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Simple Summary: Laryngeal squamous cell carcinomas (LSCC) are the third most common type of
head and neck cancer. Approximately 40% of LSCC cases present with locally advanced carcinomas
at diagnosis. The poor prognosis is mainly attributed to late diagnosis. Biomarkers capable of
predicting LSCC at early stages are needed. We identified and validated exosomal insulin-like growth
factor binding protein 7 (IGFBP7) and Annexin Al (ANXA1) as promising exosomal biomarkers for
LSCC detection.

Abstract: Background: The lack of screening methods for LSCC is a critical issue, as treatment options
and the treatment outcome greatly depend on the stage of LSCC at initial diagnosis. Therefore, the
objective of this study was to identify potential exosomal serum biomarkers that can diagnose LSCC
and distinguish between early- and late-stage disease. Methods: A multiplexed proteomic array was
used to identify differentially expressed proteins in exosomes isolated from the serum samples of
LSCC patients compared to the control group (septorhinoplasty, SRP). The most promising proteins
for diagnosis and differentiation were calculated using biostatistical methods and were validated by
immunohistochemistry (IHC), Western blots (WB), and ELISA. Results: Exosomal insulin-like growth
factor binding protein 7 (IGFBP7) and Annexin A1l (ANXA1) were the most promising exosomal
biomarkers for distinguishing between control and LSCC patients and also between different stages
of LSCC (fold change up to 15.9, p < 0.001 for all). Conclusion: The identified proteins represent
potentially novel non-invasive biomarkers. However, these results need to be validated in larger
cohorts with a long-term follow-up. Exosomal biomarkers show a superior signal-to-noise ratio
compared to whole serum and may therefore be an important tool for non-invasive biomarker
profiling for laryngeal carcinoma in the future.

Keywords: LSCC; exosomes; liquid-biopsy; biomarker; IGFBP7; ANXA1

1. Introduction

LSCC is the third most common type of head and neck cancer [1]. All areas of the
larynx (supraglottic, glottic, and subg]lottic) can be affected and lead to different symptoms.
These symptoms and their onset, as well as treatment and prognosis, vary depending on
the localization of the carcinoma [2,3]. Due to the nonspecific symptoms, especially of
non-glottic laryngeal cancer, carcinomas are often not diagnosed until they are already at
an advanced stage, resulting in delayed treatment [4]. Glottic carcinomas present relatively
early causing voice changes and hoarseness. These symptoms occur even with small
tumors. Hence, glottic carcinomas are usually diagnosed at an early stage. This results in a
good prognosis due to the associated low probability of metastasis [2,5]. Supraglottic and
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subglottic carcinomas are usually diagnosed at advanced disease stages, as tumors localized
in these subareas of the larynx tend to manifest symptoms with increasing local tumor
extent. Consequently, these tumors present more often with nodal involvement at the time
of diagnosis [2,6]. At the time of diagnosis, about 40% of supra- and subglottic lesions
are already locally advanced carcinomas [6,7]. Overall, the proportion of patients, e.g., in
Germany with T3 or T4 carcinoma and nodal involvement at initial diagnosis is 52-55% [8].
For the moment, chances of survival for patients with laryngeal cancer are closely related to
the stage of disease at initial diagnosis. While early-stage T1 and T2 tumors show cure rates
of up to 80% to 90%, the survival rate decreases to about 40% in patients with T3 and T4
carcinoma [9-11]. Preliminary and early stages of laryngeal carcinoma can be treated with
minimally invasive surgery, providing very good treatment success and minimal functional
restriction [12]. At present, surgical treatment of advanced carcinomas results in functional
restriction or total loss of the organ (total laryngectomy) since surgeries preserving the
structure and function of the larynx are rarely viable treatment options for advanced
LSCC [9]. However, early diagnosis of LSCC is difficult since the laryngeal mucosa is not
accessible for direct inspection and tissue changes cannot be directly detected either by the
patient or the physician. Endoscopic or mirror examinations (followed by biopsy) must
be performed in order to diagnose benign or malignant lesions. The use of serum as a
liquid biopsy would provide an easily accessible option for diagnostic procedures that are
accessible to almost any healthcare professional without the necessity of specialized training
in laryngoscopy or other otolaryngology expertise. This could significantly simplify the
detection of LSCC, allowing LSCC to be diagnosed more frequently at its early stages. This
may result in better treatment options for patients, as the treatment outcome, survival
rate, and quality of life after treatment are highly correlated with the stage at diagnosis.
Therefore, non-invasive biomarkers that can diagnose LSCC and distinguish between early
and late stages could significantly improve the diagnosis and treatment options and are
urgently needed.

Several potential biomarkers for LSCC have been described, including long non-
coding RNAs (IncRNAs), cell cycle regulators (Ki-67, cyclin D1, p27, p16, PCNA), apoptosis
regulators (Bcl-2), tumor suppressor genes (p53), epidermal growth factor receptor (EGFR),
and angiogenic, structural, and immunological markers (VEGF; E-cadherin, CD44; PD-L1).
To date, however, there are no predictive biomarkers for the early detection or progression
of LSCC [13]. Targeting EGFR has had an impact on LSCC and HNSCC therapy, but
nevertheless, its usefulness for survival in advanced tumors remains limited [14]. No other
biomarkers have influenced the management of HNSCC and LSCC [15]. Considerable
efforts have been made to identify secreted biomarkers for different cancer types in serum
or plasma, but with limited success. The enormous complexity of the samples and the
large sample range make the detection of biomarkers in such body fluids considerably
more difficult [16]. The potential biomarkers identified so far may lack clinical significance
due to insufficient signal-to-noise ratios. The use of exosomes for detecting potential new
biomarkers may offer an effective solution to this shortcoming.

Exosomes are small vesicles, measuring between 30 and 150 nm, that are secreted
by virtually all cell types [17,18]. They contain a variety of proteins, lipids, DNA, mRNA,
and microRNA that are representative of the cell from which they originate [19,20]. As
exosomes represent the pathophysiologic state of their cell of origin, by containing infor-
mation in the form of biomolecules, and being secreted into the bloodstream, they are a
promising substrate for non-invasive liquid biopsy and early tumor detection [21]. Certain
proteins associated with tumoral cell pathophysiology may be present in exosomes at an
accumulated level. This accumulation of proteins may enable their detection as novel
biomarkers [19,20,22]. Furthermore, malignant cells and cancer progression have been
associated with increased exosome production and secretion [22]. Therefore, exosomes
show promise as an analytical substrate to screen potential biomarkers for tumor detec-
tion and monitoring. However, isolation is time consuming and may not be available
everywhere. We hypothesize that certain proteins associated with tumor development and
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progression might be present in exosomes in accumulated amounts and may be used for
early diagnosis. Thus, the objectives of this study were (1) to identify novel non-invasive
exosomal serum biomarkers for LSCC using a highly multiplexed approach; (2) to validate
the most promising differentially expressed biomarkers in exosomes and whole serum; and
(3) to analyze the potential of these biomarkers for the early detection of LSCC.

2. Methods and Materials
2.1. Patients

This study was a prospective observational study approved by the institutional review
board of the Friedrich-Alexander-University of Erlangen-Nirnberg (No.: 20-451-B on
25 March 2021). All patients provided written informed consent prior to participating.
Demographic data were collected prospectively from these patients.

Two different cohorts of LSCC were included in this study. The identification cohort
(array analysis) consisted of n = 15 patients with an initial diagnosis of LSCC who had
undergone panendoscopy for tumor staging and n = 7 control patients undergoing SRP.
Corresponding clinical and pathologic data were retrieved for analysis. Patients receiving
preoperative anticancer therapies and those with other concurrent or prior malignancies
were excluded. Patients younger than 18 years were also excluded from this study. For
cohorts A and B, the control group consisted of patients undergoing SRP for the treatment
of an acquired nasal deformity. Patients who had undergone surgery to correct functional
pathologies such as the treatment of nasal obstruction, OSAS, or inflammatory changes
were excluded, as were SRP revisions, in order to provide a control group of healthy
individuals. Patients in the same age group as the tumor patients were selected for the
control group. The validation cohort (WB, ELISA) consisted of a total of n =75 LSCC and
n = 54 control patients (SRP). The samples of cohort A were also included in cohort B.

2.2. Three-Step Study Design

The study design included a three-step process to identify biomarkers and to validate
them in a separate patient cohort. First, a multiplexed proteomic array (n = 2000 proteins) on
exosomes isolated from serum was performed on the identification cohort. Second, ELISAs
of exosomes isolated from serum and ELISAs of whole serum samples were conducted
for IGFBP7 and ANXAL1. These validations were performed in exosomes and serum in
order to optimize the signal-to-noise ratio (exosomes) and point-of-care use (whole serum).
Third, IGFBP7 and ANXA1 were analyzed in tissue. IHC was performed on paraffin-
embedded tissue sections from the patients whose serum samples were used for array
analysis to confirm the presence and localization of the proteins of interest in tumoral tissue.
Additionally, WBs were run on tissue lysates from a subgroup of the validation cohort,
consisting of LSCC (n = 8) and control (SRP; n = 6) patients.

2.2.1. Serum Collection

Serum samples were taken the day before surgery. After the collection of whole blood,
the tubes were kept at room temperature for 30 min, followed by centrifugation at 3000x g
for 10 min. The resulting supernatant was collected and aliquoted to be stored at —80 °C
until further examination.

