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Abstract
Background Many efforts have been performed in the last decade to accomplish the genomic and proteomic characterization of
pediatric adamantinomatous craniopharyngioma with the purpose to elucidate the molecular mechanisms underlying the onset
and development of this pediatric brain tumor, its high recurrence rate, and, although classified as a histologically benign
neoplasm, its aggressive behavior.
Methods The focus of this review is to perform the new comparison of the proteomic profiles of the solid component and the
intracystic fluid of adamantinomatous craniopharyngioma based on our previous results, obtained by both the top-down and the
bottom-up proteomic approaches, to disclose differences and similarities, and to discuss the results in the context of the most
recent literature.
Results and conclusions Proteins and peptides identified in the cyst fluid and in the solid component of adamantinomatous
craniopharyngioma (AC) include beyondmarkers of inflammation (i.e., alpha-defensins), proteins involved in cell migration and
protein degradation (i.e., beta-thymosin and ubiquitin peptides), whose main role might be in tumor growth and infiltration of the
surrounding neural structures. These last appeared different in the solid components compared with the cyst fluid, missing their
terminal part in the solid tissue, a feature generally associated to malignancies, which might represent a distinct molecular site for
an aggressive behavior of AC.
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Introduction

In spite of the benign histological characteristics (WHO I),
craniopharyngioma in children still represents a management
challenge, namely because of the need to achieve the cure of the
tumor and to preserve the patient development at the same time.

Biologically, almost all pediatric craniopharyngiomas
show the features of the adamantinomatous type (AC). The
true cellular origin of AC remains to be definitively con-
firmed, but its location in the sellar/suprasellar region, com-
bined with the tumor epithelial features, implies that AC arises
from early pituitary progenitors in Rathke’s pouch, the embry-
on ic precurso r o f the an te r io r p i tu i t a ry g land .
Macroscopically, solid and cystic components, with micro-
and/or gross calcifications, are the main findings. The solid
portion is often quite amorphous and soft with numerous mi-
cro-calcifications, whereas the cyst fluid often described as
“machine oil,” has a viscous consistence that is reflective of
the content of cholesterol crystals and of the cellular debris
within the fluid.

* Claudia Desiderio
claudia.desiderio@scitec.cnr.it

* Gianpiero Tamburrini
Gianpiero.Tamburrini@unicatt.it

1 Istituto di Scienze e Tecnologie Chimiche “Giulio Natta”, Consiglio
Nazionale delle Ricerche, Largo F. Vito 1, 00168 Rome, Italy

2 Dipartimento di Scienze Biotecnologiche di Base, Cliniche
Intensivologiche e Perioperatorie, Università Cattolica del Sacro
Cuore, 00168 Rome, Italy

3 Fondazione Policlinico Universitario A. Gemelli IRCCS,
00168 Rome, Italy

4 Laboratorio di Proteomica, Centro Europeo di Ricerca sul Cervello,
IRCCS Fondazione Santa Lucia, Rome, Italy

5 UOC Neurochirurgia Infantile, Dipartimento di Scienze
dell’Invecchiamento, Neurologiche, Ortopediche e della Testa-Collo;
Fondazione Policlinico Universitario A. Gemelli – IRCCS,
Università Cattolica del Sacro Cuore, Largo Gemelli 1,
00168 Rome, Italy

https://doi.org/10.1007/s00381-020-04750-z

/ Published online: 2 July 2020

Child's Nervous System (2021) 37:789–797

http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-020-04750-z&domain=pdf
mailto:claudia.desiderio@scitec.cnr.it
mailto:Gianpiero.Tamburrini@unicatt.it


