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Abstract: The cancer secretome reflects the assortment of proteins released by cancer cells. Investigat-
ing cell secretomes not only provides a deeper knowledge of the healthy and transformed state but
also helps in the discovery of novel biomarkers. Secretomes of cancer cells have been studied in the
past, however, the secretome contribution of stromal cells needs to be studied. Cancer-associated
fibroblasts (CAFs) are one of the predominantly present cell populations in the tumor microenvi-
ronment (TME). CAFs play key role in functions associated with matrix deposition and remodeling,
reciprocal exchange of nutrients, and molecular interactions and signaling with neighboring cells in
the TME. Investigating CAFs secretomes or CAFs-secreted factors would help in identifying novel
CAF-specific biomarkers, unique druggable targets, and an improved understanding for personal-
ized cancer diagnosis and prognosis. In this review, we have tried to include all studies available in
PubMed with the keywords “CAFs Secretome”. We aim to provide a comprehensive summary of the
studies investigating role of the CAF secretome on cancer development, progression, and therapeutic
outcome. However, challenges associated with this process have also been addressed in the later
sections. We have highlighted the functions and clinical relevance of secretome analysis in stromal
CAF-rich cancer types. This review specifically discusses the secretome of stromal CAFs in cancers.
A deeper understanding of the components of the CAF secretome and their interactions with cancer
cells will help in the identification of personalized biomarkers and a more precise treatment plan.

Keywords: cancer; cancer associated fibroblasts; secretome; tumor microenvironment; stroma; tumor
conditioned medium

1. Introduction

The term “secretome” was used originally by Tjalsma et al., in the context of proteins
secreted by Bacillus subtilis [1]. In the human genome, secreted proteins represent a signifi-
cant proportion of the total proteins encoded [2]. The secretome of a healthy human cell is
comprised primarily of cytokines, growth factors, hormones, enzymes, glycoproteins, coag-
ulation factors, and extracellular vesicles (EVs). EVs are a type of membrane-encapsulated
particle that carry regulatory molecules, including RNA species (microRNAs, long non-
coding RNAs, mRNAs), lipids, DNA fragments, oncoproteins, and oncopeptides from
the donor to recipient cells. EVs include exosomes and micro-vesicles, help in cell–cell
communication, and are of high significance in cancers [3]. A balanced secretome is vital for
maintaining physiological homeostasis and a healthy condition. An in-depth investigation
of cellular secretomes could potentially bring novel insights into the mechanisms behind
disease development and eventually discover novel biomarkers and therapeutic targets.

Performing a secretome profile of primary human cells from healthy donors can help
in establishing a landscape of a healthy secretome that can be exploited for comprehen-
sive human secretome data in the future. Such a human secretome atlas can be used
as a reference for discovery of potential disease-associated biomarkers and eventually
novel therapeutic targets [4]. Secretory proteins are also involved in the development of
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metabolic and neural diseases and may provide key knowledge about their pathological
mechanisms [5]. A wealth of knowledge in the field of secretome biology comes from the
studies investigating mesenchymal stem cells (MSCs). In the last decade, a large number
of studies have investigated MSCs secretomes as a promising therapy for trauma and
injuries [6]. Using the MSC secretome for treatment may help in overcoming hurdles such
as oncogenic transformation, immunoreactivity, and high cost associated with conventional
cellular therapy [7]. However, characterization of the components of the secretome is the
first step towards biomarker identification and will require reliable, extremely sensitive
assays [8].

As shown in Table 1, a total of 42 clinical studies appeared when searched for se-
cretome data in ClinicalTrials.gov. (key word: “secretome”, data accessed on 9 February
2023). Thirty-six of studies found are represented in Table 1. A wide variety of clinical
studies were found investigating the relevance and therapeutic potential of secretomes in
various diseases, including cancers, COVID-19, obesity, Osteoarthritis, fertility, and more.
Table 2. Summarizes secretome clinical data regarding cancers. Out of the 42, details of the
remaining 6 studies are provided in Table 2. The clinical trial identifier number can be used
to explore each study individually.

Table 1. Clinical studies investigating the safety and potential of secretomes in different health
conditions and diseases.

S.No. Condition or Disease ClinicalTrials.gov Identifier Recruitment Status

1 Polycystic Ovary Syndrome NCT05279768 Recruiting

2 Ocular Surface Disease NCT05204329 Not yet recruiting

3 COVID-19 NCT04753476 Recruiting

4 Osteoarthritis NCT04223622 Recruiting

5 Bone Loss NCT04980261 Recruiting

6 Knee Osteoarthritis NCT05579665 Active, not recruiting

7 Skin Aging NCT05508191 Active, not recruiting

8 COVID-19 NCT05122234 Completed

9 COVID-19 NCT05019287 Completed

10 Inflammatory
Bowel Diseases NCT04136587 Recruiting

11 Type 2 Diabetes Mellitus NCT03341793 Unknown

12 Female Infertility NCT03042364 Completed

13 Obesity, Morbid
Type2 Diabetes NCT03093298 Completed

14 Osteoarthritis NCT04314661 Recruiting

15 Cushing Syndrome NCT03229395 Completed

16 Vagina Laxity NCT05710536 Recruiting

17 Blastocyst (implantome) NCT00505115 Completed

18 Multiple System
Atrophy, Parkinsonism NCT04876326 Recruiting

19 Prosthetic Joint Infection NCT04661345 Recruiting

20 Ischemic Stroke NCT05008588 Recruiting

21 Keloid NCT04326959 Not yet recruiting

22 Female Stress
Urinary Incontinence NCT02023502 Recruiting

23 Asthma NCT05478824 Not yet recruiting

ClinicalTrials.gov
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Table 1. Cont.

S.No. Condition or Disease ClinicalTrials.gov Identifier Recruitment Status

24 Ligament Injury NCT04889963 Recruiting

25 Chronic Ulcer NCT04134676 Completed

26 COVID-19 NCT04903132 Recruiting

27 COVID-19 NCT04602442 Unknown

28 COVID-19 NCT04491240 Completed

29 Osteoarthritis NCT05211986 Recruiting

30 Asthma NCT04883320 Recruiting

31 Fertility NCT02010424 Completed

32 Chronic Kidney Diseases NCT05155267 Recruiting

33 Hidradenitis Suppurativa NCT05208099 Not yet recruiting

34 Pulmonary
Arterial Hypertension NCT03905083 Withdrawn

35 Obesity NCT04687540 Completed

36 Multiple Sclerosis NCT04294979 Unknown

Table 2. Clinical studies investigating safety and potential of secretome in cancers.