2.2.2. Serum Pool Groups

Before exosome isolation, the serum samples of cohort A were categorized into five
serum pool groups: four samples from patients with TINO LSCC, two from patients with
T2NO LSCC, three from patients with T4 (NO) LSCC, and six from patients with T4 (N+)
LSCC. The control group consisted of seven samples from patients undergoing SRP. Each
pool consisted of 300 pL serum. The respective patients were selected to ensure that there
were no significant differences in terms of age, gender, or comorbidities. In addition,
pooling matched patients allows for equalizing individual differences.
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2.2.3. Exosome Purification from Serum

Exosomes were isolated from serum samples of the validation cohort. The exosome
purification procedure was performed using an Exo-spin blood kit, following the protocol
for serum samples (Protocol Version 7.0). The Exo-spin technology combines two standard
methods: precipitation followed by size-exclusion chromatography (SEC). Purification via
SEC can separate large portions of non-exosomal proteins, resulting in a clean exosome
fraction (Rider et al., 2016; Zhang et al., 2020) [23,24].

Three hundred (300) uL of each serum pool was used for purification. After centrifu-
gation at 300 x g for 10 min, the supernatant was centrifuged at 16,000 x g for 30 min. The
supernatant was then diluted 2:1 with Exo-spin buffer. The diluted sample was incubated
at room temperature for 15 min and mixed by inversion of the tube. Centrifugation was
performed at 10,000 g for 60 min. The supernatant was discarded, and the remaining
pellet was resuspended with 100 uL PBS (Exo-spin kit). Exo-spin size-exclusion chromatog-
raphy (SEC) columns were equilibrated at room temperature for 15 min prior to use. The
preservation buffer was removed, and each column was reconstituted with 250 uL of PBS.
One hundred (100) pL of resuspended exosomes were applied to each Exo-spin column.
The flow-through was discarded. Two hundred (200) pL of PBS pHS8 was added to elute
the exosomes. The columns were then centrifugated at 50x g for 60 s. Exosome lysates
were prepared by adding NP40, EDTA, and NaCl to a final concentration of 0.5% NP40,
1 mM EDTA, and 250 mM NaCl. The total protein content was quantified using a micro
bicinchoninic acid (BCA) protein assay kit (Thermo Fisher Scientific, Bonn, Germany). For
the proteomic array, 400 pg of protein was used per pool sample.

2.2.4. Multiplexed Proteomic Array of Serum Pool Exosomes

Proteomic analysis was performed using the RayBio L-Series Human Antibody Array
2000 Glass Slide Kit (AAH-BLG-2000-8, Raybiotech, Peachtree Corners, GA, USA) according
to the manufacturer’s recommended protocol. Purified exosome samples containing 400 ug
of total protein were used in the incubation step. The data analysis by fluorescence was
provided by Raybiotech. Median normalization of the data was performed using the
analysis tool provided by Raybiotech. Known exosome markers that were also analyzed
with the antibody array were used as references for further normalization, via geNorm.
These exosome markers were Annexin V, MRP 1/CD9, HSP70, EpCAM, and ICAM-1/CD54.
Background signals were reduced by subtracting the lowest negative value per subarray
from all other values of the same subarray. The fold change (FC) of the mean values and
median values were calculated.

The proteins selected for further validation were chosen based on FC, physiological
function, and previous association with LSCC and/or HNC in the literature. A table of the
complete array analysis is included in the supplementary data (Supplementary Data S1).

2.2.5. Validation of Selected Proteomic Results by
Enzyme-Linked-Immunosorbent-Assay (ELISA)

ELISAs were performed on exosomes and whole serum for IGFBP7 and ANXA1. For
whole serum analysis, #n = 75 LSCC and n = 54 controls (cohort B) were tested individually.
ELISAs were performed according to the manufacturer’s protocols. For IGFBP7, the serum
was diluted 1:2-1:4 and exosome lysates were diluted 1:4 with Reagent Diluent. The Human
IGFBP7 DuoSet ELISA No. DY1334 (R&D Systems, Minneapolis, MN, USA) was used.
For Annexin Al, the serum was diluted 1:2 and exosome lysates were diluted 1:2 with
Sample Diluent. The Human Annexin Al PicoKine ELISA No. EK1745 (Boster Biological
Technology, Pleasanton, CA, USA) was used. Standard curves were generated, and results
were calculated by normalizing the values on total protein concentration of the tissue and
exosome samples (BCA assay, Thermo Fisher Scientific, Bonn, Germany).
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2.2.6. Analysis of IGFBP7 and ANXA1 in Tissue
Tissue Analysis by Immunohistochemistry (IHC)

To localize IGFBP7 and ANXA1 in LSCC tissue, IHC was performed on tissue sections
from cohort A. IHC on paraffin-embedded sections was performed using ZytoChem-Plus
AP Polymer Kit (Zytomed Systems GmbH, Berlin, Germany). To make the epitopes avail-
able for antibody binding, the sections underwent deparaffinization and heat-mediated
antigen retrieval by either phosphate citrate buffer or Tris-EDTA buffer at 95 °C for 20
min. The additional reduction of background staining was achieved by BLOXALL™ En-
dogenous Peroxidase and Alkaline Phosphatase Blocking Solution (Vector Laboratories,
Inc., Newark, NJ, USA) for 10 min before the protein block with blocking solution (in-
cluded in the kit). The antibodies listed in Table 1 were incubated overnight at 4 °C. A
nonspecific antibody (Cell Signaling Technology, Inc., Danvers, MA, USA) served as a
negative control. Afterwards, the ZytoChem-Plus AP reagent was applied. Antigens were
stained with SIGMAFAST™ Fast Red TR/Naphthol AS-MX tablets. Counterstaining was
performed with Harris” hematoxylin solution (ORSAtec GmbH, Bobingen, Germany). The
sections were covered with Aquatex (Merck, Darmstadt, Germany). Tissue sections were
photographed using a BZ-X810 microscope with BZ-X800 viewer and analyzer software
(Keyence, Germany, Neu-Isenburg). Images were taken at 20x and 40x magnification.
Scale bars were included. Contrast and brightness were adjusted.

Table 1. Primary antibodies used for WBs and THC.

Method Target Host Class Immunogen Clone Manufacturer
IGFBP7 aa Santa Cruz,
IHC, western blot IGFBP7 mouse monoclonal 181-282 H-3 Heidelberg, Germany
. . Proteintech, Planegg,
IHC IGFBP7 rabbit polyclonal peptide - Germany
IHC, western blot Annexin Al rabbit polyclonal recqmbmant - Proteintech, Planegg,
protein aa 1-346 Germany
IHC Annexin Al mouse monoclonal reC(?mblnant 1E1B7 Proteintech, Planegg,
protein aa 1-346 Germany
Western blot GAPDH mouse monoclonal recc')mbmant 1E6D9 Proteintech, Planegg,
protein aa 1-335 Germany

Abbreviations: IHC, immunohistochemistry; WB, Western blot; aa, amino acids.

Tissue Protein Extraction

Tissue proteins were extracted from samples using T-PER Tissue Protein Extraction
Reagent (Thermo Fisher Scientific, Bonn, Germany). Thirty (30) mg of tumor or control
tissue was transferred to a 500 pL solution of TPER and protease inhibitor cocktail (Carl
Roth, Karlsruhe, Germany). Homogenization of the samples was achieved using Ultra
Turrax Homogenizer (IKA®-Werke GmbH & CO. KG, Staufen, Germany). The resulting
samples were rotated at 4 °C for 2 h during incubation. The supernatant was collected
after centrifugation at 10,000x g for 30 min at 4 °C, and the total protein amount was
quantified using a bicinchoninic acid (BCA) protein assay kit (Thermo Fisher Scientific,
Bonn, Germany).

Validation via Western Blots (WB)

To validate the results of the array analysis, WBs were performed on tissue lysates
from 14 patients of the validation cohort. The tumor samples consisted of T1, T2, T3, and
T4 tumors (n = 2 each). A total of n = 8 LSCC and n = 6 control tissue lysate samples were
analyzed. GAPDH was used as reference protein for normalization. For each lane, 30 ug
of tissue lysate samples were used. After denaturation at 95 °C for 5 min with loading
buffer, samples were run on gradient 8% to 15% SDS-PAGE and transferred to nitrocel-
lulose membranes (ROTI®NC; Carl Roth, Karlsruhe, Germany). The primary detection
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antibodies listed in Table 1 were incubated overnight, followed by the secondary antibod-
ies, peroxidase-labeled anti-mouse/rabbit immunoglobulin G (IgG) antibody (Thermo
Fisher Scientific, Bonn, Germany). The blots were incubated with SuperSignal West Dura
Extended Duration Substrate or (Thermo Fisher Scientific, Bonn, Germany) and the signals
were imaged using ChemStudio PLUS (Analytik Jena, Jena, Germany). Band intensity was
quantified using VisionWorks version 8.2 (Analytik Jena, Jena, Germany). Results were
normalized to GAPDH.

2.3. Statistical Analysis

For the descriptive statistics, the analysis of the biomarker levels, and the creation of
graphics, GraphPad Prism Version 9.3.1 (GraphPad Software, La Jolla, CA, USA) was used.
To distinguish LSCC patients from healthy subjects, receiver operating characteristic curves
for IGFBP7 and ANXA1 were calculated using GraphPad Prism Version 9.3.1 (GraphPad
Software, La Jolla, CA, USA). For the analysis of the measured biomarker levels, all data
were first checked for a normal distribution using the Shapiro-Wilk test. All data were
nonparametric. Differences between the groups were determined using the Kruskal-Wallis-
test. p-values < 0.05 were considered as statistically significant.

3. Results
3.1. Demographics

Clinicopathological data for all patients enrolled in the study are presented in Table 2.
A total of n = 15 patients with LSCC and 7 = 7 controls (SRP) were included in the identifica-
tion cohort (cohort A). Tumors of different sizes (T1-T4) and nodal involvement (N0-N3b)
were included. A total of n =75 patients with LSCC and n = 54 controls (SRP) were included
in the validation cohort (cohort B). The samples of cohort A were also included in cohort B.