The best treatment option for AC is still a matter of debate.
Beyond the different perspectives based on the prominence of
a solid versus cystic nature of the lesion, the patient’s age and
his/her endocrinological status assume a prominent role. It is
actually almost universally agreed inside the neurosurgical
community that the therapeutic goal has to be to treat the child
with the least possible long-term (i.e., endocrinological, visu-
al) morbidity and the longest possible disease control. Tumor
removal has increased surgical risks, particularly in the case of
intricate relationships of craniopharyngiomas with surround-
ing vascular and nervous tissues, which may not always be
predicted on pre-operative imaging and might not be solved in
all cases, in spite of the availability of various surgical ap-
proaches (i.e., micro-surgical, endoscopic transsphenoidal,
endoscopic transventricular) and a continuous increasing
number of available surgical tools. The most popular alterna-
tives to surgery are represented for extensively cystic tumors
by the intracystic injection of bleomycin or, more recently, of
alpha-interferon. Secondary effects of drug leakage seem to be
not significant with alpha-interferon compared with
bleomycin. Both these treatments share the same encouraging
results in the first years of follow-up (until 5–7 years) but with
a criticism about the possibility that they can represent a per-
manent treatment (currently possible in no more than 30% of
cases). Conformal radiotherapy and gamma-knife are a further
option that has to be considered particularly to control small
solid tumor residuals/recurrences, if their surgical removal is
expected to carry an increased risk for their adherence to elo-
quent vascular and/or neural structures. In this context, the
previously documented risks of whole brain irradiation are
significantly reduced, nowadays, specifically for the focal re-
strictions and modulation of the radiation doses. However, in
the late sequelae on the hypothalamic/pituitary axis, optic
pathways (and cognitive functions) remain quite relevant.

On these grounds, we could conclude that the optimal man-
agement of this tumor is still under investigation. A benefit on
AC knowledge certainly comes from the proteomic analysis
of this tumor, which aims at reaching an individualized mo-
lecular perspective of cure.

Very recent reviews illustrate the advances of molecular
knowledge of AC tumor achieved by both transcriptomics
and proteomics studies [1, 2] and their evaluation to develop
targeted therapies, mainly directed to the modulation of in-
flammation and of the immune system [3]. As recently
outlined [2], as genomic-based studies, proteomics contribut-
ed to evidence the role of inflammation in AC and therefore to
the design of targeted therapies. The efforts, which in the past
and recent years were devoted to disclose the molecular fea-
tures of this tumor, were very recently summarized [3]. Inside
these results, the preeminent role of CTNNB1 gene mutation
in producing beta catenin accumulation in cluster cells and the
subsequentWNT signaling activation was first described. The
WNT/beta catenin signaling would have a role in tumor

growth and invasion through the paracrine secretion of cyto-
kines and chemokines in the surrounding cells. In addition
fascin, an actin-bundling protein, found overexpressed in
AC cluster cells, could be also responsible for cancer cells
migration and tumor infiltration. AC distinguishes for the pro-
teomic characterization in the intracystic fluid of proteins and
peptides involved in inflammation [2] and showed, with re-
spect to other brain tumors, high levels of chemokines, cyto-
kines, and immunosuppressive factors transcripts in both its
cyst fluid and solid components [4].

The description of the detailed results obtained by molec-
ular studies on AC is out of the purpose of the present paper.
Indeed, herein, we present the original comparison of the pro-
teomic data of the liquid cyst and the solid component of AC
accomplished by our group by diverse proteomic strategies in
order to investigate their differences and similarities and to
discuss them in the context of the current literature.

Proteomic strategies: the top-down
and the bottom-up platforms

With the purpose to disclose the molecular events responsible
for the occurrence of AC and to understand its locally aggres-
sive behavior, proteomic analysis gave its contribution by in-
vestigating either the intracystic fluid or the solid component
of AC by top-down and bottom-up platforms based on either
LC-MS or bi-dimensional electrophoretic analyses. These
strategies gave precious information that complemented geno-
mic and transcriptomic data in the assembling the molecular
medley underlining AC pediatric brain tumor onset and pro-
gression. Indeed, the protein phenotype of a cell, a tissue, or a
biological fluid is not the direct mirror of the expression pro-
file of the genetic construct, because post-translation modifi-
cations (PTMs), such as phosphorylation, acetylation, glyco-
sylation, oxidation, or C- and N-terminal truncations, can take
place and, moreover, can be modulated under human devel-
opment and pathological or epigenetic processes.