S.No. Cancer ClinicalTrials.gov Identifier Recruitment Status

1 Nasopharyngeal Cancer NCT05261750 Recruiting

2 Ovarian Cancer NCT05047926 Recruiting

3 Pancreatic cancer NCT03791073 Recruiting

4 Head and Neck Cancer NCT04007081 Completed

5 Non-Small Cell Lung Cancer NCT02852083 Unknown

6 Melanoma NCT02310451 Recruiting

A deregulation in the constituents of the secretome is associated with development
of the cancerous state [9]. The secretome regulates essential processes in cancers related
to cell type differentiation, invasion, metastasis, and angiogenesis [10]. Tumor secretomes
support the pro-tumorigenic processes via interleukins, including IL-6 and IL-8, members
of the transforming growth factor (TGF) family, such as TGFβ, and secreted enzymes, such
as matrix metalloproteinases (MMPs), capable of degrading the extracellular matrix (ECM),
which together enable tumor cell migration and invasion. Glycoproteins such as clusterin,
mucins, EV, and EV-derived miRNAs also help in this process [11]. The composition of the
cancer secretome can be affected by alterations in de novo synthesis, half-life, and cellular
trafficking of the secretome components. The secretome is also impacted by deregulations
in the molecular signaling pathways. It can be suggested that altered cancer cell secretomes
depend on multiple factors, although the processes that drive towards a more tumorigenic
secretome are yet to be fully understood [12]. A secretome analysis allows the profiling
and characterization of different soluble proteins, including cytokines and growth factors.

When looking for clinical studies investigating cancer secretomes, we found six stud-
ies registered in ClinicalTrials.gov. (key word: “cancer secretome”, data accessed on
9 February 2023). The studies mentioned below are designed to explore the potential of the
secretome in different cancers. Table 2 presents data regarding the recruitment status and
identifier number for clinical trials exploring cancer secretomes.

The cancer secretome is also comprised of proteins released from the neighboring
cancer-associated stromal cells, such as cancer-associated fibroblasts (CAFs) [13]. One of
the broader methods of tumor– stroma communication is via paracrine interaction [14–16].
Cell conditioned media can be exploited as secretomes to study a variety of secreted factors

ClinicalTrials.gov
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playing a direct role in such interactions. Figure 1 provides a general view of the secretome
and discusses pros and cons of the secretome as a source for future investigations and
therapeutic designing. These secreted proteins are fundamental in cancer cell growth,
proliferation, invasion, and angiogenesis by controlling cell–cell and cell–extracellular
matrix interactions [17]. The following section summarizes the relevance of CAFs in
the TME.

Cells 2023, 12, x FOR PEER REVIEW 4 of 18 
 

 

 

Figure 1. Secretome: Advantages and limitations; (A) shows different diseases exploring the clinical 

relevance of secretome-based therapy; (B) addresses the advantages and limitation associated with 

the use of CAFs (cell specific) secretomes in cancer. 

2. Carcinoma-Associated Fibroblasts 

Carcinoma-associated fibroblasts are activated fibroblasts that represent one of the 

abundant cell populations present in tumors. CAFs contribute to cancer initiation and 

progression by delivering oncogenic signals in a paracrine manner [1]. CAFs are consid-

ered indispensable in the TME because they support tumor cells at every step of cancer 

progression by providing a structural and functional framework. CAFs produce chemo-

kines, growth factors, and ECM structure that aids in the recruitment of other cell popu-

lations, such as endothelial cells and pericytes [18]. CAFs help in initiating metabolic and 

immune reprogramming that fosters a pro-tumorigenic microenvironment and may drive 

the tumor towards adaptive resistance to chemotherapy. CAFs display heterogeneity 

which imparts a context-dependent effect on cancer [19]. CAF heterogeneity can be at-

tributed to various factors, including the fibroblasts they originate from, tissue position, 

morphology, and an absence of lineage markers for other cells. In a tumor biopsy, CAFs 

can be primarily identified by their elongated shapes and lack of markers for epithelial, 

endothelial, and leukocyte cells. Some of the most used markers for characterization in-

clude alpha-smooth muscle actin (αSMA), vimentin, fibroblast activation protein (FAP), 

and platelet-derived growth factor receptor α (PDGFRα) [20]. Often, negative markers 

such as epithelial cell adhesion molecule (EPCAM), caldesmon 1 (CALD1), and 

smoothelin (SMTN) are also used together in combination [21]. All abbreviations are also 

expanded at the end of the manuscript. 

As shown in Figure 2A, the transition of normal fibroblasts (NFs) to CAFs is a com-

mon phenomenon in the TME. It has been reported that p53 supported transcription is 

substantially altered in CAFs compared to NFs. This transcriptional rewiring renders an 

altered p53-dependent secretome in CAFs. It can be suggested that transcriptional rewir-

ing mediates a non-mutational stromal education that aids the tumor suppressive to tu-

mor supportive role of CAFs [22]. Molecular deregulations play a strong role in driving 

the process of activation of a normal fibroblast to CAF. Altered signaling pathways such 

as nuclear factor kappa B (NF-kB) signaling [23], p53 signaling [24], TGFβ family ligands 

Figure 1. Secretome: Advantages and limitations; (A) shows different diseases exploring the clinical
relevance of secretome-based therapy; (B) addresses the advantages and limitation associated with
the use of CAFs (cell specific) secretomes in cancer.

2. Carcinoma-Associated Fibroblasts

Carcinoma-associated fibroblasts are activated fibroblasts that represent one of the
abundant cell populations present in tumors. CAFs contribute to cancer initiation and
progression by delivering oncogenic signals in a paracrine manner [1]. CAFs are considered
indispensable in the TME because they support tumor cells at every step of cancer pro-
gression by providing a structural and functional framework. CAFs produce chemokines,
growth factors, and ECM structure that aids in the recruitment of other cell populations,
such as endothelial cells and pericytes [18]. CAFs help in initiating metabolic and immune
reprogramming that fosters a pro-tumorigenic microenvironment and may drive the tumor
towards adaptive resistance to chemotherapy. CAFs display heterogeneity which imparts a
context-dependent effect on cancer [19]. CAF heterogeneity can be attributed to various
factors, including the fibroblasts they originate from, tissue position, morphology, and an
absence of lineage markers for other cells. In a tumor biopsy, CAFs can be primarily identi-
fied by their elongated shapes and lack of markers for epithelial, endothelial, and leukocyte
cells. Some of the most used markers for characterization include alpha-smooth muscle
actin (αSMA), vimentin, fibroblast activation protein (FAP), and platelet-derived growth
factor receptor α (PDGFRα) [20]. Often, negative markers such as epithelial cell adhesion
molecule (EPCAM), caldesmon 1 (CALD1), and smoothelin (SMTN) are also used together
in combination [21]. All abbreviations are also expanded at the end of the manuscript.

As shown in Figure 2A, the transition of normal fibroblasts (NFs) to CAFs is a com-
mon phenomenon in the TME. It has been reported that p53 supported transcription is
substantially altered in CAFs compared to NFs. This transcriptional rewiring renders an
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altered p53-dependent secretome in CAFs. It can be suggested that transcriptional rewiring
mediates a non-mutational stromal education that aids the tumor suppressive to tumor
supportive role of CAFs [22]. Molecular deregulations play a strong role in driving the
process of activation of a normal fibroblast to CAF. Altered signaling pathways such as
nuclear factor kappa B (NF-kB) signaling [23], p53 signaling [24], TGFβ family ligands sig-
naling [25], and janus kinase 1 (JAK1) signaling [26] also help in the activation of fibroblasts
via activating signal transduction.
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Figure 2. Features of CAFs secretome; (A) displays the process of fibroblast activation; (B) explains
the diverse tumor-promoting features of the CAFs secretome.