Table 2. Demographics for LSCC and control patients. Cohort A: n = 15 LSCC and n = 7 controls
(SRP) for proteome analysis; Cohort B: n = 75 LSCC and n = 54 controls (SRP) for validation by ELISA
and WBs; in some cases, not all data were available. Mean values and standard deviation were
calculated using Microsoft Excel (Version 2404, Redmond, WA, USA), p-values were determined
using GraphPad Prism (Version 9.3.1, La Jolla, CA, USA).

Characteristics in (%) LSCC Control p
Cohort A 15 7 -
Mean age in years (+SD) 63.4 (+9.8) 55.4 (£7.1) ns (p = 0.069)
Gender

Male 13/15 (86.7) 5/7 (71.4) ns (p = 0.388)
Female 2/15(13.3) 2/7 (28.6) ns (p = 0.388)
Tumor size (T)

T1 4/15 (26.7) - -

T2 2/15(13.3) - -

T3 0/15 - -

T4 9/15 (60.0) - -
Nodal status (N)

NO 9/15 (60.0) - -

N1 0/15 - -

N2 3/15(20.0) - -

N3 3/15 (20.0) - -
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Characteristics in (%) LSCC Control p
Distant metastasis (M)
MO 15/15 (100) - -
M+ 0/15 - -
Caucasian 15/15 (100) 7/7 (100) -
Comorbidity
Metabolic disease 5/15 (33.3) 0/7 ns (p = 0.082)
Cardiovascular disease 9/15 (60.0) 3/7 (42.9) ns (p = 0.452)
Smoker 10/15 (66.7) 2/7 (28.6) ns (p = 0.095)
Alcohol 12/15 (80.0) 4/7 (57.1) ns (p = 0.262)
COPrD 3/15 (20.0) 0/7 ns (p = 0.203)
OSAS 1/15 (6.7) 0/7 ns (p = 0.484)
Medication
Antihypertensive medication 8/15 (53.3) 3/7 (42.9) ns (p = 0.647)
Antidepressants 2/15 (13.3) 0/7 ns (p = 0.311)
Opioids 0/15 0/7 -
Immunosuppressants 0/15 0/7 -
Cohort B 75 54 -
Mean age in years (4 SD) 61.4 (+9.2) 34.5 (£ 13.8) p <0.001
Gender
Male 66/75 (88.0) 32/54 (59.3) p <0.001
Female 9/75 (12.0) 22/54 (40.7) p <0.001
Tumor size (T)
T1 15/75 (20.0) - -
T2 23/75 (30.7) - -
T3 18/75 (24.0) - -
T4 19/75 (25.3) - -
Nodal status (N)
NO 37/75 (49.3) - -
N1 7/75(9.3) - -
N2 17/75 (22.7) - -
N3 5/75(6.7) - -
Distant metastasis (M)
MO 75 - -
Race
Caucasian 75/75 (100) 53/54 (98.1)
Comorbidity
Metabolic disease 19/53 (35.8) 3/54 (5.6) p <0.001
Cardiovascular disease 23/53 (43.4) 1/54(1.9) p <0.001
Smoker 46/59 (78.0) 20/54 (37.0) p < 0.001
Alcohol 43/59 (72.9) 28/54 (51.9) p=0.021
COPD 7/53 (13.2) 0/54 p =0.006
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Table 2. Cont.
Characteristics in (%) LSCC Control p
OSAS 1/53 (1.9) 0/54 ns (p = 0.311)
Medication
Antihypertensive medication 21/53 (39.6) 2/54 (3.7) p <0.001
Antidepressants 3/53(5.7) 1/54 (1.9) ns (p = 0.299)
Opioids 0/53 1/54(1.9) ns (p =0.32)
Immunosuppressants 1/53(1.9) 0/54 ns (p = 0.311)

Abbreviations: LSCC, laryngeal squamous cell carcinoma; art. HTN, arterial hypertension; COPD, chronic obstruc-
tive pulmonary disease; OSAS, obstructive sleep apnea syndrome; SD, standard deviation; ns, not significant.

In cohort A there were no significant differences between the LSCC and the control
group (LSCC n = 15, and control n = 7) regarding gender, race, comorbidities, or medication.

Furthermore, there was no significant difference between LSCC patients of cohorts A
and B with regard to any of the comorbidities mentioned. This also applies to the compari-
son of control patients from cohorts A and B, with the exception of cardiovascular disease.

In cohort B, the age of LSCC patients was significantly higher compared to control
patients (p < 0.001). Significantly more men than women were included in the LSCC group
in comparison to the control group (p < 0.001). Comorbidities like metabolic diseases,
cardiac disease, nicotine and alcohol consumption, and COPD occurred significantly more
often in the tumor group.

For cohorts A and B, the control groups consisted of SRP patients. This explains the
significant age gap and differences in the male to female ratio between LSCC and the
control group in cohort B. This age gap is considered to be the main reason for differences
in comorbidities and medication. The differences in the male to female ratio are common
in LSCC. Therefore, statistically significant differences between tumor patients and healthy
controls are to be expected.

3.2. Identification of IGFBP7 and Annexin A1 as Promising Differentially Expressed Exosomal
Proteins Using a Highly Multiplexed Proteomic Array Analysis

In the first step, a proteomic multiplexed array analysis was used to identify promising
novel exosomal biomarkers (Table 3). The exosomal proteins IGFBP7 and ANXA1 were
selected based on the most promising fold change and physiological function. Both proteins
were overexpressed at all tumor stages compared to the control group. The highest fold
change for both proteins was found in T1 and T2 LSCC/control (IGFBP7 FC: T1 = 3.48,
T2 =5.93; ANXA1 FC: T1 = 10.25, T2 = 15.91).

Table 3. Multiplexed array results showing the fold changes between LSCC and control patients. The
FC of IGFBP7 and ANXAL1 for different stages of LSCC are displayed (see Supplementary Data S1 for
results of all proteins of the proteomic analysis). Tumor samples included 1 = 4 patients with TINO
LSCC, n = 2 patients with T2NO LSCC, n = 3 patients with T4 (N0) LSCC, and n = 6 patients with T4
(N+) LSCC. The control group consisted of n = 7 samples from patients undergoing SRP. FCs were
calculated by dividing the mean values of the tumor groups by the mean value of the control group.
Data analysis was provided by Raybiotech. Median normalization of the data was performed using
the analysis tool provided by Raybiotech. Known exosome markers that were also analyzed with the
antibody array were used as references for further normalization, via geNorm.

Protein T1 (N0)/C T2 (N0)/C T4 (N0)/C T4 (N+)/C
IGFBP7 3.48 5.93 1.52 1.17
Annexin Al 10.25 15.91 1.58 421

Abbreviations: IGFBP7, Insulin-like growth factor binding protein 7.
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Proteomic results of IGFBP7 and AXNA1 are shown in Table 3 (see Supplementary
Data S1 for results of all proteins of the proteomic analysis). Out of 2000 proteins examined
on the antibody array, we chose IGFBP7 and ANXA1 out of the most differentially expressed
proteins for further validation. The proteins (of the array analysis) selected for further
validation as potential biomarkers were chosen based on FC, physiological function, and
previous association with LSCC and/or HNC in the literature.

3.3. Identification and Validation Cohort Show Matching Results for IGFBP7 and Annexin Al

The identification cohort showed the overexpression of IGFBP7 and ANXA1 regarding
all tumor stages versus controls, in exosomes isolated from serum. The highest tumor-
to-control ratio (fold change) was found in T1 and T2 carcinomas for both IGFBP7 and
ANXAL1 in the array analysis.

ELISAs were run on exosomes isolated from serum and whole serum samples to
measure IGFBP7 and ANXAL in the validation cohort. ELISAs were performed in exosomes
and serum in order to optimize the signal-to-noise ratio (exosomes) and point-of-care use
(whole serum).

IGFBP7 was significantly increased in the whole serum of LSCC patients compared
to controls (T1-T4: FC = 1.6; p < 0.0001). IGFBP7 serum levels of every T stage (T1-T4)
were significantly overexpressed in comparison to the serum of healthy individuals (T1:
FC =1.7,p <0.0001; T2: FC = 1.5, p < 0.0001; T3: FC = 1.5, p <0.0001; T4: FC = 1.7, p < 0.0001;
Figure 1). This was also true for exosomes (T1-T4: FC = 1.7, p < 0.01; Figure 1).
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Figure 1. ELISA results for IGFBP7 and ANXA1 on whole serum and exosomes. (a) IGFBP7 on
whole serum comparing control patients and different stages of LSCC. For all tumor sizes, IGFBP7
showed a significant overexpression in LSCC compared to controls. (b) IGFBP7 on exosomes isolated
from serum comparing control patients to different stages of LSCC. IGFPB7 showed significant
overexpression for all tumor sizes compared to controls. (¢) ANXA1 on whole serum comparing
control patients and different stages of LSCC. For all tumor sizes, except T4, ANXA1 showed a
significant downregulation in LSCC compared to controls. (d) ANXA1 on exosomes isolated from
serum comparing control patients to different stages of LSCC. For all tumor sizes, except T2, ANXA
showed significant overexpression compared to controls. * p < 0.05; ** p < 0.01; **** p < 0.0001; ns,
not significant. For the calculation of ELISA results and the creation of graphics, GraphPad Prism
Version 9.3.1 (GraphPad Software, La Jolla, CA, USA) was used. Differences between the groups were
determined using the Kruskal-Wallis-test. p-values < 0.05 were considered as statistically significant.
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Annexin Al was significantly downregulated in the whole serum of all tumor sizes
compared to controls, except T4 (T1: FC = 0.6, p < 0.05; T2: FC = 0.6, p < 0.01; T3: FC = 0.6,
p <0.01; T4: FC = 1.0, p = ns; Figure 1) ELISAs on exosomes, on the other hand, did show
overexpression of ANXA1 in tumor samples compared to controls. The overexpression in
exosomes was significant for all tumor sizes except T2. The overexpression of ANXA1 in
exosomes measured via ELISA matches our results in the array analysis of exosomes (T1:
FC=25,p<0.01; T2: FC=19, p =n.s.; T4: FC = 3.0, p < 0.01; T1-T4: FC = 2.5, p < 0.01;
Figure 1).