The top-down strategy, by characterizing the undigested,
and therefore, the naturally occurring protein and peptide pat-
tern of a biological matrix, is the strategy of excellence to
investigate proteoforms and isoforms and to characterize the
PTMs concurring to define deeply and to complete the draw-
ing of the protein phenotype. Moreover, this approach inter-
estingly allows studying the fragmentome, i.e., the intriguing
pool of peptides generated in vivo from proteases activity on
parent proteins, some of them to date called cryptides [5],
which typically exhibit a specific activity different from that
of the protein of origin. Many of them have been characterized
in pediatric brain tumor tissues, as recently reviewed [5]. In
spite of the advantages of this strategy, the complexity of the
biological matrix under characterization sometimes limits its
application. The sample pretreatment is indeed a critical step
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to carry out the identification of small proteins and peptides
and minor elements present in the sample. Top-down proteo-
mics is in fact limited to the analysis of small proteins (< 25–
50 kDa), and therefore, the removal of high molecular weight
proteins by accurate sample extraction is strongly
recommended.

Differently, the proteome analysis after enzymatic or chem-
ical digestion, under the name of bottom-up or shotgun prote-
omics, the most classical and widely applied approach, gives
diverse information, being able to identify protein in a wide
mass range, including high molecular weight proteins, and
providing large set of data suitable for bioinformatics elabo-
ration, gene ontology analysis, and pathway classifications.
Conversely, following this approach, the disclosure of natu-
rally occurring bioactive peptides or peptides fragments is
tricky. Nonetheless, with their pros and cons, these ap-
proaches complement each other and, if both applied, consti-
tute a valuable integrated analytical platform for a comprehen-
sive proteomic characterization of pathological specimens.

AC intracystic fluid and solid component:
comparing the proteomic profiles

To better understand the molecular mechanisms involved in
AC onset and development, both the characterization of the
tumor tissue and the fluid content of the cyst are of relevance.
In fact, the liquid cyst, often associated to this tumor and
possibly compressing the surrounding eloquent vascular and
neural structures because of the large size of the cyst, may be
responsible for important co-morbidities critically upsetting
quality of life of affected children. Hence, efforts were initially
devoted to characterize the proteomic content of the
intracystic fluid to elucidate the mechanism of formation and
growth of the cyst. The results were therefore integrated with
the data obtained onAC solid component for a comprehensive
characterization of the tumor.

Our group investigated the protein composition of AC
intracystic fluid [6–8] and AC solid component [9] by the
application of a top-down/bottom-up LC-MS integrated pro-
teomic platform following diverse pretreatments according to
the analytical approach used (Fig. 1). A recent review sum-
marizes our results on proteomic investigation of AC
intracystic fluid [1].

The proteomic analysis of AC intracystic fluid required the
careful optimization of the pretreatment procedure due to its
peculiar composition. With respect to other tumor intracystic
fluids, it is characterized by a yellow-brown liquid feature
containing calcium flecks, bone residues, cholesterol granule
solid components, and a noticeable amount of lipids, especial-
ly cholesterol, resembling a “motor oil fluid” [10]. The top-
down proteomic analysis was applied to the soluble fraction
obtained after sample acidification, while different

pretreatment procedures were applied for protein digestion
by bottom-up approach, including untreated intracystic fluid
or treated for high abundant protein depletion and lipid remov-
al. A different procedure was applied to the solid component
of AC. After tissue homogenization, different aliquots of the
resulting supernatant were submitted to top-down or bottom-
up analyses after a protein precipitation step. For top-down
analyses, the protein pellet was re-dissolved in acidic solution
and the supernatant was analyzed. For bottom-up analyses, the
protein pellet was re-dissolved and processed for enzymatic
digestion following the protocol reported in [9].