Cancer-associated fibroblasts have gradually been viewed as key targets for thera-
peutic advancement in patients with cancer. Exploring CAF-specific features has been
advantageous in the hunt for promising cancer biomarkers [27,28]. Sahai et al., have dis-
cussed a clinical trial targeting CAFs as clinically relevant targets. This is in view of the
idea that exploring CAF-targeting strategies complementary to existing therapies would
be of greater clinical benefit. For example, new small molecule inhibitors as anti-stromal
drugs that can target crosstalk between CAFs and cancer cells are being investigated [29].
The following section explains features of the CAF secretome and its targeting.

3. CAF Secretome and Pharmacological Targeting

An altered secretome shifts the balance towards substantial deregulation in proteins
that promote the oncogenic processes (Figure 2B). The secretome of activated fibroblasts not
only fosters differential regulation of protein expression, but the soluble factors present in
the secretome stimulate the activity of enzymes such as metalloproteinases in the membrane
of cancer cells, leading to the release of ligands that activate and upregulate associated
signaling pathways. Additionally, the secretome of the activated fibroblasts also impacts
the functional assembly of proteins. The secretome of activated fibroblasts may directly
influence the process of protein homo- or hetero- dimerization to favor a highly oncogenic
form [30].

Identification and characterization of CAF-derived proteins or the CAF secretome
would help in understanding tumor stroma interactions in a way that would enable identi-
fication of CAF-specific molecular features that play a crucial role in cancer development.
Investigating the CAFs secretome is not only crucial for understanding tumor behavior,
but to also discover novel targets for cancer therapies. Investigating the role of the CAF
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secretome in different cancers is important for gaining novel insights about the tumor–
stroma interactions. This section summarizes the data available regarding the CAF-derived
secretome. Studies investigating CAFs secretome profiling and analysis were searched
using the keywords: CAFs Secretome. The last study was accessed on 29 November 2022.

Pharmacological targeting of stromal CAFs can be of clinical advantage in cancers
with rich stroma with poor treatment response. Cancer-associated fibroblasts are often
associated with drug resistance. Interestingly, CAFs’ effect on drug resistance is context
dependent. Understanding the relationship between components of the CAF secretome
and the signaling needs of different tumors may help in discovering effective combina-
tion treatment strategies. The tumor cell secretome of cancer cells is known to promote
chemoresistance, tumor recurrence, and overall poor outcome. In this review, we have
summarized studies investigating the CAF secretome and its relevance to cancer. Investi-
gating stromal CAFs as potential therapeutics will help control a pro-tumorous secretome,
thereby preventing CAF-mediated cancer progression. However, therapeutic targeting
of the CAF secretome remains a challenge and the field and needs to be investigated in
detail. The subsections summarize the data available regarding the secretome derived
from cancer-specific CAFs and how they impact cancer development, progression, and
treatment outcome.

3.1. Colorectal Carcinomas (CRC)

Worldwide, colorectal carcinoma ranks third among most diagnosed malignancies
and stands second for being the leading cause of death. It is a heterogeneous disease
involving different pathways in its development [31]. Colon cancer cells interact with
stromal cells, immune cells, and the intestinal microbiome to drive progression of CRC [32].
CAFs play a crucial role in CRC progression and can predict poor prognosis in patients
with CRC [33]. CAFs enhance tumor-initiating cells in CRC; transforming growth factor
(TGF)-β signaling further increases it dramatically. It was observed that in all CRC subtypes
with poor prognosis, stromal TGF-β played a significant role in tumor progression. TGF-β
inhibitors blocked cancer cells’ interaction halting disease progression in patient-derived
in vitro tumor models [34]. In mouse models of colitis-associated CRC, it was observed
that stromal genes may contribute towards colorectal carcinogenesis. To investigate this
further, a colitis-associated CRC mouse model was used. A lineage-tracing study was
performed on FACS sorted CRC-CAFs. It was observed that ACTA2+ CAFs emerged from
intestinal pericryptal leptin receptor (Lepr)+ cells through proliferation. Lepr-lineage CAFs
expressed CRC stroma-specific marker melanoma cell adhesion molecule (MCAM), and a
higher MCAM expression was inversely related to patient survival in CRC. In a mice model,
stromal MCAM knockout blocked colorectal tumor growth and improved survival via
decreasing the recruitment of tumor-associated macrophages. Fibroblast MCAM interaction
with interleukin-1 receptor 1 augmented NF κB-IL34/CCL8 signaling that is responsible
for macrophage chemotaxis. The MCAM+ CAFs leads to a pro-tumorigenic immune
microenvironment [35].

Findings from CRC-CAF secretome analysis revealed a hybrid epithelial–mesenchymal
transition (EMT) state mediated via hepatocyte growth factor (HGF) signaling. Fibroblasts
derived from tumor region in CRC were found to express significantly elevated levels
of CAF marker α-SMA [36]. Further, the secretomes of CAFs were seen to increase the
expression of stemness-related markers including OCT4, CD44, CD133, and ALDH1A1
in human CRC Cells [37]. It is well established that paracrine signaling between CAFs
and cancer cells drives a unique protein expression profile. In CRC, CAFs recruited via
the growth factors derived from cancer cells display a myofibroblastic phenotype. To
advance the understanding of colon cancer cell and CAFs interaction, proteomic analysis
of conditioned media derived from a coculture model system has been performed. The
proteomics data revealed increased expression of proteins associated with a myofibrob-
lastic signature, including collagen type XII, collagen type III, and COL12A1 involved in
regulating metastasis of colorectal cancer [38]. Comparative proteomic analysis of con-
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ditioned media from CAFs and NFs in colon cancer revealed an enrichment of proteins
associated with the extracellular matrix, cell motion, adhesion, inflammatory response,
peptidase inhibitor, and redox homeostasis in CM of CAFs. Proteins such as transgelin,
decorin, and follistatin-related protein 1 (FSTL1) were present in abundance in the fibrob-
last secretome [39]. WNT2 was found to be specifically elevated in CRC CAFs, and the
CRC-stromal-CAFs-derived WNT2 promoted angiogenesis by fostering pro-angiogenic
signals. Mass spectrometry and cytokine arrays-mediated secretome profiling of CAFs
revealed an elevation in proteins associated with pro-angiogenic functions, including IL-6,
G-CSF, PGF, and ANG-2 [40]. Tenascin C, stromal-derived factor-1, and fibronectin ED-A
domain have also been identified by differential secretome analysis in colon cancer [41].

3.2. Breast Cancer

Worldwide, breast cancer represents the most commonly occurring cancer in women,
with a 70–80% cure rate in early-stage, non-metastatic patients. It is a heterogeneous dis-
ease [42]. Stromal CAFs present in breast cancer also display great heterogeneity. It has
been observed that CAFs alter drug responses in breast cancer tumor cells, hence investi-
gating the molecular mechanisms involved will likely help in identifying novel targets for
improving therapeutic efficacy [43]. Commonly, breast cancer occurs in mammary ductal
cells which produce nipple aspirate fluid (NAF). It was found through NAF secretome
analysis in these cancer patients, that it was rich in proteins present in a tumor microenvi-
ronment. Using a paired-proteomic shotgun method for analysis of NAF from both breasts
revealed an abundance glycolysis/Warburg effect-associated protein. Proteins involved
in generating an activated stroma via immune system activation were also found to be
significantly enriched. An abundance of proteins involved in promoting a proliferative
microenvironment, such as the insulin-like growth factor, was also observed [44].