As we were screening for biomarkers that are applicable for the early detection of
LSCC, early tumor stages were of particular interest (T1, T2). We calculated the specificity
and sensitivity of the potential biomarkers IGFBP7 and ANXA1 via ROC analysis for T1
and T2 tumors using the ELISA analysis data (Figure 2). For IGFBP7 with the cut-off value
of 41.85, sensitivity was 92.1% and specificity was 79.6%. For ANXA1 with the cut-off value
of 99.5, sensitivity was 71.0% and specificity was 65.8%.
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Figure 2. Receiver operating characteristic (ROC) curve to distinguish LSCC (T1 and T2) patients
from healthy subjects by IGFBP7 (a) and ANXAT1 (b). (a) ROC curve for IGFBP7: area under the ROC
curve (AUC) 0.9128; standard error a 0.03235; 95% confidence interval b 0.8494 to 0.9762; significance
level p < 0.0001. (b) ROC curve for ANXAI: area under the ROC curve (AUC) 0.7148; Ostandard error
a 0.0623; 95% confidence interval b 0.5927 to 0.8369; significance level p = 0.0023. ROC curves for
IGFBP7 and ANXA1 were calculated using GraphPad Prism Version 9.3.1 (GraphPad Software, La
Jolla, CA, USA).

The cut-off values were selected to achieve a high sensitivity rate. A high sensitivity
rate and a low false-negative rate are particularly important when screening for malignant
diseases, as false-negative results must be minimized. In cancer screening, it is particularly
important that patients are not incorrectly classified as cancer free.

3.4. Analysis of IGFBP7 and ANXA1 in Tissue
3.4.1. Immunohistochemical Patterns for IGFBP7 and Annexin Al

IHC for IGFP7 and ANXA1 was performed on the tissue samples of LSCC patients
from cohort A. Control IHC was run on malignancy-free larynx tissue.

IGFBP7 was mainly located at the invasion front of the tumor. In the stroma surround-
ing the tumor tissue, weak staining could be observed for some inflammatory cells and
fibroblasts. In normal tissue, epithelium showed no staining for IGFBP7. Some inflamma-
tory cells and fibroblasts were stained (Figure 3).

Annexin Al showed strong staining of the tumor tissue, especially in the keratinized
part of the carcinoma. The surrounding tissue was lightly stained; some inflammatory
cells and fibroblasts also showed stronger staining. Normal tissue showed light staining.
Inflammatory cells and fibroblasts showed stronger staining and stood out compared to
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stroma and epithelium. The brush border and mucus layer of the epithelium showed the
strongest staining (Figure 3).

LSCC showed strong IGFBP7 expression primarily in the invasion front of the tumor.
The staining was weaker in the midst of the tumor. Control tissue without malignancy
showed a weak staining in some inflammatory cells and fibroblasts and no staining in
the epithelium.

control

Q'
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Figure 3. Immunohistochemistry of LSCC and control tissue for IGFBP7 and ANXA1. Tissue
sections were photographed using a BZ-X810 microscope with BZ-X800 viewer and analyzer software

(Keyence, Germany, Neu-Isenburg). Images were taken at 20 x and 40 x magnification. Scale bars
were included. Contrast and brightness were adjusted.

LSCC showed strong ANXA1 expression in the whole tumor tissue, especially in the
keratinized part of the carcinoma. The surrounding tissue was slightly stained; some in-
flammatory cells and fibroblasts also showed stronger staining. Control tissue showed light
staining. The epithelium and the underlying connective tissue stroma were stained slightly.
Inflammatory cells and fibroblasts showed stronger staining and stood out compared to
stroma and epithelium. The brush border and mucus layer of the epithelium showed the
strongest staining.

3.4.2. Validation of Proteomic Results Using Western Blots

Western blots were performed on tissue lysates from 14 patients of the validation
cohort. The tumor samples consisted of T1, T2, T3, and T4 tumors (n = 2 each). In total
n =8 LSCC and n = 6 control tissue lysate samples (malignancy-free tumor-distant tissue)
were analyzed for IGFBP7 and ANXA1.

The band pattern of IGFBP7 showed an increased band intensity in all examined tumor
lysates, independent of stage, compared to the control samples. This finding indicates that
IGFBP?7 is overexpressed in the tumor tissue and matches the proteomic array analysis,
IHC and ELISA results (Figure 4). The band pattern of Annexin Al showed hardly any
differences between the tumor and the control tissue (Figure 4). Semiquantitative densito-
metric analysis of the band patterns and normalization to GAPDH yielded the FC value of
3.81 for IGFBP7 and 0.84 for Annexin Al(Figure 5).
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Figure 4. Western blots on tissue lysates of different stages of LSCC (T1-T4) and controls for IGFBP7
and ANXAL. In total n = 8 LSCC and n = 6 control tissue lysate samples were analyzed for IGFBP7
and ANXA1. WBs signals were imaged using ChemStudio PLUS (Analytik Jena, Jena, Germany).
Band intensity was quantified using VisionWorks version 8.2 (Analytik Jena, Jena, Germany). Results
were normalized to GAPDH. Semiquantitative densitometric analysis of the band patterns and
normalization to GAPDH yielded the FC value of 3.81 for IGFBP7 and 0.84 for Annexin Al. IGFBP7:
All stages of LSCC showed a stronger staining in comparison to controls. ANXA1: Western blots
on tissue lysates of different stages of LSCC and controls for ANXA1. The band pattern of ANAX1
showed hardly any differences between the tumor and the control samples. GAPDH: Reference
protein for WB analysis showing a consistent band intensity for all samples.
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Figure 5. Quantitative, densitometric analysis of Western blot results are presented in Figure 4.
The absolute signal intensities of the respective samples were normalized to the absolute signal
intensities of GAPDH. In total n = 8 LSCC and # = 6 control tissue lysate samples were analyzed for
IGFBP7 and ANXAI. Signals were imaged using ChemStudio PLUS (Analytik Jena, Jena, Germany).
Densitometric analysis was performed by band intensity quantification via the image processing
software VisionWorks version 8.2 (Analytik Jena, Jena, Germany). Results were normalized to
GAPDH. Abbreviations: au, arbitrary units. *** p < 0.001; ns, not significant.

4. Discussion

LSCC is the third most common type of HNSCC [1]. Despite an increase in the overall
survival rate of LSCC patients, the prognosis for those with advanced laryngeal cancer has
not improved in recent decades [25]. This is due to the nonspecific symptoms of laryngeal
cancer, which often lead to late diagnosis and delayed treatment [4]. Currently, there are no
non-invasive biomarkers available for the early diagnosis of LSCC. Therefore, we analyzed
exosomal serum biomarkers for LSCC to address this shortcoming. Ideally, a combination
of biomarkers should be used to decrease interindividual differences [26].

Exosomes are a promising substrate for noninvasive liquid biopsy and early tumor
detection as they represent the pathophysiological state of their cell of origin. Increased
exosome production has been associated with malignant cells and cancer progression.
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Certain proteins associated with tumoral cell pathophysiology can accumulate in exosomes,
enabling their detection as novel biomarkers [19,20,22]. Additionally, exosomal biomarkers
exhibit a superior signal-to-noise-ratio compared to whole serum. Therefore, our group
decided to use exosomal proteins as the substrate for the identification cohort to screen
potential novel biomarkers. The objective of our group was to identify biomarkers that can
be tested or monitored via serum analysis, as exosome isolation is time-consuming and
may not be implemented into clinical practice.

IGFBP7 and ANXA1 were identified as potential novel exosomal biomarkers for LSCC
by multiplexed array analysis. Our results showed increased levels of IGFBP7 and ANXA1
in LSCC compared to controls for all tumor stages. The FC for IGFBP7 of T1 (3.48) and T2
(5.93) and for ANXAT1 of T1 (10.25) and T2 (15.91) are especially noteworthy.

IGFBP7 is a member of the IGFBP family, involved in the regulation of cell proliferation,
angiogenesis, apoptosis, and mesenchymal transition [27-31]. It has been reported in
multiple carcinomas, showing variable expression depending on the tumor site. For
example, it acts as cancer promoting in esophageal carcinoma [32], gastric cancer [33], and
head and neck squamous cell carcinomas (HNSCC) [15,34]. Downregulated expression
of IGFBP7 was reported in liver carcinomas [28,35], lung cancer [36-38] and prostate
cancer [39,40].

ANXAT1 functions as a calcium-dependent phospholipid-binding protein with anti-
inflammatory properties. It acts as a glucocorticoid-regulated protein, inhibiting phos-
pholipase A2 (PLA2) during inflammatory responses, thereby reducing the release of
arachidonic acid [41,42]. ANXAL1 is expressed in multiple tissues and is involved in diverse
cellular processes, including cell proliferation, differentiation, survival, apoptosis, migra-
tion, and angiogenesis. The deregulation of ANXAL1 is frequently associated with cancer
development, contributing to tumor initiation, proliferation, and metastasis [43]. ANXA1
expression has been reported to correlate with the development of hepatocellular carci-
noma (HCC) [44], colorectal cancer (CRC) [45,46], lung cancer [47], pancreatic cancer [48],
melanoma [49] and skin cancer [50]. ANXA1 expression has been reported to be negatively
correlated with prostate cancer, esophageal squamous cell carcinoma (ESCC) [51,52], oral
squamous cell carcinoma [53,54], cervical cancer [55], laryngeal cancer [56,57], nasopharyn-
geal cancer [58], and breast cancer [59].

