Virchows Archiv (2019) 475:245-249
https://doi.org/10.1007/s00428-019-02554-4

BRIEF REPORT

®

Check for
updates

CROCC-mutated rhabdoid colorectal carcinoma showing
in intercellular spaces lamellipodia and cellular projections revealed
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Abstract

Background Rhabdoid colorectal carcinoma (RC) is a rare lesion localized to the proximal colon of patients with a mean age at
diagnosis of around 70 years. This tumor shows an aggressive behavior with an overall survival period shorter than 12 months.
The diagnostic hallmark is the presence of rhabdoid cells. Alterations in chromatin remodeling (SMARCBI) and in the centro-
some structure (CROCC) are reported in RC usually BRAF™ and MSI-H. RKO intestinal neoplastic cells culture (BRAF"*,
SMARCB1", MSI-H) with CROCC knockdown exhibit rhabdoid features and develop prominent projections from the edge of
the cell.

Methods Here, we investigated two cases of CROCC™SMARCBI"" RC by scanning and transmission electron microscopy
(SEM, TEM).

Results TEM confirmed the diagnostic presence of intermediate cytoplasmic filaments and nucleolar margination. SEM showed
cellular protrusions (lamellipodia) in the intercellular spaces not evident at light microscopy.

Conclusions These protrusions CROCC-related might represent the pathogenetic mechanism underlying the rhabdoid aggressive
behavior, independently of tumor staging. To our knowledge, the SEM technique was applied in the study of this neoplasm for
the first time.
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Rhabdoid colorectal carcinoma (RC) is a rare lesion mainly
localized to the proximal colon of patients with a mean age at
diagnosis of around 70 years. This tumor shows an aggressive
behavior and fatal outcome, displaying an overall survival
period shorter than 12 months [1, 2]. The diagnostic hallmark
of this neoplasm is the presence of rhabdoid cells character-
ized by an eccentrically located and large nucleus, prominent
nucleoli (light microscopy) and cytosolic aggregates of inter-
mediate filaments (ultrastructure) similar to the malignant
extrarenal rhabdoid tumor [2]. The amount and distribution
of the rhabdoid component in neoplasms are highly variable
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ranging from “composite,” in which the rhabdoid elements
are associated with adenocarcinoma, to the “pure” rhabdoid
carcinoma without an evident epithelial component [1]. RC
showed mainly BRAF™" and MSI-H molecular profile [2]. In
this specific genotypic asset, alterations in chromatin
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remodeling (SWI/SNF or SMARCBI) complex [3—6] and in
the centrosome structure (Ciliary Rootlet Coiled Coil;
CROCC) have been reported as major genetic determinants
of rthabdoid pathogenesis [7]. SWI/SNF chromatin remodel-
ing complexes regulate critical cellular processes includ-
ing cell cycle progression, programmed cell death, differ-
entiation, genomic instability, and DNA repair [8].
Depending upon the configuration of the complex compo-
nents, SWI/SNF complexes can carry out a variety of
cellular functions including neural differentiation, embry-
onic stem cell differentiation, hepatic lipid, and glucose
metabolism. The mechanism determining the types of
cancers associated with inactivation of different complex
members remains unraveled [8]. CROCC is a protein impli-
cated in centrosome linker formation and function in association
with multiple proteins. CROCC is able to maintain centrosome
cohesion in part through inhibition of VHL-mediated
Centrosomal protein 68 degradation. It has been proposed that a
broad network of repeating CROCC units with C-Napl as ring
organizer and Centrosomal protein 68 as filament modulator
forms the centrosome linker structure. Genetic deletion in
CROCC leads to centrosome anomalies resulting in tetraploid
DNA segregation errors, providing insight into the mechanism
by which genome instability contributes to lethal cancers [7].

To our knowledge, few studies investigated RC ultrastruc-
tural morphology [9]. In this regard, to our knowledge, no one
examined RC ex vivo samples by means of scanning electron
microscopy technique. For this purpose, we decided to inves-
tigate the ultrastructure appearance of two RC cases
(CROCC™SMARCBI"") by means of scanning (SEM) and
transmission electron microscopy (TEM). Then, we compared
the results with our previous information obtained by in vitro
experiments [7].