CAF-rich tumor stroma is associated with therapy resistance and inferior prognosis
in breast cancer. Hence, it is of great interest to identify stroma-specific novel biomark-
ers. Experiments have been conducted on conditioned media mimicking tumor stroma
interactions for this purpose. Constituents of CAF-conditioned medium were investigated
to identify factors that may promote drug resistance in breast cancer cells. Secretome
analysis of CAFs-CM exposed to HER2-positive metastatic breast cancer was performed.
It was observed that factors from CAF-CM displayed the ability to promote resistance to
first-line therapy, trastuzumab with pertuzumab and docetaxel. It was found that CAFs
promoted a resistant phenotype in cancer cells via inducing EMT. It was observed that
expression of mesenchymal markers, fibronectin and snail, were upregulated in breast
cancer cells exposed to CAF-conditioned media [45]. Comparing the secretome of normal
mammary cells and CAFs revealed an abundance of chloride intracellular channel protein
3 (CLIC3). It was seen that secreted CLIC3 supported invasive behavior of endothelial cells
to drive increased angiogenesis and invasiveness of cancer cells. CLIC3 was also found to
be abundantly present in both tumor and stromal regions of aggressive ovarian cancers
that correlated with poor clinical outcomes [46].

3.3. Penile Carcinomas (PeCa)

Penile cancer comes under a rare type of genitourinary malignancy which is associated
with poor disease outcome and limited therapeutic options. It is of high importance to un-
derstand the molecular interactions within the complex TME of penile tumors. Molecular
profiling and characterization of deregulated genes and pathways will help in under-
standing the tumor/tumor microenvironment landscape and will develop novel treatment
strategies [47]. Secretome analysis in PeCa revealed inflammation and extensive extra-
cellular matrix remodeling. To understand the cellular complexity of stroma in PeCa,
the secretory profile was investigated. Primarily upregulated secretory factors included
collagens and MMPs. Clinical correlation studies revealed an association between higher
proportion of CAFs and lower survival of patients. Patients with tumors showing greater
CAF involvement showed a reduced proportion of immune cells, suggesting a possible
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crosstalk between CAFs and immune cells. Interestingly, patients with high CAF scores
had elevated expression of MMPs and displayed an overall poor survival rate. An in vitro
exposure of PeCa-derived CAFs with the MMP inhibitor GM6001 decreased cell viability
significantly in penile CAFs compared to normal fibroblasts. This suggests that the use of
MMP inhibitor GM6001 is of therapeutic relevance in CAFs-populated PeCa [48].

3.4. Head and Neck Squamous Cell Carcinomas (HNSCC)

Head and neck squamous cell carcinomas are an aggressive and heterogeneous type
of tumor affecting millions of patients worldwide. Despite significant advances in ther-
apeutics over the last several years, the 5-year survival rate has not improved beyond
50%. The involvement of different cells and cell–cell interactions in the complex TME
has been implicated in tumor progression and therapy response [49]. Secretome analysis
in HNSCC revealed the role of secretory factors secreted by the CAFs but not NFs, in
promoting increased anchorage-independent growth, tumorsphere formation, and can-
cer stem cell marker expression, even in the absence of serum/supplements. The cy-
tokines/paracrine factors secreted differentially by the CAFs and NFs were identified as
modulators of epidermal growth factor receptor (EGFR), platelet-derived growth factor
receptor (PDGFR), and insulin-like growth factor receptor (IGFR) activity. Inhibiting EGFR,
IGFR, and PDGFR via pharmacologic targeting led to a significantly reduced CAF-induced
anchorage-independent growth and tumorsphere formation, suggesting a crucial role
of receptor tyrosine kinases including EGFR, PDGFR, and IGFR in supporting the CSC
phenotype [50].

3.5. HepatoCellular Carcinoma (HCC)

CAFs play critical role in the TME of HCC. CAF-derived factors such as cardiotrophin-
like cytokine factor 1 (CLCF1) increased expression of TGF-β and chemokine ligand
6 (CXCL6) secretion from tumor cells. The increased expression further stimulated stem-
ness related features in the tumor cell in an autocrine fashion and increased infiltration of
tumor-associated neutrophils (TANs) in a paracrine manner. The CLCF1-CXCL6/TGF-β
axis plays a significant role in this cytokine-mediated cellular crosstalk that regulates CAFs,
HCC progression, and patient prognosis [51]. Investigating a CAF-based risk signature
is effective in predicting HCC prognosis [52]. In HCC-CAF, signature characterization
revealed correlation with poor clinicopathologic features, along with liver cirrhosis, promi-
nent EMT-associated markers, and overall poor survival. Co-culture with HCC CAFs
induced EMT in HCC cells. A secretomic analysis revealed IL-6 and HGF as the main EMT-
stimulating cytokines secreted by the HCC-CAFs [53]. Secretome analysis of the conditional
medium (CM) of cultured CAFs derived from HCC specimens indicated deregulations
in TGFβ-regulated secreted proteins, including semaphorin 7A (SEM7A), complement
C1q tumor necrosis factor-related protein 3 (C1QT3), protocadherin gamma subfamily
(PCDGK), glycoprotein nmb (GPNMB), and myoferlin (MYOF) [54].

3.6. Gastric Cancer (GC)

Colonization of Helicobacter pylori (Hp) initiates the chain of pathologic events in
the gastric mucosa, including local inflammation, followed by gastric ulceration, and
development of adenocarcinoma. Infection may also directly and indirectly affect the
secretome of the tumor and CAFs. In vitro studies have been carried out to advance
understanding regarding the interactions between gastric cells and Hp. Exposing gastric
fibroblasts to Hp infection (cagA+vacA+) and studying their impact on normal epithelial
cells revealed that conditioned media from Hp-activated gastric fibroblasts instigated EMT-
like phenotypic transition and transmigration potential of normal epithelial cells. Gastric
fibroblasts are one of the key targets of Hp infection and they communicate via paracrine
interactions with epithelial cells and Hp. Hp-activated gastric fibroblasts differentiate
toward a CAF-like phenotype, encouraging the EMT-related phenotypic changes in normal
gastric epithelial cells [55]. Further, an altered NFκB and STAT3 signaling, along with
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Snail1, may help in defining a secretome that drives the fibroblast transition. This transition
promotes a milieu that may fulfill one of the prerequisites for GC development [56]. Further,
in GC, chemoresistance has been corelated with Hp infections. Exposing normal gastric
epithelial cells to an Hp-activated gastric fibroblast secretome induced EMT and enhanced
cell motility, invasiveness, and cytoskeletal plasticity. Together, it can be suggested that Hp-
infected fibroblasts’ secretome stimulates reprogramming and re-organization of gastric
niches that provides cues for GC progression [57]. It was revealed by secretome and
transcriptome analysis in GC that predominantly expressed secretory protein IL-6 was
CAF-specific and clinical data suggested that IL-6 was linked with a poor response to
chemotherapy, suggesting a possible role in chemoresistance [58]. Hypoxic CAFs in GC
promote tumor progression. Conditioned media from hypoxic CAFs promoted GC cell
migration in a HIF-1α-independent manner via reducing expression of COL4A2, a protein
involved in inhibiting angiogenesis and tumor growth [59].