4.1. Tissue Results for IGFBP7 and ANXA1

Our results in tissue demonstrated increased expression of IGFBP7 and ANXA1 in
LSCC compared to controls, as confirmed by both IHC and WB. Both proteins showed
strong staining in the tumoral tissue, while the surrounding normal tissue displayed light
or no staining. IGFBP7 was predominantly expressed in the invasion front of the tumor.
Both IGFBP7 and ANXAL1 displayed light staining in the inflammatory cells and fibroblasts.
The WB band pattern of IGFBP7 showed an increased band intensity in all examined tumor
lysates compared to the control samples, independent of tumor stage. This finding suggests
that IGFBP7 is overexpressed in the tumor tissue and is consistent with the proteomic array
analysis, IHC, and ELISA results.

The band pattern of ANXA1 showed hardly any differences between the tumor
and the control tissue. A slight reduction in band intensity was detectable for tumors.
Semiquantitative densitometric analysis of the band patterns and normalization to GAPDH
yielded the FC value of 3.81 for IGFBP7 and 0.84 for ANXA1. The IHC of ANXA1 showed
that physiologic epithelium, connective tissue stroma, fibroblasts, and inflammatory cells
express ANXAL1 to a certain extent. The lack of differences in expression between tumor
and control samples for ANXA1 may be due to tissue lysates being a mixture of different
cells. Due to the heterogeneity of tumor tissue, the proportion of different cell types in the
tumor lysates and therefore the extent of ANXA1 expression may vary. Furthermore, the
control tissues utilized for Western blot analysis were obtained from areas distant from
the tumor. This means that there may still be a meaningful presence of inflammatory cells,
which could result in higher levels of ANXAT in the controls.
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The literature regarding ANXA1 in LSCC is limited. While some studies reported
increased ANXAT1 levels in LSCC [60,61], others showed a decrease in ANXA1 expression
in LSCC [56,57,62,63]. In the broader context of HNSCC, the majority of studies suggest a
reduction in ANXA1 expression [61,62,64—-66]. Some studies directly link the reduction or
loss of ANXA1 in HSCC to tumor development and other HNSCC-related oncogenes such
as EGFR [62,64] and miR-196a/b [65,66]. Consistent with our IHC results, Deng et al. found
high expression of Annexin Al, A2 and A4 in human laryngeal carcinoma tissues using
IHC, despite these annexins not being detected by differential proteomic analysis. The
group suggested that low abundance proteins like annexins may not be easily detectable
during proteomics analysis due to limited sensitivity [60]. In contrast, a study by Alves
et al. using serial analysis of gene expression (SAGE) revealed a significant decrease in
ANXAT1 expression in LSCC. IHC confirmed the reduced expression of ANXA1 in the
nucleus and cytoplasm of larynx tumors compared to normal tissue, while an increase in
ANXAT1 expression was detected in the membrane of tumorous versus normal tissue [57].
Other studies reported a downregulation of ANXA1 expression in laryngeal tumor tissue,
with a concurrent increase in ANXA1 in inflammatory cells situated within the tumor
microenvironment [56,63].

ANXAT1 has been reported in inflammatory cells, particularly in mast cells that are
involved in inflammatory responses [56,63,67,68]. Our IHC results also showed ANXA1
expression in inflammatory cells. The increase in degranulated mast cells observed in
laryngeal tumors and peritumoral tissue indicates that these tumor cells recruit and activate
mast cells to release biological mediators that may be harmful to the tumor or contribute to
tumor development. In response to chemoattractant substances released by tumor cells,
inflammatory cells, including mast cells, accumulate at sites of tumor growth. Depending
on local stromal conditions, they could either promote or inhibit tumor growth by altering
the peritumoral micromovement [63].

4.2. ELISA Results for IGFBP7 Matching Previous Findings in LSCC

Our ELISA results showed a significant overexpression of IGFBP7 in the serum and
exosomes of LSCC patients compared to controls, matching our results in tissue. IGFBP7
was significantly overexpressed in the serum of LSCC patients compared to controls (T1-T4:
FC =1.6; p <0.0001). This was also true for exosomes (T1-T4: FC = 1.7, p < 0.01; Figure 1).

Sepiashvili et al. investigated hypopharynx (FaDu) and larynx (UTSCC8, UTSCC42a)
cancer cell lines by mass spectrometry-based proteomic profiling and gene expression
microarrays. This was followed by the verification of selected markers through quantitative
real-time PCR, WBs, IHC, and ELISAs [15]. The study demonstrated significantly increased
expression of IGFBP7 in LSCC by IHC and WBs. Furthermore, significantly increased levels
of IGFBP7 were detected in the plasma of LSCC patients compared to healthy individuals
via ELISA [15]. Our tissue results also showed overexpression of IGFBP7 in WBs and IHC,
and significantly increased levels of IGFBP7 in the serum of LSCC for all tumors (T1-T4:
FC = 1.6; p < 0.0001). In conjunction with these results, our findings in exosomes and whole
serum underline the potential of IGFBP7 as a noninvasive biomarker. Moreover, IGFBP7
may be able to differentiate not only between individuals with and without cancer but also
between early and late disease stages.

4.3. Potential Influence of Comorbidities on IGFBP7 Expression

In patients affected by ischemic heart disease (IHD), Lisowska et al. found an average
1.25-fold increase in IGFBP7 serum levels in comparison to the population (1.76 & 1 ng/mL
vs. 1.43 £ 0.44 ng/mL, respectively, p = 0.019) [69]. Regarding our study, most of the
patients grouped under the category of cardiovascular diseases exhibited solely arterial
hypertension. Only a subset of these patients had coronary artery disease, myocardial
infarction, or had undergone stenting or bypass surgery, which would suggest a diagnosis
of IHD. Three of 15 LSCC patients in cohorts A and eight of 53 LSCC patients in cohort
B could therefore be classified as having IHD. None of the control patients of cohort A
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and B had been diagnosed with IHD. The ELISA results of our study showed a 1.7-fold
increase in IGFBP7 serum levels in comparison to the control group for all tumor stages.
The p value was >0.0001. This means that in our ELISA results, the serum level difference
of IGFP7 in LSCC patients compared to the control group was approximately 45% higher
than the serum IGFBP7 level difference of IHD patients compared to the population group
in the study by Lisowska et al. Due to the small number of patients with IHD in the tumor
group of cohorts A and B and the significantly lower fold change in IGFBP7 levels in IHD
patients compared to our results in LSCC patients, it can be assumed that the influence of
this comorbidity on our ELISA results is probably minimal at worst.

Ruan et al. showed that serum IGFBP7 levels are elevated during acute exacerbations
of COPD. After clinical recovery, IGFBP7 levels decreased [70]. Only seven out of 53 LSCC
patients and zero control patients in cohort B had COPD. None of these patients had an
acute exacerbation of COPD at the time of blood sampling.

4.4. ELISA Results of ANXA1 Show Opposing Data for Exosomes and Serum

Annexin Al was significantly downregulated in the serum of all tumor stages com-
pared to controls, except T4 (T1: FC = 0.6, p < 0.05; T2: FC = 0.6, p < 0.01; T3: FC = 0.6,
p <0.01; T4: FC = 1.0, p = ns; Figure 1). ELISAs on exosomes, on the other hand, did show
significant overexpression of ANXA1 in tumor samples compared to controls except T2
(T1: FC=25,p <0.01; T2: FC = 1.9, p =n.s.; T4: FC = 3.0, p < 0.01; T1-T4: FC = 2.5, p < 0.01;
Figure 1).

To the best of our knowledge, there is no literature regarding ANXA1 serum levels
in LSCC. Our study is the first to investigate ANXA1 in the blood of LSCC patients com-
pared to healthy controls. This is why the only possible comparison is with results from
other tumor types. In a study of lung cancer patients, Rong et al. detected that serum
Annexin Al levels were significantly higher than in patients with benign lung diseases
and healthy control patients via ELISA analysis. The group also observed that lung cancer
with a high serum level of Annexin Al is more likely to show an aggressive phenotype,
i.e., poorly differentiated to undifferentiated lung cancer and lymphatic metastasis. These
results suggest the possibility that serum ANXA1 may be a risk factor for lung cancer and
a potential biomarker [71]. Han et al. found that serum ANXA1 in ESCC patients was
significantly lower than in control patients (p < 0.001) but increased after chemoradiother-
apy (p < 0.001) [52]. This matches our findings of decreased serum levels of ANXAL1 in
LSCC patients.