Materials and methods
Patients

Both cases have been previously published [1, 2, 6]. The
first case represents a “composite” RC (woman, 78 years
old, right colon) treated at the Legnago Hospital, Verona,
Italy (Fig. 1a) [1]. The second case is a “pure” RC (wom-
an, 71 years old, right colon) diagnosed at the Rummo
Hospital, Benevento, Italy [2]. Both carcinomas showed
BRAF™', SMARCBI™, CROCC™"', and MSI-H genotypic
profile. Both patients died within 8 months [1, 2, 7]. All
investigations were carried out in accordance with the
Helsinki Declaration and the protocol was approved by
the Ethical Committee “Comitato Etico per la
Sperimentazione Clinica—CESC” (Ethical Committee
Approval PROT. n. CA 2207 2016, September 2016).
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Electron microscopy

We investigated the ultrastructure appearance of both RC cases
by means of SEM and TEM. For TEM, specimens were recov-
ered from formalin-fixed samples. The tissue was cut into frag-
ments with a razor blade. The fragments were fixed in 2% glu-
taraldehyde in Sorensen buffer with pH 7.4 for 2 h, post fixed in
1% Osmium tetroxide (OsO4) in aqueous solution for 2 h,
dehydrated in graded concentrations of Acetone, and embedded
in Epon-Araldite mixture (Electron Microscopy Sciences, Fort
Washington, PA). The semithin sections (1-pum thickness) were
examined by light microscopy and stained with toluidine blue.
The ultrathin sections were cut at 70-nm thickness and placed on
Cu/Rh grids with Ultracut E (Reichert, Wien, Austria). After
staining with lead citrate, specimens were observed with
Morgagni 268D Electron Microscope (Philips).

For SEM, histological sections previously stained with hema-
toxylin and eosin (H-E), were reused. After removal of the cov-
erslip with xylene, the samples were brought to absolute alcohol,
processed by critical point drying (CPD 030, Balzers, Vaduz,
Liechtenstein), mounted on stubs with colloidal silver, sputtered
with gold by means of an MED 010 coater (Balzers), and exam-
ined under an FEI XL30 scanning electron microscope (FEI
Company, Eindhoven, NL).

Results

At TEM examination, the nuclear envelope of rhabdoid cells
appears preserved and nuclear pores are often visible.
Sometimes, nuclei present irregular contours. Nucleoli are often
large; they may lie at the nuclear periphery (nucleolar margin-
ation) and show abnormal arrangements of their major compo-
nents (Fig. 1b). Their large size, indicating rapid RNA turnover,
perhaps reflects heightened synthetic activity necessary for cell
replication [10, 11]. The cytoplasm, even if not well preserved by
the recovering procedure from formalin-fixed samples, clearly
shows abundant paranuclear aggregates of intermediate fila-
ments, pathognomonic feature of the RC, often presenting focal
densities (Fig. 1b,c) as reported in the literature [9].

Nuclear morphology and the large nucleoli often lying at
the nuclear periphery are clearly visible also by means of SEM
technique (Figs. 1d, 2¢,d, and 3). In addition, the intercellular
spaces, morphologically “empty” at light microscopy (Fig.
la), show clear cellular protrusions (lamellipodia) from the
cell edges (Figs. 1d, 2¢.d, and 3).

Discussion
Over the past 20 years, only 34 cases of colorectal carcinomas

with a rhabdoid phenotype have been reported [7]. This pecu-
liar morphology stands for an independent adverse prognostic
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Fig. 1 Rhabdoid colorectal
carcinoma light microscopy
showing neoplastic cells with
eccentrical nucleus and prominent
nucleoli (rhabdoid). Arrow heads
indicate the “empty” intercellular
spaces; the arrow indicates a
binucleated rhabdoid cell (panel
A). TEM images show dense
paranuclear aggregates of
intermediate filaments (arrow
heads) (panels B, C). SEM image
shows some protrusions similar to
lamellipodia in intercellular
spaces (circles, panel D)

factor in colorectal carcinoma regardless of the tumor staging
[2, 4, 7]. The main histological differential diagnosis is with the
malignant extrarenal rhabdoid tumors, a neoplasm more common
in childhood characterized by genetic inactivation of SMARCBI
(SNFS5, INI-1), a component of the SWI/SNF chromatin remod-
eling complex, or deletions at chromosome 22q [12]. It has been