3.7. Pancreatic Ductal Adenocarcinoma (PDAC)

PDAC counts among one of the most stroma–rich cancers [60,61]. A secretome analysis
of conditioned media from a PDAC patient-derived primary CAF culture revealed a
controlled stromal activity, including inflammatory responses after SOM230 (a sst1 agonist)
treatment. Sst1 is a G-protein-coupled somatostatin receptor expressed by PDAC-CAFs.
SOM230 treatment led to a significant reduction in metastasis in PDAC-harboring mice. It
also diminished colony-stimulating factor 1 (CSF-1) levels in tumor and plasma. Stromal
CSF-1 levels are associated with the aggressive phenotype in PDAC patients [62]. In
PDAC, CAF targeting with a novel somatostatin analog, SOM230 (Pasireotide), checks the
chemoprotective nature of the CAF secretome via inhibiting protein synthesis in CAFs. It
was observed in primary cultures of CAF derived from human PDAC resections that the
CAF secretome was able to stimulate survival, invasive, and migration features of cancer
cells. Similarly, the CAF secretome stimulated epithelial-to-mesenchymal transition in
cancer cells. All these features were abolished after SOM230 treatment in CAFs, highlighting
a therapeutic potential of pharmacological targeting of stromal CAFs via SOM230 in
PDAC [63].

3.8. Oral Squamous Cell Carcinoma (OSCC)

CAFs are known to play a very significant role in OSCC tumorigenesis. OSCC is one
of the commonest types of oral cavity tumors [64]. Secretome analysis of OSCC-derived
CAFs revealed a significant upregulation of proteins associated with extracellular matrix
organization/disassembly and collagen metabolism, including the fibronectin type III
domain-containing 1 (FNDC1), stanniocalcin 2 (STC2), and serpin peptidase inhibitor type
1 (SERPINE1), compared to normal oral fibroblasts (NOF). This upregulation in FNDC1,
SERPINE1, and STC2, levels was directly associated with TGF-β1-mediated NOFs to CAFs
conversion. Type I collagen, a major constituent of connective tissue, was also associated
with several upregulated biological processes. Type I collagen protein was found to be
significantly associated with shorter survival in OSCC patients [65]. Additionally, secretion
of ROS by CAFs promotes aggressiveness of tumors in thyroid cancer and the secretome of
CAFs reveals diverse soluble factors synthesized and secreted by CAFs that foster tumor
progression within the TME [66,67].

3.9. Oral Tongue Squamous Cell Carcinoma (OTSCC)

Like in many other cancers, in OTSCC, a bidirectional crosstalk between CAFs and
cancer cells helps in fostering a niche facilitated by secreted factors and various extracel-
lular vesicles. To fully understand this process, patient tumor resected CAFs, isolated
and characterized with matched adjacent normal fibroblasts, were used for proteomics
analysis. Protein microfibril associated protein 5 (MFAP5) of extracellular microfibrils was
found to be enriched in CAF secretomes. Clinical data revealed an association between
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MFAP5 expression and patient survival, pointing to a role of MFAP5 protein in OTSCC
progression [68].

3.10. Melanoma

CAFs generated using conditioned media from primary and metastatic melanoma
cells displayed elevated motility. CAFs’ secretome analysis revealed enhanced secretion
of lactate, upregulated expression of MMPs mediators, several cytokines, including IL6,
IL8, CXCL1, CCL2, ICAM1, and proteins associated with angiogenesis, such as VEGFA
and GM-CSF. Highly aggressive melanoma cells displayed more prominent effects on the
CAFs phenotype in terms of enhanced motility, expressed as an elevated migration and
invasion ratio, as well as higher area of digestion in MMP2 and MMP14 proteolytic activity
compared to less aggressive melanoma cells [69].

3.11. Ovarian Cancer

EVs are known for their role as information mediators between tumor and stromal
cells. In ovarian cancer, it was observed that EVs released from human ovarian cancer
cells were able to activate normal fibroblasts. EVs derived from more aggressive and less
aggressive ovarian cancer cells exposed to fibroblasts led to NF activation. The secretome
of activated fibroblasts was able to modulate features including proliferation, motility, and
invasion of tumor, as well as fibroblasts, and endothelial cells. The findings support the
idea that cancer cells can modify fibroblast behavior by release of EVs [70].

3.12. Lung Cancer

CAFs are known to display great heterogeneity in lung cancer and their functional
classification is related to clinical response in patients with targeted therapies [71]. CAFs
are known to enhance the metastatic ability of lung cancer cells via IL-6/STAT3 signaling.
Mechanistically, it was observed that a conditioned medium derived from cultured CAFs
significantly enhanced the migration and invasion potential of lung cancer cells by secreting
IL-6, regulating EMT-associated markers such as E-cadherin and vimentin expression.
Further, the expression of metastasis-associated genes including MMP-2 and VEGF was
also found to be altered [72]. Exposure to CAF-conditioned media or co-culture with CAFs
induced drug sensitivity in lung cancer cells. Secretome analysis indicated a differential
expression of insulin-like growth factors (IGFs) and IGF-binding proteins (IGFBPs) in CAFs
and normal lung fibroblasts. Recombinant IGFBPs treatment led to drug sensitization in
gefitinib-resistant lung cancer cells [73].

4. Cellular and Environmental Factors Influencing CAFs Secretome

The secretome of CAFs represents the assortment of proteins secreted or shed by the
cell. The functional and clinical relevance of the secretome of cell populations, including
the cancer stem cell [74], adipocytes [75], and CAFs [76], have been investigated to develop
effective personalized cancer treatments. A comprehensive knowledge of cell specific
secretome features and their interactions with different cell populations in the TME will
assist in designing improved strategies, aiding a superior personalized approach for tumor
management and treatment of cancer [19]. Secretomes derived from CAFs can directly
and indirectly regulate tumor progression in multiple ways. One of the critical ways is via
crosstalk with immune cells such as cytotoxic T cells (CTLs), helper T cells (Th), tumor-
infiltrating lymphocytes (TILs), regulatory T cells (Tregs), myeloid-derived suppressor
cells (MDSCs), mast cells (MCs), monocyte-infiltrating cells (MICs), and natural killer
cells (NKs) [77]. In the breast cancer TME, it was observed that a CAF-derived secretome
including cytokines/chemokines [78,79] and growth factors [80], together with additional
secretory components, such as mRNAs, miRs, and other proteins, can directly impact cancer
progression via immune cell polarization, leading to a pro-tumoral, immunosuppressive
status. Like many other cancers, prostate cancer is also rich in stromal prostate CAFs,
which are crucial in promoting tumor progression via their immunosuppressive properties.
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It was demonstrated via secretome analysis that a novel polysaccharide, MPSSS derived
from Lentinus edodes, was able to inhibit the immunosuppressive nature of prostate CAFs,
however, the detailed mechanism via which the MPSSS-treated prostate CAFs secretome
influences prostate cancer progression needs to be investigated further [81].