4.5. Differences in ANXA1 Expression between Exosomes and Serum

Our data on ANXA1 showed opposing results in exosomes and whole serum. It is
known from other entities that results in exosomes and whole serum may be opposed due
to the different secretion mechanism of exosomes [72]. Furthermore, there is conflicting
literature about the expression levels of ANXAT1 in tissue as described above [56,57,60-66].
ANXAT1 has been described as a “double-sided” protein due to its diverse and sometimes
opposing functions. The function of ANXA1 may be specific to each tumor type due to
post-translational modifications of the protein impacting expression across a range of cell
and cancer types. Furthermore, its influence on cancer may depend on its differential distri-
bution among the cytoplasm, nucleus, and cell surface [73]. Several groups have described
the occurrence of three subcellular localizations of ANXA1 as being nuclear, cytoplasmic,
and associated with the plasma membrane. Depending on the specific site, ANXA1 may
participate in tumorigenesis in different ways [42,74,75]. An increased presence of ANXA1
in cell nuclei is considered a significant predictor of poor overall survival in oral and
esophageal squamous cell carcinoma [76,77]. In esophageal cancer, ANXA1 expression
was found to be decreased in the cytosol and membrane but overexpressed in the nuclei.
This suggests that the subcellular localization of ANXA1 may play an important role in
tumorigenesis, in addition to its overall expression level [78]. The membrane association of
ANXA1 enables the interaction with formyl-peptide-receptors (FPRs). Via the stimulation
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of FPRs, ANXA1 can induce oncogenic pathways. This has been reported in cases of
gastric cancer [79] and breast cancer [80]. MDX-124, a humanized anti-ANXA1 monoclonal
antibody, has been shown to suppress cell proliferation significantly in ANXA1-expressing
breast, ovarian, pancreatic, colon, and lung cancer cell lines (p < 0.013). MDX-124 disrupted
the interaction of ANXA1 with FPR1/2. Furthermore, the reduced cell proliferation in-
duced by the antibody was mediated by arresting the cell cycle progression in the G1 phase
instead of inducing apoptosis. In addition, MDX-124 significantly inhibited tumor growth
in both TNBC (4T1-LUC triple-negative breast cancer) and pancreatic cancer syngeneic
mouse models (p < 0.0001) [81]. ANXAL1 overexpression in tumor cell cytoplasm has been
reported in various cancers, including breast cancer and squamous cell carcinoma [82].
ANXA1 may also be seen as a promising biomarker for the diagnosis of LSCC. However,
due to its contradictory activity in cancer in general and in LSCC, further research is needed
in order to determine the clinical meaningfulness of ANXAL.

4.6. Limitations

The study was based at a single center in Germany, which may limit the generaliz-
ability of the findings to the wider population. Furthermore, due to the small sample size,
continued experimental studies involving a larger number of samples of LSCC patients
and molecular mechanisms are required to reach a definitive conclusion. In cohort A,
there are no significant differences between the LSCC and the control group regarding
gender, race, and comorbidities. At the same time, the control group of cohort B differs
significantly from the tumor group in terms of age, gender, and comorbidity. This limits the
comparability of these two groups. Therefore, the preliminary results need to be confirmed
by a prospective study including a larger number of subjects as well as by the functional
analysis of IGFBP7 and ANXA1 through in vitro studies. A detailed understanding of the
function and importance of IGFBP7 and ANXA1 may help to further elucidate the biologi-
cal mechanisms of laryngeal carcinoma and support the development of early diagnosis
and preventive treatment.

It is important to note that tumor markers can be altered by certain comorbidities.
There are studies that show an association between specific comorbidities and IGFBP7 or
ANXAL1 [69,70,83]. As blood samples for our study were taken from all patients the day
before surgery or panendoscopy as part of the standard preoperative examination, acute
inflammatory processes or exacerbations of disease can be reliably excluded, as the patients
would otherwise not have been applicable for the operation.

5. Conclusions

IGFBP7 and ANXAL1 were identified as potential novel non-invasive protein biomark-
ers for the early detection of LSCC by the combination of a highly multiplexed proteomic
approach, WB, IHC, and ELISAs. IGFBP7 and ANXA1 may be potential predictors for
LSCC, especially for early disease stages. Further studies as well as larger numbers of
LSCC subjects are needed to investigate the clinical meaningfulness.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ cancers16112028/s1.

Author Contributions: Conceptualization, S.K.M. and O.W.; methodology, O.W. and J.S.; software
O.W, ].S. and V.-V.P; validation, S.K.M. and O.W.; formal analysis, ].S. and V.-V.P; investigation, J.S.;
resources, S KM, J.S.,, MK, M.S,, M.B. and R.R,; data curation, ].S.; Writing—original draft prepara-
tion, J.S.; writing—review and editing, S K.M., O.W.,, J.S., M.K,, M.S., M.B. and R.R.; visualization,
O.W. and ].S,; supervision, S.K.M. and O.W.; project administration, S.K.M. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
University of Erlangen-Niirnberg (No.: 20-451-B on 25 March 2021).


https://www.mdpi.com/article/10.3390/cancers16112028/s1
https://www.mdpi.com/article/10.3390/cancers16112028/s1

Cancers 2024, 16, 2028 17 of 20

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, upon reasonable request.

Acknowledgments: Thanks to Renate Schéfer and Elisabeth Sterna for methodical support.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

Mourad, M.; Jetmore, T.; Jategaonkar, A.A.; Moubayed, S.; Moshier, E.; Urken, M.L. Epidemiological Trends of Head and Neck
Cancer in the United States: A SEER Population Study HHS Public Access. |. Oral. Maxillofac. Surg. 2017, 75, 2562-2572.
[CrossRef] [PubMed]

Raitiola, H.; Pukander, J.; Laippala, P. Glottic and Supraglottic Laryngeal Carcinoma: Differences in Epidemiology. Acta
Oto-Laryngol. 1999, 119, 847-851.

Coskun, H.; Mendenhall, W.M.; Rinaldo, A.; Rodrigo, ].P.; Suarez, C.; Strojan, P.; Lopez, F; Mondin, V.; Saba, N.F.; Shaha, AR,;
et al. Prognosis of Subglottic Carcinoma: Is It Really Worse? Head Neck 2019, 41, 511-521. [CrossRef]

Zeng, W.; Li, Y,; Lu, E.; Ma, M. CYP1A1 Rs1048943 and Rs4646903 Polymorphisms Associated with Laryngeal Cancer Susceptibility
among Asian Populations: A Meta-Analysis. J. Cell. Mol. Med. 2016, 20, 287-293. [CrossRef]

Waldfahrer, F; Hauptmann, B.; Iro, H. Die Halslymphknotenmetastasierung Des Glottischen Larynxkarzinoms Lymph Node
Metastasis of Glottic Laryngeal Carcinoma. TumorDiagnostik Ther. 2005, 26, 73-77. [CrossRef]

Van Dijk, B.A.C.; Karim-Kos, H.E.; Coebergh, J].W.; Marres, H. A.M.; De Vries, E. Progress against Laryngeal Cancer in the
Netherlands between 1989 and 2010. Int. J. Cancer 2014, 134, 674—681. [CrossRef] [PubMed]

Cossu, A.M.; Mosca, L.; Zappavigna, S.; Misso, G.; Bocchetti, M.; de Micco, E,; Quagliuolo, L.; Porcelli, M.; Caraglia, M.; Boccellino,
M. Long Non-Coding RNAs as Important Biomarkers in Laryngeal Cancer and Other Head and Neck Tumours. Int. J. Mol. Sci.
2019, 20, 3444. [CrossRef]

Robert-Koch-Institut. Krebs in Deutschland Fiir 2015/2016; Robert Koch Institut: Berlin, Germany, 2016; Volume 160.

Obid, R.; Redlich, M.; Tomeh, C. The Treatment of Laryngeal Cancer. Oral. Maxillofac. Surg. Clin. N. Am. 2019, 31, 1-11. [CrossRef]
Forastiere, A.A.; Wolf, G.T; Ismaila, N. Use of Larynx Preservation Strategies in the Treatment of Laryngeal Cancer American
Society of Clinical Oncology Clinical Practice Guideline Update Summary. J. Oncol. Pract. 2017, 14, 123-128. [CrossRef]

Huang, G.J.; Luo, M.S.; Chen, G.P,; Fu, M.Y. MiRNA-MRNA Crosstalk in Laryngeal Squamous Cell Carcinoma Based on the
TCGA Database. Eur. Arch. Oto-Rhino-Laryngol. 2018, 275, 751-759. [CrossRef]

Thurnher, D.; Erovic, B.M.; Frommlet, F; Brannath, W.; Ehrenberger, K.; Jansen, B.; Selzer, E.; Grasl, M.C. Challenging a Dogma—
Surgery Yields Superior Long-Term Results for Tla Squamous Cell Carcinoma of the Glottic Larynx Compared to Radiotherapy.
Eur. J. Surg. Oncol. 2008, 34, 692-698. [CrossRef] [PubMed]

Cavaliere, M.; Bisogno, A.; Scarpa, A.; D'Urso, A.; Marra, P.; Colacurcio, V.; De Luca, P.; Ralli, M.; Cassandro, E.; Cassandro, C.
Biomarkers of Laryngeal Squamous Cell Carcinoma: A Review. Ann. Diagn. Pathol. 2021, 54, 151787. [CrossRef] [PubMed]

Rey, J.; Tobias, S.; Monson, K.; Gupta, N.; Macdougall, H.; Glaholm, J.; Hutchison, I.; Kadalayil, L.; Hackshaw, A. Chemoradio-
therapy for Locally Advanced Head and Neck Cancer: 10-Year Follow-up of the UK Head and Neck (UKHANT1) Trial. Lancet
Oncol. 2010, 11, 66-74. [CrossRef]

Sepiashvili, L.; Hui, A.; Ignatchenko, V.; Shi, W.; Su, S.; Xu, W.; Huang, S.H.; O’Sullivan, B.; Waldron, ].; Irish, ].C.; et al. Potentially
Novel Candidate Biomarkers for Head and Neck Squamous Cell Carcinoma Identified Using an Integrated Cell Line-Based
Discovery Strategy. Mol. Cell. Proteom. 2012, 11, 1404-1415. [CrossRef] [PubMed]

Tonack, S.; Aspinall-O’Dea, M.; Jenkins, R.E.; Elliot, V.; Murray, S.; Lane, C.S.; Kitteringham, N.R.; Neoptolemos, J.P.; Costello, E.
A Technically Detailed and Pragmatic Protocol for Quantitative Serum Proteomics Using ITRAQ. J. Proteom. 2009, 73, 352-356.
[CrossRef]

Raposo, G.; Stoorvogel, W. Extracellular Vesicles: Exosomes, Microvesicles, and Friends. J. Cell Biol. 2013, 200, 373-383. [CrossRef]
[PubMed]

Simons, M.; Raposo, G. Exosomes—Vesicular Carriers for Intercellular Communication. Curr. Opin. Cell Biol. 2009, 21, 575-581.
[CrossRef] [PubMed]

Valadi, H.; Ekstrom, K.; Bossios, A.; Sjostrand, M.; Lee, ].].; Lotvall, J.O. Exosome-Mediated Transfer of MRNAs and MicroRNAs
Is a Novel Mechanism of Genetic Exchange between Cells. Nat. Cell Biol. 2007, 9, 654-659. [CrossRef]

Qin, J.; Xu, Q. Functions and Applications of Exosomes. Acta Pol. Pharm. Drug Res. 2014, 71, 537-543.

