl showed an inverse, but not
statistically significant, correlation.

Discussion

In this study, we investigated the immunohistochemical ex-
pression of Twistl, Snai2, and E-Cadherin, three well-known
markers associated with EMT activation. Overall, we found
that EMT is more frequently activated in UC than in UCOGC
(p=0.05); in UCOGC, there was evidence of EMT activation
in 50% of cases, with a higher frequency in cases that had an
associated PDAC component. Snai2 was the most frequently
and strongly expressed marker in both tumor types, in addition
to being the most important in determining the observed dif-
ferences between UC and UCOGC, and a higher mean com-
bined score in UC than in UCOGC (p =0.03).

One of the most relevant results of our investigation con-
cerns the different activation-status of the EMT process in
UCOGC vs. UC, which was significantly higher in UC. In
highlighting the importance of EMT in UC, our results are
in line with a previous report, which investigated EMT only
in UC, suggesting an important role of this process for this

@ Springer
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Fig. 3 A representative case of undifferentiated carcinoma of the
pancreas is shown. a Hematoxylin-eosin staining reveals an
undifferentiated carcinoma with atypical cells lacking any glandular
organization. On the left, there is a thin band of normal pancreatic
parenchyma (original magnification: x 20). b Snai2 is expressed by most

tumor type [10]. Notably, our study also adds novel findings
to this initial data, demonstrating that EMT, in contrast to UC,
is not so commonly activated in UCOGC. Our results may
suggest that EMT cannot be considered as a central process
in the biology of UCOGC and cannot explain the unique mor-
phology of this tumor type. Other factors, such as the macro-
phage infiltration and the overall inflammatory microenviron-
ment may play a significant role in this [9].

UCOGC without a
PDAC component

UCOGC with a
PDAC component

3

=EMT =No EMT

Fig. 4 Graphical representation of the prevalence of epithelial-
mesenchymal transition (EMT) activation in undifferentiated carcinoma
of the pancreas with osteoclast-like giant cells (UCOGC), without and
with an associated ductal adenocarcinoma, and in undifferentiated carci-
noma of the pancreas without osteoclast-like giant cells (UC)

@ Springer

of neoplastic cells and not expressed by normal pancreatic parenchyma
(original magnification: x 20). ¢ Twist] is totally negative in neoplastic
and normal tissues (original magnification: x 20); d E-cadherin
expression is lost by neoplastic cells, with the normal pancreatic
parenchyma as an internal positive control (original magnification: x 20)

Interestingly, in the UCOGC subgroup, cases with associ-
ated PDAC component showed more frequent EMT activa-
tion in the undifferentiated component, with a positive trend
(p=0.12), although not statistically significant. Since
UCOGC with associated PDAC has been shown to strongly
correlate with poorer prognosis than its “pure” counterpart [5,
6], it may well be that EMT activation plays a role in influenc-
ing this difference in clinical outcome. This is in fact the case
for conventional PDAC, where activation of the EMT process
has been correlated with a poor prognosis [16, 20-23].
Notably, Hong and colleagues reported that, in conventional
PDAC, loss of E-cadherin expression and vimentin expression
were associated to poor differentiation and shorter survival
[22, 23]. We were unable to demonstrate any significant cor-
relation between EMT activation and prognosis in our cohort,
but this is most probably due to the relatively small sample
size and to the fact that most cases had either no follow-up or
only a short follow-up. Therefore, the lack of a clear prognos-
tic value of EMT activation in our UCOGC cohort might be
due to this factor rather than due to a true lack of clinical
significance. Further studies are needed to explore this poten-
tial interesting association, also in the light of the differences
that we reported between UCOGC with and without an asso-
ciated PDAC component.

In our study we also observed non negligible differences
between the three investigated markers. E-cadherin is a poten-
tially significant mediator of EMT, and its downregulation
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usually represents an early event for EMT activation. Several
cytokines, triggering downregulation of E-cadherin, subse-
quently lead to EMT in different cancers, including PDAC
[13, 14, 17, 24, 25]. Most of them promote E-cadherin repres-
sion through the modulation of a set of pleiotropically acting
transcription factors, including members of snail (e.g.,: Snail,
previously known as Snail, and Snai2, previously known as
Slug) and basic helix-loop-helix (E47 and Twistl, previously
known as Twist) families [26-30]. Beyond their effects on
cadherins, they could also potentially activate the transcription
of genes characteristic of the mesenchymal state, inducing
EMT. Snai2, which is the most important member of the
Snail family, can enhance tumor cell proliferation and invasive-
ness [28, 29], whereas Twistl can mediate EMT during cancer
progression, particularly in the acquisition of metastatic poten-
tial [30]. Notably, Snai2 appears the most strongly expressed
and the most commonly activated EMT marker in both UC and
UCOGC. Although we used a different type of antibody from
the previous study on UC, which used the clone C19G7 from
Cell Signaling [10], we confirm the importance of this biomark-
er in this tumor type, also demonstrating here its central role for
EMT activation in UCOGC. Notably, Snai2 showed a higher
combined score in UC than in UCOGC (p < 0.01).

The findings in our cohort also show that Twistl and Snai2
can be activated independently in both UC and UCOGC, given
that in some cases only, one of these markers is expressed in
tumor cells. It is also important to note that loss of the E-cadherin
staining pattern is not always correlated with Twistl and/or
Snai2 expression. Of course, we only considered complete ab-
sence of E-cadherin staining as true lack of expression, and it
may be possible that [HC patterns, characterized by a reduction
in the intensity of staining and/or a reduction in the percentage of
positive cells, might also indicate E-cadherin downregulation.
This may explain why in some cases, positivity in Twist] and/or
Snai2 is not coupled with complete E-cadherin loss.

Another interesting result is the more frequent EMT acti-
vation in UCOGC after neoadjuvant chemotherapy (NAT),
with a positive but not statistically significant trend (p =
0.23). Overall, all UC and UCOGC that received NAT in
our cohort presented IHC patterns of EMT activation. A re-
cent study focused on NAT-PDAC has recently described
frequent expression of EMT-related markers [31]. Our find-
ings are in line with this study and demonstrate that EMT-
related markers can be expressed not only in conventional
PDAC, but also in UC and UCOGC in a NAT setting.

Our study does have some limitations. First, other potentially
important EMT-related markers could be studied to complete
the EMT landscape for these tumor types. For example, ZEB1
and ZEB2 have been described as important partners of the three
biomarkers investigated in this study [14]. However, after our
previous studies on this topic, only limited material was avail-
able for research purposes, and we therefore restricted our study
to the three important and well-known EMT-related markers.

Furthermore, the design of the study was retrospective, and clin-
ical information was incomplete, representing a potential limita-
tion for survival analyses. Finally, the sample size was not very
large, although this is of course due to the rarity of such tumors;
notably, the present cohort still represents one of the largest
cohorts of its kind in the literature.

In conclusion, in this study we have demonstrated that the
prevalence of EMT activation was significantly higher in UC than
in UCOGC. In both tumor types, Snai2 was the most strongly and
commonly expressed marker, with higher IHC scores in UC than
in UCOGC. When activated in UCOGC, EMT is more often
associated with the presence of an associated PDAC component.
Although further studies are needed to confirm our findings of
EMT in this setting, This work represents a step forward towards
a better comprehension of the biology of UCOGC and UC.
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