The tumor microenvironment is highly complex with heterotypic interactions, hypoxia,
inflammation, and redox imbalance. The tumor secretome adds to this complexity [82].
The complexity of the TME allows the transformation of normal resident fibroblasts to
activated CAFs with elevated levels of reactive oxygen species (ROS). They are metabolically
distinct from normal fibroblasts and are master secretors of proteins with pro-tumorigenic
features. Hypoxia and angiogenesis are key features of a tumor that may influence the
CAFs secretome by modulating different cellular and environmental factors. In the TME,
blood vessels are found embedded in the complex tumor stroma. It is well known that
intra-tumoral hypoxia leads to formation of dysfunctional blood vessels, which provides
for tumor metastasis and poor efficacy of therapeutic treatments [83]. Data suggest that
hypoxic condition and CAFs interact in the TME. It was observed that expression and
secretion of different immunosuppressive factors including TGF-β, VEGF, programmed
death-ligand 1 (PD-L1), IL6, and IL10 were increased in hypoxia. It was also observed that
the secretome of hypoxic CAF exerts a more profound effect on cell-mediated cytotoxicity
compared to its normoxic counterpart.

Crosstalk between CAFs and hypoxia is a key determinant in the complex immuno-
suppressive TME [84]. Hypoxia induces distinct remodeling of the CAF proteome. It has
been observed in mammary CAFs that hypoxia induces molecular alterations to regulate
angiogenesis. It was found through CAF secretome analysis that hypoxic CAFs fostered
abnormalities in blood vessel formation by altering secretion of different proteins. One such
uncharacterized protein, NCBP2-AS2, was found to be a regulator of angiogenesis and was
renamed HIAR (hypoxia-induced angiogenesis regulator). HIAR was found to be present
in the most abundance in hypoxic CAFs. NCBP2-AS2 silencing reduced expression of pro-
angiogenic proteins VEGFA and STC1, whereas anti-angiogenic factor COL4A2 was found
to be increased after NCBP2-AS2 silencing. HIAR silencing in endothelial cells diminished
the pro-angiogenic and pro-migratory roles of hypoxic CAFs via reducing VEGF/VEGFR
downstream signaling. CAF-endothelial cell co-culture models indicate that hypoxic hu-
man mammary CAFs encouraged angiogenesis via increasing NCBP2-AS2. Exposing
endothelial cells to conditioned media from CAFs after silencing NCBP2-AS2 resulted in
significantly reduced sprouting compared to CM derived from control CAFs [85]. The
above finding indicates functional relevance of hypoxia in stimulating molecular alterations
in mammary CAFs.

5. Secretome Profiling and Challenges

Technological advancements made in recent years in the field of proteomic analysis
have greatly facilitated investigating the secretome in cancers. Broadly, two different ap-
proaches are used for secretome analysis. These approaches can be either proteomics-based
or can rely on genome-based computational prediction. Proteomic approaches are the
core strength of secretome analysis and help biomarker discovery in cancers. Largely, for
secretome studies, three different methods of proteomic technologies are used: gel-based,
MS-based methods (mass spectrometry, gel-free), or SELDI-TOF-MS (surface-enhanced
laser desorption/ionization time-of-flight mass spectrometry)-based [10]. All these pro-
cesses have their advantages and limitations. The reader is encouraged to read Xue et al. [10]
for a detailed explanation of all methods.

A comparative proteomic analysis is especially helpful in investigating differential
expression of secreted protein from normal fibroblasts and CAFs. Performing 2-D PAGE
(Two-dimensional gel electrophoresis) and MALDI-TOF (matrix-assisted laser desorp-
tion/ionization time-of-flight) mass spectrometry allows for identification of differentially
expressed spots. These spots (proteins) play essential roles in tumor development and pro-
gression. One such protein identified in the nasopharyngeal carcinoma CAF supernatant
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was galectin-1 [86]. Using ultrafiltration centrifugation for extracting secreted proteins
followed by secretomic analysis allows identification of different proteins that may play
a critical pro-tumorigenic role in cancer via regulation of different metabolic processes.
In recent years techniques such as hotgun proteomic label-free quantification are used
to investigate the changes in the proteome and secretome of cancer cells [87]. Further,
implementing an integrated meta-analysis of proteome and secretome data may accelerate
the process of potential biomarker identification for different cancers, including the stromal
CAF-rich cancer types. Performing meta-analysis on mass spectrometry-based secretome
data and combining with other clinically relevant data from publicly available databases,
including The Cancer Genome Atlas (TCGA), will help in determining the prognostic rele-
vance of significantly secreted proteins. It will help in an advanced prediction of survival
outcome in a cancer-specific manner [88].

An advanced multi-omics platform to identify the biomarkers capable of predicting
clinicopathological relevance and improving individualized prognosis based on the se-
cretomic profile is a step in the right direction. Secreto-transcriptomics is a multi-omics
technique to find breast cancer subtypes-specific candidate markers of prognostic signif-
icance in their oncogenically secreted states. This technique uses label-free quantitative
technology to identify proteins showing BC-subtype specific biomarkers. SeCEP, a subtype
specific secretion pattern, pinpointed key genes including CDH1, DDB1, CD44, HSPA5,
and HSP90B1 involved in an oncogenically active secretome. The SeCEP gene data allowed
identification of novel liquid biopsy biomarkers for prediction of advanced individualized
prognosis [89]. SILAC-based secretome analysis from pancreatic cancer revealed an alter-
ation in proteins such as cathepsin D, perlecan (HSPG2), fibronectin receptor (integrin β1),
CD9 antigen, and profilin 1 proteins [90].

The field of secretome analysis has gained traction in recent years because of vari-
ous advancements in proteomic technology. Establishing a clear and reliable method for
sample collection and preparation for secretome analysis is still challenging, however, the
major limitation with CAFs secretome analysis is the heterogeneity in the CAF population
itself. Multiple factors impacting the diversity, such as the origin of CAFs, activation state,
and response to stress, may encourage functional heterogeneity [91]. Further, because of
their ability to differentially affect secretion of immunomodulatory cytokines, chemokines,
and other soluble factors, CAFs support recruitment of immune cells in the tumor mi-
croenvironment. All these factors further add to the heterogeneity and differentiation
process [92].

The sample preparation for secretome analysis is especially challenging. To investigate
the cancer secretome, biological fluids in the tumor proximity or the interstitial fluid in the
tumor region should be studied to estimate the proteins present. Using conditioned media
samples derived from cancer cell lines is more commonly used for discoveries related
to the cancer secretome. However, it has been found that conditioned media derived
from in vitro cultured cells is significantly less complex compared to their biological fluid
counterparts [93]. Further, using conditioned media has more challenges, e.g., serum
proteins present in the culture media can mask the exact estimation of secreted proteins
present in the CM. Cell lysis during the culture processing also influences constituents of
the conditioned media. Additionally, the secreted proteins are often present in very low
quantities in the culture media, making precise quantitation difficult [13].