Hoshino, A.; Costa-Silva, B.; Shen, T.L.; Rodrigues, G.; Hashimoto, A.; Tesic Mark, M.; Molina, H.; Kohsaka, S.; Di Giannatale, A.;
Ceder, S.; et al. Tumour Exosome Integrins Determine Organotropic Metastasis. Nature 2015, 527, 329. [CrossRef]

Matsumoto, Y.; Kano, M.; Akutsu, Y.; Hanari, N.; Hoshino, I.; Murakami, K.; Usui, A.; Suito, H.; Takahashi, M.; Otsuka, R.; et al.
Quantification of Plasma Exosome Is a Potential Prognostic Marker for Esophageal Squamous Cell Carcinoma. Oncol. Rep. 2016,
36, 2535-2543. [CrossRef] [PubMed]

Rider, M.A.; Hurwitz, S.N.; Meckes, D.G. ExtraPEG: A polyethylene glycol-based method for enrichment of extracellular vesicles.
Sci. Rep. 2016, 6, 23978. [CrossRef]


https://doi.org/10.1016/j.joms.2017.05.008
https://www.ncbi.nlm.nih.gov/pubmed/28618252
https://doi.org/10.1002/hed.25172
https://doi.org/10.1111/jcmm.12720
https://doi.org/10.1055/s-2004-826075
https://doi.org/10.1002/ijc.28388
https://www.ncbi.nlm.nih.gov/pubmed/23873096
https://doi.org/10.3390/ijms20143444
https://doi.org/10.1016/j.coms.2018.09.001
https://doi.org/10.1200/JOP.2017.027912
https://doi.org/10.1007/s00405-018-4876-9
https://doi.org/10.1016/j.ejso.2007.06.008
https://www.ncbi.nlm.nih.gov/pubmed/17686606
https://doi.org/10.1016/j.anndiagpath.2021.151787
https://www.ncbi.nlm.nih.gov/pubmed/34242969
https://doi.org/10.1016/S1470-2045(09)70306-7
https://doi.org/10.1074/mcp.M112.020933
https://www.ncbi.nlm.nih.gov/pubmed/22918226
https://doi.org/10.1016/j.jprot.2009.07.009
https://doi.org/10.1083/jcb.201211138
https://www.ncbi.nlm.nih.gov/pubmed/23420871
https://doi.org/10.1016/j.ceb.2009.03.007
https://www.ncbi.nlm.nih.gov/pubmed/19442504
https://doi.org/10.1038/ncb1596
https://doi.org/10.1038/NATURE15756
https://doi.org/10.3892/or.2016.5066
https://www.ncbi.nlm.nih.gov/pubmed/27599779
https://doi.org/10.1038/srep23978

Cancers 2024, 16, 2028 18 of 20

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

Zhang, Y; Bi, J.; Huang, J.; Tang, Y.; Du, S.; Li, P. Exosome: A review of its classification, isolation techniques, storage, diagnostic
and targeted therapy applications. In International Journal of Nanomedicine; Dove Medical Press Ltd.: London, UK, 2020; Volume 15,
pp. 6917-6934. [CrossRef]

Steuer, C.E.; El-Deiry, M.; Parks, ].R.; Higgins, K.A.; Saba, N.F. An Update on Larynx Cancer. CA Cancer ]. Clin. 2017, 67, 31-50.
[CrossRef]

Mueller, S.K.; Nocera, A.L.; Dillon, S.T.; Gu, X.; Wendler, O.; Otu, H.H.; Libermann, T.A.; Bleier, B.S. Noninvasive Exosomal
Proteomic Biosignatures, Including Cystatin SN, Peroxiredoxin-5, and Glycoprotein VI, Accurately Predict Chronic Rhinosinusitis
with Nasal Polyps. Int. Forum Allergy Rhinol. 2019, 9, 177-186. [CrossRef]

Tamura, K.; Yoshie, M.; Hashimoto, K.; Tachikawa, E. Inhibitory Effect of Insulin-like Growth Factor-Binding Protein-7 (IGFBP7)
on in Vitro Angiogenesis of Vascular Endothelial Cells in the Rat Corpus Luteum. J. Reprod. Dev. 2014, 60, 447-453. [CrossRef]
[PubMed]

Li, Y; Xi, Y,; Zhu, G,; Jia, ].; Huang, H.; Liu, Y.; Guo, Y.; Liu, L. Downregulated IGFBP7 Facilitates Liver Metastasis by Modulating
Epithelial-mesenchymal Transition in Colon Cancer. Oncol. Rep. 2019, 42, 1935-1945. [CrossRef] [PubMed]

Zhong, Y; Lin, Z,; Lin, X.; Lu, J.; Wang, N.; Huang, S.; Wang, Y.; Zhu, Y.; Shen, Y.; Jiang, J.; et al. IGFBP7 Contributes to
Epithelial-Mesenchymal Transition of HPAEpiC Cells in Response to Radiation. J. Cell Biochem. 2019, 120, 12500-12507. [CrossRef]
Cai, X.; Wang, L.; Wang, X.; Hou, F. Silence of IGFBP7 Suppresses Apoptosis and Epithelial Mesenchymal Transformation of High
Glucose Induced-Podocytes. Exp. Ther. Med. 2018, 16, 1095-1102. [CrossRef] [PubMed]

Oh, Y.; Nagalla, S.R.; Yamanaka, Y.; Kim, H.S.; Wilson, E.; Rosenfeld, R.G. Synthesis and Characterization of Insulin-like Growth
Factor-Binding Protein (IGFBP)-7: Recombinant Human Mac25 Protein Specifically Binds IGF-I and -II. J. Biol. Chem. 1996, 271,
30322-30325. [CrossRef]

Smith, E.; Ruszkiewicz, A.R.; Jamieson, G.G.; Drew, P.A. IGFBP7 Is Associated with Poor Prognosis in Oesophageal Adenocarci-
noma and Is Regulated by Promoter DNA Methylation. Br. J. Cancer 2014, 110, 775-782. [CrossRef]

Zhao, Q.; Zhao, R.; Song, C.; Wang, H.; Rong, J.; Wang, E; Yan, L.; Song, Y.; Xie, Y. Increased IGFBP7 Expression Correlates with
Poor Prognosis and Immune Infiltration in Gastric Cancer. |. Cancer 2021, 12, 1343-1355. [CrossRef]

Huang, X.; Hong, C.; Peng, Y.; Yang, S.; Huang, L.; Liu, C.; Chen, L.; Chu, L.; Xu, L.; Xu, Y. The Diagnostic Value of Serum IGFBP7
in Patients with Esophageal Squamous Cell Carcinoma. J. Cancer 2019, 10, 2687-2693. [CrossRef]

Chen, D.; Yoo, B.K.; Santhekadur, P.K.; Gredler, R.; Bhutia, S.K.; Das, S.K.; Fuller, C.; Su, Z.Z.; Fisher, P.B.; Sarkar, D. Insulin-like
Growth Factor-Binding Protein-7 Functions as a Potential Tumor Suppressor in Hepatocellular Carcinoma. Clin. Cancer Res. 2011,
17, 6693-6701. [CrossRef]

Chen, Y,; Cui, T.; Knosel, T.; Yang, L.; Zoller, K.; Petersen, I. IGFBP7 Is a P53 Target Gene Inactivated in Human Lung Cancer by
DNA Hypermethylation. Lung Cancer 2011, 73, 38—44. [CrossRef] [PubMed]

Okamura, ].; Huang, Y.; Moon, D.; Brait, M.; Chang, X.; Kim, M.S. Downregulation of Insulin-like Growth Factorbinding Protein 7
in Cisplatin-Resistant Non-Small Cell Lung Cancer. Cancer Biol. Ther. 2012, 13, 148-155. [CrossRef] [PubMed]

Chen, Y.; Pacyna-Gengelbach, M.; Ye, E; Knosel, T.; Lund, P.; Deutschmann, N.; Schliins, K.; Kotb, WEM.A.; Sers, C.; Yasumoto,
H.; et al. Insulin-like Growth Factor Binding Protein-Related Protein I (IGFBP-RP1) Has Potential Tumour-Suppressive Activity
in Human Lung Cancer. . Pathol. 2007, 211, 431-438. [CrossRef] [PubMed]

Sullivan, L.; Murphy, T.M.; Barrett, C.; Loftus, B.; Thornhill, J.; Lawler, M.; Hollywood, D.; Lynch, T.; Perry, A.S. IGFBP7 Promoter
Methylation and Gene Expression Analysis in Prostate Cancer. J. Urol. 2012, 188, 1354-1360. [CrossRef] [PubMed]

Hwa, V.; Tomasini-sprenger, C.; Bermejo, P.; Rosenfeld, R.G.; Plymate, S.R. Characterization of Insulin-Like Growth Factor-
Binding-Related Protein-1 in Prostate Cells. J. Clin. Endocrinol. Metab. 1998, 83, 4355-4362.