Behind the diverse proteomic strategies, the key discovery
was the characterization, in AC intracystic fluid, of proteins
and peptides involved in inflammation. In particular, the anal-
ysis of AC intracystic fluid by top-down approach allowed the
identification of alpha-defensins 1–4 and beta-thymosins as
the most interesting peptide components, together with other
proteins involved in inflammation, mineralization processes,
and lipid transport andmetabolism, i.e., alpha-2-HS-glycopro-
tein, alpha1-antichymotrypsin, and apolipoproteins [8].
Alpha-defensins 1–4 (HNP1–4), antimicrobial peptides char-
acterized by multiple disulfide bonds in their structure, are
mainly expressed by neutrophils and are released in response
to inflammation [11, 12]. The mechanism by which HNP-1
exerts its anti-inflammatory properties has been recently elu-
cidated [13]. The intracystic injection treatment with
interferon-α produced a decrease of alpha-defensins peptides
and a reduction of the cyst dimension, evidencing a possible
correlation between cyst development and growth and innate
immunity response and inflammation. Recent transcriptomic
studies disclosed elevated levels of inflammatory mediators,
i.e., chemokines and cytokines (IL-1, IL-8, CXCL1) in both
the cystic fluid and the solid component of AC with respect to
other brain tumors [4], thus confirming the important role of
inflammation in the pathogenesis of this tumor and its poten-
tial targeting for therapeutics. In this study, it was for the first
time evidenced the presence in AC of elevated levels of IL-10
and IDO-1 immunosuppressive factors with respect to other
tumors.

Beta-thymosins are about 5 kDa peptides found in many
cells and exerting several biological activities [14, 15]. In ad-
dition to a potential anti-inflammatory role of thymosin beta-4
in AC, as recently reported specifically in the brain [16], this
peptide could be involved in tumor growth and infiltration.
Thymosin beta-4 is in fact the main sequestering agent of
monomeric actin and, through regulation of its polymeriza-
tion, plays a role in cell differentiation, migration, in the
morpho- and organogenesis processes and cytoskeletal orga-
nization [17, 18]. Thymosin beta-4 could act as promoting
agent of tumor development and invasion via E-cadherin
downregulation and activation of beta-catenin signaling [19,
20]. On the other hand, thymosin beta-4 was reported to exert
its anti-inflammatory action by the downregulation of pro-
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inflammatory cytokines, chemokines, and matrix metallopro-
teinases and through its action on NFkB. Moreover, the anti-
inflammatory effect of the peptide was also possibly ascribed
to its capacity to upregulate IL-10 [17]. The characterization
of thymosin beta-4 in AC and the high levels of IL-10 in the
tumor tissue [4] could be therefore an interesting correlation.

Thymosin beta-4 and beta-10 are very similar peptides,
both involved in monomeric acting binding and exerting sim-
ilar functions [21, 22]. These peptides have been characterized
both in the intracystic fluid and in the solid component of AC
following the same proteomic approach, the top-down
strategy.

It is not to be excluded that the characterization of thymosin
beta-4 in AC could be in some way linked to the high levels of
fascin protein recognized in the tumor in addition to beta ca-
tenin accumulation [3]. Fascin, an actin-bundling protein, was
ascribed to have a role, in connection with WNT signaling, in
promoting cancer cells migration and invasion in adjacent
structures. Actin could be the unquestionable link between
thymosin beta 4 and fascin, the latter possibly concurring in
tumor progression.