6. Conclusions

Investigating a CAFs-derived secretome offers advantages to establish a CAF-specific
profile. Further, studying the CAFs secretome will help in identification of clinically relevant
biomarkers for CAF-dense cancer types. Investigating a conditioned medium from cancer
cells and CAFs allows the identification of the assortment of secreted proteins promoting
cancer proliferation and metastasis. Some of these proteins may also be useful in designing
serum-based tests for early and non-invasive detection of cancer. Secretome profiling and
analysis will speed up the process of diagnosis, prognosis, and monitoring of cancer [93].
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Studies based on secretome profiling and analysis will support an efficient and per-
sonalized cancer care by adding parameters to address tumor recurrence, chemoresistance,
and overall disease prognosis. However, certain limitations regarding the standardization
process for the formulation of cell-conditioned media, characterization of biologically active
molecules in the conditioned media, and the mode of action need to be overcome. Taken
together, a deeper understanding of underlying factors that may introduce variability in
the composition of the CAF-derived secretome needs to be investigated further.

Through this review, we have focused on the broad contribution of the CAFs secretome
towards inducing a pro-tumorigenic, immunomodulatory environment capable of restoring
aberrant cancer cell growth and progression. Direct application of the CAFs secretome in
the cancer therapeutic arena holds great promise but still has a long way to go. Nonetheless,
having an advanced knowledge of the CAFs secretome will help in better management of
stromal CAFs-rich cancers. Using this information for designing a combination therapy is
of high clinical interest and relevance in the future.
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Nowak, D. Melanoma cells with diverse invasive potential differentially induce the activation of normal human fibroblasts. Cell
Commun. Signal. 2022, 20, 63. [CrossRef]

70. Giusti, I.; Di Francesco, M.; D’Ascenzo, S.; Palmerini, M.G.; Macchiarelli, G.; Carta, G.; Dolo, V. Ovarian cancer-derived
extracellular vesicles affect normal human fibroblast behavior. Cancer Biol. Ther. 2018, 19, 722–734. [CrossRef] [PubMed]

71. Hu, H.; Piotrowska, Z.; Hare, P.J.; Chen, H.; Mulvey, H.E.; Mayfield, A.; Noeen, S.; Kattermann, K.; Greenberg, M.;
Williams, A.; et al. Three subtypes of lung cancer fibroblasts define distinct therapeutic paradigms. Cancer Cell 2021, 39,
1531–1547.e10. [CrossRef]

72. Wang, L.; Cao, L.; Wang, H.; Liu, B.; Zhang, Q.; Meng, Z.; Wu, X.; Zhou, Q.; Xu, K. Cancer-associated fibroblasts enhance
metastatic potential of lung cancer cells through IL-6/STAT3 signaling pathway. Oncotarget 2017, 8, 76116. [CrossRef] [PubMed]

http://doi.org/10.3389/fimmu.2022.1009789
http://www.ncbi.nlm.nih.gov/pubmed/36211448
http://doi.org/10.7150/ijbs.45446
http://www.ncbi.nlm.nih.gov/pubmed/32792856
http://doi.org/10.3390/ijms222111765
http://www.ncbi.nlm.nih.gov/pubmed/34769191
http://doi.org/10.26402/jpp.2019.5.08
http://doi.org/10.1111/hel.12653
http://www.ncbi.nlm.nih.gov/pubmed/31411795
http://www.ncbi.nlm.nih.gov/pubmed/35411238
http://doi.org/10.1186/s12943-019-0972-8
http://doi.org/10.1007/s00432-022-04361-y
http://www.ncbi.nlm.nih.gov/pubmed/36125535
http://doi.org/10.1177/1756283X13478680
http://www.ncbi.nlm.nih.gov/pubmed/23814611
http://doi.org/10.1136/gutjnl-2018-317706
http://doi.org/10.1016/j.jcmgh.2021.01.008
http://doi.org/10.18632/oncotarget.9296
http://www.ncbi.nlm.nih.gov/pubmed/27177087
http://doi.org/10.1007/s11033-020-06054-6
http://www.ncbi.nlm.nih.gov/pubmed/33492572
http://doi.org/10.1007/s13277-015-4629-y
http://www.ncbi.nlm.nih.gov/pubmed/26762409
http://doi.org/10.1038/s41598-019-44361-6
http://www.ncbi.nlm.nih.gov/pubmed/31142771
http://doi.org/10.3803/EnM.2020.401
http://doi.org/10.1021/acs.jproteome.7b00925
http://doi.org/10.1186/s12964-022-00871-x
http://doi.org/10.1080/15384047.2018.1451286
http://www.ncbi.nlm.nih.gov/pubmed/29580188
http://doi.org/10.1016/j.ccell.2021.09.003
http://doi.org/10.18632/oncotarget.18814
http://www.ncbi.nlm.nih.gov/pubmed/29100297


Cells 2023, 12, 628 17 of 17

73. Remsing Rix, L.L.; Sumi, N.J.; Hu, Q.; Desai, B.; Bryant, A.T.; Li, X.; Welsh, E.A.; Fang, B.; Kinose, F.; Kuenzi, B.M.; et al.
IGF-binding proteins secreted by cancer-associated fibroblasts induce context-dependent drug sensitization of lung cancer cells.
Sci. Signal. 2022, 15, eabj5879. [CrossRef] [PubMed]

74. López de Andrés, J.; Griñán-Lisón, C.; Jiménez, G.; Marchal, J.A. Cancer stem cell secretome in the tumor microenvironment:
A key point for an effective personalized cancer treatment. J. Hematol. Oncol. 2020, 13, 136. [CrossRef]

75. Zhou, X.; Zhang, J.; Lv, W.; Zhao, C.; Xia, Y.; Wu, Y.; Zhang, Q. The pleiotropic roles of adipocyte secretome in remodeling breast
cancer. Exp. Clin. Cancer Res. 2022, 41, 203. [CrossRef]

76. Linares, J.; Marín-Jiménez, J.A.; Badia-Ramentol, J.; Calon, A. Determinants and Functions of CAFs Secretome During Cancer
Progression and Therapy. Front. Cell Dev. Biol. 2021, 8, 621070. [CrossRef]

77. Soongsathitanon, J.; Jamjuntra, P.; Sumransub, N.; Yangngam, S.; De la Fuente, M.; Landskron, G.; Thuwajit, P.; Hermoso, M.A.;
Thuwajit, C. Crosstalk between Tumor-Infiltrating Immune Cells and Cancer-Associated Fibroblasts in Tumor Growth and
Immunosuppression of Breast Cancer. Immunol. Res. 2021, 2021, 8840066. [CrossRef] [PubMed]

78. Boesch, M.; Onder, L.; Cheng, H.W.; Novkovic, M.; Mörbe, U.; Sopper, S.; Gastl, G.; Jochum, W.; Ruhstaller, T.; Knauer, M.; et al.
Interleukin 7-expressing fibroblasts promote breast cancer growth through sustenance of tumor cell stemness. Oncoimmunology
2018, 7, e1414129. [CrossRef]

79. Liubomirski, Y.; Lerrer, S.; Meshel, T.; Rubinstein-Achiasaf, L.; Morein, D.; Wiemann, S.; Körner, C.; Ben-Baruch, A. Tumor-
Stroma-Inflammation Networks Promote Pro-metastatic Chemokines and Aggressiveness Characteristics in Triple-Negative
Breast Cancer. Front. Immunol. 2019, 10, 757. [CrossRef]