Fig. 2 In vitro RKO intestinal

neoplastic cells (BRAFmut, a ’ % .. ".
CROCCwt, and MSI-H) with & F ]
normal CROCC gene (panel A) d @

and in which the CROCC gene > o

was silenced (panel B). The .. A N

CROCC-deficient cells (panel B)
exhibit rhabdoid features and ev-
ident protrusions (arrow heads)
similar to projections revealed in
ex vivo samples by SEM (circles)
(panels C, D)

demonstrated that RC and malignant extrarenal rhabdoid tumor
represent two distinct biologic entities that share rhabdoid mor-
phology and sometimes INI1 immunohistochemical alterations
[7]. Excluding malignant extrarenal rhabdoid tumors, some kind
of neoplasms may lose INI1 immuno-expression but in these
cases, the mechanism underlying the process consists mainly of
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Fig. 3 Rhabdoid colorectal
carcinoma ex vivo samples
studied by SEM technique
showing neoplastic nuclei with
nucleoli and nuclear abnormal
arrangements, beyond
lamellipodia in intercellular
spaces (panels A, B, C). Details
on two nuclei with the
aforementioned features (panel
D)

the epigenetic events or a functional feedback, as hypothesized in
RC[3,7].

Recently, a series of 7 RC (including the current cases) has
been associated with alterations in the centrosome structure
and in particular in the gene called CROCC (Ciliary Rootlet
coiled coil; or ROLT, TAXIBP2) [7]. CROCC alterations are
not fully unraveled yet and have been reported in human in:
RC [7], adult T cell leukemia [13], and hepatocellular carci-
noma [14]. Further studies are necessary to define its role in
human diseases. Our previous experiments in vitro by means
of cultured cells [7] showed that RKO intestinal neoplastic
cells with CROCC silencing have abnormal chromosome seg-
regation and higher frequency of monopolar spindles as com-
pared with control cell line (RKO—BRAF""',
SMARCBI""CROCC", and MSI-H). These RKO CROCC-
deficient cells exhibit all cardinal signs of rhabdoid features
at light microscopy, displaying huge nuclei pushed to the pe-
riphery of the cells, with single or multiple large nucleoli
associated with eosinophilic cytoplasmic inclusions, resem-
bling the morphology we observed here in RC ultrastructural
ex vivo specimens. At light microscopy, cellular protrusions
(lamellipodia) from the cell edge are evident with higher fre-
quency in RKO CROCC™ lacking in RKO CROCC" cells
[Fig. 2a,b]. Here, SEM evaluation of CROCC™" RC ex vivo
specimens showed, for the first time, similar projections. For
this reason, we hypothesize that these projections are not de-
termined by the absence of cell contacts in a free environment
but rather by genetic alterations.
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These cellular protrusions usually promote diverse process-
es of tumor cell migration and invasion determining neoplastic
metastatic capacities [15] and may represent a pathogenetic
determinant of RC aggressiveness. TEM evaluation showed
rhabdoid features consisting of dense paranuclear aggregates
of intermediate filaments and highlights a new feature as the
nucleolar margination.

In conclusion, this RC study by transmission electron mi-
croscopy confirms the diagnostic presence of intermediate
cytoplasmic filaments distinctive of this kind of neoplasm,
in association with nucleolar margination. In addition, the
presence of cellular projections in the intercellular spaces vis-
ible at SEM technique for the first time and not clear at light
microscopy allows us to consider an interesting morphologi-
cal feature in RC CROCC™" to investigate in the future. The
presence of these protrusions CROCC-related may be in-
volved in the pathogenetic mechanism of the aggressive
rhabdoid behavior.
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