The role of beta-thymosin peptides in tumors has been long
time discussed [23], and their role as potential biomarkers or
therapeutic targets for the management of cancers has been
recently proposed [24–26]. Thymosin beta-4 has found to
promote tumor metastasis and angiogenesis [27] and to be
overexpressed in several cancers [28–30]. The levels of thy-
mosin beta-10, however, mainly associated to malignant tu-
mors [25, 31], varied depending on the tumor type and its role
is still largely unclear. Recently, the mechanisms of action of
beta-thymosins in some type of tumors have been outlined
[32–34]. It was in fact reported that thymosin beta 10 pro-
motes breast cancer invasion and proliferation through the
activation of AKT/FOXO signaling [32]. Particularly, in rela-
tion to brain tumors, thymosin beta 4 was recently established

to promote the invasiveness of glioblastoma, because the gene
silencing reduced the tumor progression [33]. Very recently,
in a study on human cervical cancer cells, thymosin beta 4
overexpression was associated to increased formation of pri-
mary cilia, involved with their assembling/disassembling pro-
cesses in tumorigenesis and tumor invasion, through the ca-
pability of the peptide to interact with and regulate the NPHP3
ciliary protein [34].

Previous studies by our group recognized thymosin be-
ta 4 overexpression in posterior fossa medulloblastoma
with respect to pilocytic astrocytoma tissue pools [35]
and the exclusive detection of thymosin beta 10 in the
most aggressive histotype. In a proteomic study on poste-
rior fossa ependymoma, thymosin beta 4 was statistically
significant overexpressed in the supratentorial tumor loca-
tion [36].

Both alpha-defensins and beta-thymosin peptides have
been characterized in the solid component of AC as well using
a top-down strategy based on LC-MS analysis of the acid-
soluble protein fraction of tissue homogenates.

The characterization of alpha-defensins also in AC tissue is
a further confirmation of the role of inflammation and innate
immunity in the pathology.

Concerning beta-thymosins, it is interesting to underline that in
tumor tissue, the two peptides showed the presence of different
proteoforms. Particularly, the oxidized form of thymosin beta 4
and the des-IS-truncated form of thymosin beta 10, missing two
C-terminal amino acid residues, were co-identified [9]. It is note-
worthy to point out thatwhen secreted, i.e., inAC intracystic fluid,
both the beta-thymosins appeared exclusively in their intact form
while, in tissues, various PTMs, such as oxidation, fragmentation,
or C-terminal truncation, were detected with diverse ratios de-
pending on tumor type. C-terminal-truncated forms of both
beta-thymosin peptides have been in fact previously characterized
in the brain tissue of Alzheimer’s disease model mice [37] and in

Fig. 1 Proteomic strategies and
experimental workflow applied to
adamantinomatous
craniopharyngioma intracystic
fluid and solid component
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tumor tissue pools of posterior fossa pediatric brain tumors [35].
Particularly, in medulloblastoma, marked by thymosin beta 10 as
above described, the thymosin beta 10 des-IS–truncated formwas
particularly abundant and was prevalent over the entire form [35].

The process of formation and, particularly, the bio-
logical significance of the truncated proteoforms of
beta-thymosin peptides are still to be clarified.
However, their absence in fluids of secretion could be
indicative of a different intracellular and extracellular
role of these peptides to be deeply investigated and
considered in the perspective of potential targeted ther-
apies, especially in cancer. The presence of beta-
thymosin peptides in the fluid and the solid component
of AC, on the light of their reported role in cancer
above described, could be correlated to the aggressive
behavior of this, still classified benign, tumor.