80. Kikuchi, K.; McNamara, K.M.; Miki, Y.; Moon, J.Y.; Choi, M.H.; Omata, F.; Sakurai, M.; Onodera, Y.; Rai, Y.; Ohi, Y.; et al. Effects
of cytokines derived from cancer-associated fibroblasts on androgen synthetic enzymes in estrogen receptor-negative breast
carcinoma. Breast Cancer Res. Treat. 2017, 166, 709–723. [CrossRef]

81. Zhang, T.; Chen, X.; Sun, L.; Guo, X.; Cai, T.; Wang, J.; Zeng, Y.; Ma, J.; Ding, X.; Xie, Z.; et al. Proteomics reveals the function
reverse of MPSSS-treated prostate cancer-associated fibroblasts to suppress PC-3 cell viability via the FoxO pathway. Cancer Med.
2021, 10, 2509–2522. [CrossRef] [PubMed]

82. Patel, S.; Ngounou Wetie, A.G.; Darie, C.C.; Clarkson, B.D. Cancer secretomes and their place in supplementing other hallmarks
of cancer. Adv. Exp. Med. Biol. 2014, 806, 409–442. [CrossRef] [PubMed]

83. Muz, B.; de la Puente, P.; Azab, F.; Azab, A.K. The role of hypoxia in cancer progression, angiogenesis, metastasis, and resistance
to therapy. Hypoxia 2015, 3, 83–92. [CrossRef]

84. Ziani, L.; Buart, S.; Chouaib, S.; Thiery, J. Hypoxia increases melanoma-associated fibroblasts immunosuppressive potential and
inhibitory effect on T cell-mediated cytotoxicity. Oncoimmunology 2021, 10, 1950953. [CrossRef]

85. Kugeratski, F.G.; Atkinson, S.J.; Neilson, L.J.; Lilla, S.; Knight, J.R.P.; Serneels, J.; Juin, A.; Ismail, S.; Bryant, D.M.;
Markert, E.K.; et al. Hypoxic cancer-associated fibroblasts increase NCBP2-AS2/HIAR to promote endothelial sprouting
through enhanced VEGF signaling. Sci. Signal. 2019, 12, eaan8247. [CrossRef] [PubMed]

86. Ge, S.; Mao, Y.; Yi, Y.; Xie, D.; Chen, Z.; Xiao, Z. Comparative proteomic analysis of secreted proteins from nasopharyngeal
carcinoma-associated stromal fibroblasts and normal fibroblasts. Exp. Ther. Med. 2012, 3, 857–860. [CrossRef]

87. Li, X.; Liu, H.; Dun, M.D.; Faulkner, S.; Liu, X.; Jiang, C.C.; Hondermarck, H. Proteome and secretome analysis of pancreatic
cancer cells. Proteomics 2022, 22, e2100320. [CrossRef]

88. de Oliveira, G.; Freire, P.P.; Cury, S.S.; de Moraes, D.; Oliveira, J.S.; Dal-Pai-Silva, M.; Reis, P.P.; Carvalho, R.F. An Integrated
Meta-Analysis of Secretome and Proteome Identify Potential Biomarkers of Pancreatic Ductal Adenocarcinoma. Cancers 2020,
12, 716. [CrossRef]

89. Ankney, J.A.; Xie, L.; Wrobel, J.A.; Wang, L.; Chen, X. Novel secretome-to-transcriptome integrated or secreto-transcriptomic
approach to reveal liquid biopsy biomarkers for predicting individualized prognosis of breast cancer patients. BMC Med. Genom.
2019, 12, 78. [CrossRef]

90. Grønborg, M.; Kristiansen, T.Z.; Iwahori, A.; Chang, R.; Reddy, R.; Sato, N.; Molina, H.; Jensen, O.N.; Hruban, R.H.;
Goggins, M.G.; et al. Biomarker discovery from pancreatic cancer secretome using a differential proteomic approach. Mol. Cell.
Proteom. 2006, 5, 157–171. [CrossRef]

91. Chen, P.Y.; Wei, W.F.; Wu, H.Z.; Fan, L.S.; Wang, W. Cancer-Associated Fibroblast Heterogeneity: A Factor That Cannot Be Ignored
in Immune Microenvironment Remodeling. Front. Immunol. 2021, 12, 671595. [CrossRef] [PubMed]

92. Mhaidly, R.; Mechta-Grigoriou, F. Fibroblast heterogeneity in tumor micro-environment: Role in immunosuppression and new
therapies. Semin. Immunol. 2020, 48, 101417. [CrossRef] [PubMed]

93. Ziegler, Y.S.; Moresco, J.J.; Yates JR 3rd Nardulli, A.M. Integration of Breast Cancer Secretomes with Clinical Data Elucidates
Potential Serum Markers for Disease Detection, Diagnosis, and Prognosis. PLoS ONE 2016, 11, e0158296. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1126/scisignal.abj5879
http://www.ncbi.nlm.nih.gov/pubmed/35973030
http://doi.org/10.1186/s13045-020-00966-3
http://doi.org/10.1186/s13046-022-02408-z
http://doi.org/10.3389/fcell.2020.621070
http://doi.org/10.1155/2021/8840066
http://www.ncbi.nlm.nih.gov/pubmed/34337083
http://doi.org/10.1080/2162402X.2017.1414129
http://doi.org/10.3389/fimmu.2019.00757
http://doi.org/10.1007/s10549-017-4464-5
http://doi.org/10.1002/cam4.3825
http://www.ncbi.nlm.nih.gov/pubmed/33704935
http://doi.org/10.1007/978-3-319-06068-2_20
http://www.ncbi.nlm.nih.gov/pubmed/24952195
http://doi.org/10.2147/HP.S93413
http://doi.org/10.1080/2162402X.2021.1950953
http://doi.org/10.1126/scisignal.aan8247
http://www.ncbi.nlm.nih.gov/pubmed/30723174
http://doi.org/10.3892/etm.2012.483
http://doi.org/10.1002/pmic.202100320
http://doi.org/10.3390/cancers12030716
http://doi.org/10.1186/s12920-019-0530-7
http://doi.org/10.1074/mcp.M500178-MCP200
http://doi.org/10.3389/fimmu.2021.671595
http://www.ncbi.nlm.nih.gov/pubmed/34305902
http://doi.org/10.1016/j.smim.2020.101417
http://www.ncbi.nlm.nih.gov/pubmed/33077325
http://doi.org/10.1371/journal.pone.0158296
http://www.ncbi.nlm.nih.gov/pubmed/27355404

	Introduction 
	Carcinoma-Associated Fibroblasts 
	CAF Secretome and Pharmacological Targeting 
	Colorectal Carcinomas (CRC) 
	Breast Cancer 
	Penile Carcinomas (PeCa) 
	Head and Neck Squamous Cell Carcinomas (HNSCC) 
	HepatoCellular Carcinoma (HCC) 
	Gastric Cancer (GC) 
	Pancreatic Ductal Adenocarcinoma (PDAC) 
	Oral Squamous Cell Carcinoma (OSCC) 
	Oral Tongue Squamous Cell Carcinoma (OTSCC) 
	Melanoma 
	Ovarian Cancer 
	Lung Cancer 

	Cellular and Environmental Factors Influencing CAFs Secretome 
	Secretome Profiling and Challenges 
	Conclusions 
	References