The absence of C-terminal truncation of thymosin beta 4 in
AC tissue and the presence of its sulfoxide form at Met6 res-
idue are other interesting findings. Thymosin beta 4 sulfoxide
has been identified in human saliva, colon cancer, and humor
vitreous [38]. Thymosin beta 4 sulfoxide has the same affinity
as thymosin beta 4 for actin monomers. However, it has no
inhibitory action but only an effect of delay on actin polymer-
ization [39]. The formation of thymosin beta 4 sulfoxide
seems to occur naturally, and it is probably part of the fine
system of regulation of filament formation. The oxidation at
methionine site was reported to interestingly enhance the ex-
tracellular signaling of thymosin beta 4 peptide in exerting its
anti-inflammatory action [40]. Moreover, recently, the capac-
ity of thymosin beta 4 sulfoxide of immune cell scattering has
been specifically evidenced [41]. In fact, at the wound site,
thymosin beta 4 sulfoxide, formed by hydrogen peroxide,
would act as a multifunction dispersing agent of the immune
cells, preventing chronic inflammation, and controlling tissue
repair. It is then surprising that thymosin beta 4 sulfoxide was
undetected in AC intracystic fluid while instead detected in its
solid component. Probably, in the cystic fluid, the conditions
are not proper for the formation of the sulfoxide derivative
from thymosin beta 4, maybe due to the absence of hydrogen
peroxide or to a different function of the thymosin beta 4
peptide.

Interestingly, thymosin beta 4 sulfoxide is, in contrast to
the parent peptide, a potent inhibitor of mouse paw
carrageenin-induced edema, thus exhibiting a potent anti-
inflammatory activity [40]. It could be speculated that the
absence of detectable levels of thymosin beta 4 sulfoxide in
AC intracystic fluid might be somehow involved in an uncon-
trolled mechanism of cyst growth and inflammation, instead
probably promoted by thymosin beta 4 through its regulation
capability of actin polymerization and marked by alpha-
defensins peptides.

In analogy to what has been observed for thymosin beta 10,
while AC intracystic fluid was characterized by the detection

of only the entire form of ubiquitin monomer (MW 8560.62,
[M + H]+ monoisotopic) [8], the solid component of AC ex-
hibited the presence of its des-GG- and des-RGG-truncated
forms missing two or three C-terminal amino acid residues,
respectively [9]. As for the beta-thymosin-truncated
proteoforms, the biological significance of the C-terminal-
truncated ubiquitin monomers is still under investigation, al-
though they were often associated to malignancies and are
indicative of the possible alteration of the processes of
ubiquitination. C-terminal-truncated ubiquitin, as well as trun-
cated beta-thymosins, has been described in melanoma pa-
tients in association with low survival [42]. Similarly to des-
IS thymosin beta 10, the des-GG ubiquitin was overexpressed
and was more abundant than the unmodified ubiquitin in the
most aggressive medulloblastoma with respect to pilocytic
astrocytoma [35]. C-terminal-truncated ubiquitin was reported
to have a distinguished profile in childhood leukemia [43] and
breast cancer [44]. Recently, the des-GG ubiquitin was report-
ed to be a potential biomarker of risk of cancer development in
cirrhotic patients, due to its recognized accumulation during
the process of transition of cirrhosis to hepatocellular carcino-
ma, ascribed to the action of kallikrein-related peptidase 6 on
monomeric ubiquitin substrates [45].

In the solid component of AC, the levels of ubiquitin
monomer and its des-GG-truncated forms were similar. The
ubiquitin-truncated proteoforms are possibly linked to the ac-
tivity of the ubiquitin carboxyl-terminal hydrolase isoenzyme
L1 (UCHL1), one of the most represented proteins character-
ized by the bottom-up approach [9].

The discovery of the C-terminal-truncated proteoforms of
ubiquitin and beta-thymosins in AC solid component could
therefore be a clue of the aggressive behavior of the tumor,
since these forms have been generally found in high-grade
tumors. Table 1 summarizes the diverse proteoforms of beta-
thymosin peptides and ubiquitin identified in AC.

The AC solid component and intracystic fluid further
shared the identification of specific hemoglobin fragments of
the alpha globin chain, namely the fragments 2-33 and 2-34.
These fragments of molecular mass of 3326.70 and
3473.77 Da ([M + H]+, monoisotopic), respectively, belong
to a group of tissue-specific cryptides of hemoglobin origin
previously identified in cerebrospinal fluid in relation to pedi-
atric brain tumors of posterior fossa [46]. However, their bio-
logical significance has not been fully elucidated yet [5].

The results of top-down analysis of the solid component of
AC revealed a wider number of identifications with respect to
intracystic fluid, in accordance with the type of biological
matrices and the diverse sample pretreatment procedure ap-
plied. It is noteworthy to underline that some peptides identi-
fied by top-down proteomic analysis of the solid component
were also identified in the intracystic fluid following the
bottom-up approach. It is for instance the case of the fragment
387-423 of alpha-1-antichymotrypsin, corresponding to the
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C-terminal part of the protein and interestingly reported to be
involved in the acute response to inflammation, as identified
as candidate biomarker of glioblastoma in cerebrospinal fluid
[47] and of acute renal allograft rejection [48]. This peptide
was suggested as produced in vivo by the action of cathepsin
D [49]. Although identified by bottom-up approach, this pep-
tide seemed naturally occurring in the cystic fluid rather than
produced by the tryptic digestion of the parent protein.

All proteins identified in AC intracystic fluid by bottom-up
approach, namely alpha-2-HS-glycoprotein (AHSG), apolipo-
proteins C-I, A-I, A-II and J (Clusterin), vitamin D–binding
protein (DBP), and alpha-1-acid glycoprotein 1 (AGP1), have
been likewise identified in the tumor solid component. They
demonstrate the strict correlation of the cyst to the solid tumor
part, not only on morphological but also on molecular basis.
These proteins are in accordance with the characteristics of the
cyst and the behavior of the tumor, since they are involved in
mineralization processes (particularly of calcium and phos-
phate), lipid transport and metabolism, and inflammatory re-
sponse [1].

Conclusions

It is worth outlining that the liquid cyst and the solid compo-
nents of AC share many protein and peptide elements in-
volved in inflammation, oncogenesis, and calcium metabo-
lism, with a clear indication of their similar molecular features
and of common molecular events occurring during the tumor
pathogenesis. The proteomic approaches can be considered a
successful integrated analytical platform for the comprehen-
sive characterization of AC tumor, complementing the data of
its cystic fluid with its solid part. The AC intracystic fluid
showed a poorer proteomic profile than the relative solid com-
ponent. However, the diverse pretreatment procedures of the
specimens and the different biological matrix composition,
i.e., the high lipid content, have to be taken into account.
Nonetheless, the results allowed to outline interesting discus-
sion on the protein and peptides commonly identified in AC
intracystic fluid and solid component, hypothesizing their pos-
sible role in the disease, either as marker of inflammation, i.e.,
alpha-defensins, or involved in cell migration and motility,
i.e., beta-thymosin peptides, or involved in tumor growth
and infiltration as well as in anti-inflammatory processes.

An interesting aspect was the identification of proteoforms
of thymosins and ubiquitin peptides in the AC solid compo-
nent, instead found only in the intact form in the cystic fluid.
The top-down proteomic approach originally disclosed in AC
solid component the C-terminal-truncated forms of thymosin
beta 10 and ubiquitin, missing the last two or three amino acid
residues, generally associated to malignancies and therefore
representing a possible indication of the aggressive behavior
of AC. On the other hand, the finding of the oxidized form of

thymosin beta 4 could have instead an anti-inflammatory pro-
tective role. The absence of these proteoforms in the
intracystic fluid, where only the entire forms of beta-
thymosin peptides were detected, could suggest a different
intra- and extracellular mechanisms of action of the peptides
and/or of their different modulation through various PTMs.
Overall, the comparison of the proteomic profiles of the solid
component and of the intracystic fluid of AC disclosed many
similarities from a proteomic point of view, further confirming
the role of inflammation in the disease pathogenesis and giv-
ing new hints to deeply investigate the molecular mechanisms
involved in the aggressive behavior and high recurrence of
this tumor.
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