Perretti, M.; D’ Acquisto, F. Annexin Al and Glucocorticoids as Effectors of the Resolution of Inflammation. Nat. Rev. Immunol.
2009, 9, 62-70. [CrossRef]

Raynal, P,; Pollard, H.B. Annexins: The Problem of Assessing the Biological Role for a Gene Family of Multifunctional Calcium-
and Phospholipid-Binding Proteins. BBA Rev. Biomembr. 1994, 1197, 63-93. [CrossRef]

Guo, C.; Liu, S.; Sun, M.Z. Potential Role of Anxal in Cancer. Future Oncol. 2013, 9, 1773-1793. [CrossRef] [PubMed]

Suo, A.; Zhang, M.; Yao, Y.; Zhang, L.; Huang, C.; Nan, K.; Zhang, W. Proteome Analysis of the Effects of Sorafenib on Human
Hepatocellular Carcinoma Cell Line HepG2. Med. Oncol. 2012, 29, 1827-1836. [CrossRef] [PubMed]

Guzman-Aranguez, A.; Olmo, N.; Turnay, J.; Lecona, E.; Pérez-Ramos, P.; Loépez De Silanes, I.; Lizarbe, M. A. Differentiation of
Human Colon Adenocarcinoma Cells Alters the Expression and Intracellular Localization of Annexins Al, A2, and A5. J. Cell
Biochem. 2005, 94, 178-193. [CrossRef] [PubMed]

Duncan, R.; Carpenter, B.; Main, L.C.; Telfer, C.; Murray, G.I. Characterisation and Protein Expression Profiling of Annexins in
Colorectal Cancer. Br. |. Cancer 2008, 98, 426—433. [CrossRef] [PubMed]

Biaoxue, R.; Xiling, J.; Shuanying, Y.; Wei, Z.; Xiguang, C.; Jinsui, W.; Min, Z. Upregulation of Hsp90-Beta and Annexin Al
Correlates with Poor Survival and Lymphatic Metastasis in Lung Cancer Patients. J. Exp. Clin. Cancer Res. 2012, 31, 70. [CrossRef]
[PubMed]

Bai, X.-F; Ni, X.-G.; Zhao, P; Liu, S.-M.; Wang, H.-X.; Guo, B.; Zhou, L.-P; Liu, F; Zhang, ].-S.; Wang, K_; et al. Overexpression
of Annexin 1 in Pancreatic Cancer and Its Clinical Significance. China World |. Gastroenterol. 2004, 10, 1466-1470. [CrossRef]
[PubMed]


https://doi.org/10.2147/IJN.S264498
https://doi.org/10.3322/caac.21386
https://doi.org/10.1002/alr.22226
https://doi.org/10.1262/jrd.2014-069
https://www.ncbi.nlm.nih.gov/pubmed/25212428
https://doi.org/10.3892/or.2019.7303
https://www.ncbi.nlm.nih.gov/pubmed/31545454
https://doi.org/10.1002/jcb.28516
https://doi.org/10.3892/etm.2018.6298
https://www.ncbi.nlm.nih.gov/pubmed/30112052
https://doi.org/10.1074/jbc.271.48.30322
https://doi.org/10.1038/bjc.2013.783
https://doi.org/10.7150/JCA.50370
https://doi.org/10.7150/jca.32393
https://doi.org/10.1158/1078-0432.CCR-10-2774
https://doi.org/10.1016/j.lungcan.2010.10.015
https://www.ncbi.nlm.nih.gov/pubmed/21095038
https://doi.org/10.4161/cbt.13.3.18695
https://www.ncbi.nlm.nih.gov/pubmed/22277373
https://doi.org/10.1002/path.2132
https://www.ncbi.nlm.nih.gov/pubmed/17236181
https://doi.org/10.1016/j.juro.2012.06.002
https://www.ncbi.nlm.nih.gov/pubmed/22906661
https://doi.org/10.1038/NRI2470
https://doi.org/10.1016/0304-4157(94)90019-1
https://doi.org/10.2217/fon.13.114
https://www.ncbi.nlm.nih.gov/pubmed/24156336
https://doi.org/10.1007/s12032-011-0013-y
https://www.ncbi.nlm.nih.gov/pubmed/21735146
https://doi.org/10.1002/jcb.20293
https://www.ncbi.nlm.nih.gov/pubmed/15526283
https://doi.org/10.1038/sj.bjc.6604128
https://www.ncbi.nlm.nih.gov/pubmed/18071363
https://doi.org/10.1186/1756-9966-31-70
https://www.ncbi.nlm.nih.gov/pubmed/22929401
https://doi.org/10.3748/wjg.v10.i10.1466
https://www.ncbi.nlm.nih.gov/pubmed/15133855

Cancers 2024, 16, 2028 19 of 20

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Rondepierre, E; Bouchon, B.; Papon, ].; Bonnet-Duquennoy, M.; Kintossou, R.; Moins, N.; Maublant, J.; Madelmont, J.C.; D'Incan,
M.; Degoul, F. Proteomic Studies of B16 Lines: Involvement of Annexin A1l in Melanoma Dissemination. Biochim. Biophys. Acta
Proteins Proteom. 2009, 1794, 61-69. [CrossRef] [PubMed]

Hummerich, L.; Miiller, R.; Hess, J.; Kokocinski, F.; Hahn, M.; Fiirstenberger, G.; Mauch, C.; Lichter, P.; Angel, P. Identification of
Novel Tumour-Associated Genes Differentially Expressed in the Process of Squamous Cell Cancer Development. Oncogene 2006,
25,111-121. [CrossRef] [PubMed]

Moghanibashi, M.; Jazii, ER.; Soheili, Z.S.; Zare, M.; Karkhane, A.; Parivar, K.; Mohamadynejad, P. Proteomics of a New
Esophageal Cancer Cell Line Established from Persian Patient. Gene 2012, 500, 124-133. [CrossRef]

Han, G.H,; Lu, K]J.; Huang, ] X.; Zhang, L.X.; Dai, S.B.; Dai, C.L. Association of Serum Annexin Al with Treatment Response and
Prognosis in Patients with Esophageal Squamous Cell Carcinoma. . Cancer Res. Ther. 2018, 14, S5667-5674. [CrossRef]

Zhang, L.; Yang, X.; Zhong, L.P.; Zhou, X.J.; Pan, H.Y,; Wei, KJ.; Li, ].; Chen, W.T.; Zhang, Z.Y. Decreased Expression of Annexin
A1l Correlates with Pathologic Differentiation Grade in Oral Squamous Cell Carcinoma. J. Oral Pathol. Med. 2009, 38, 362-370.
[CrossRef]

Huang, T.T.; Chen, ].Y.F; Tseng, C.E.; Su, Y.C.; Ho, H.C; Lee, M.S.; Chang, C.T.; Wong, Y.K.; Chen, H.R. Decreased GRP78 Protein
Expression Is a Potential Prognostic Marker of Oral Squamous Cell Carcinoma in Taiwan. J. Formos. Med. Assoc. 2010, 109,
326-337. [CrossRef]

Wang, L.D.; Yang, Y.H; Liu, Y,; Song, H.T,; Zhang, L.Y,; Li, PL. Decreased Expression of Annexin Al During the Progression of
Cervical Neoplasia. J. Int. Med. Res. 2008, 36, 665-672. [CrossRef] [PubMed]

Santana Gastardelo, T.; Rodrigues Cunha, B.; Sé Rgio Raposo, L.; Maniglia, J.V.; Cury, PM.; Via, E; Lisoni, C.R.; Tajara, H.;
Oliani, S.M. Inflammation and Cancer: Role of Annexin Al and FPR2/ALX in Proliferation and Metastasis in Human Laryngeal
Squamous Cell Carcinoma. PLoS ONE 2014, 9, e111317. [CrossRef] [PubMed]

Alves, V.AE; Nonogaki, S.; Cury, PM.; Wiinsch-Filho, V.; De Carvalho, M.B.; Michaluart, P.; Moyses, R.A.; Curioni, O.A;
Figueiredo, D.L.A.; Scapulatempo-Neto, C.; et al. Annexin Al Subcellular Expression in Laryngeal Squamous Cell Carcinoma.
Histopathology 2008, 53, 715-727. [CrossRef]

Cheng, A.L.; Huang, W.G.; Chen, Z.C; Peng, E; Zhang, P.F; Li, M.Y,; Li, E; Li, ] N.; Li, C; Yi, H.; et al. Identification of Novel
Nasopharyngeal Carcinoma Biomarkers by Laser Capture Microdissection and Proteomic Analysis. Clin. Cancer Res. 2008, 14,
435-445. [CrossRef] [PubMed]

Shen, D.; Chang, H.R.; Chen, Z; He, J.; Lonsberry, V.; Elshimali, Y.; Chia, D.; Seligson, D.; Goodglick, L.; Nelson, S.F; et al. Loss
of Annexin A1l Expression in Human Breast Cancer Detected by Multiple High-Throughput Analyses. Biochem. Biophys. Res.
Commun. 2004, 326, 218-227. [CrossRef]

Deng, S.; Wang, J.; Hou, L.; Li, J.; Chen, G; Jing, B.; Zhang, X.; Yang, Z. Annexin Al, A2, A4 and A5 Play Important Roles in Breast
Cancer, Pancreatic Cancer, and Laryngeal Carcinoma, Alone and/or Synergistically. Oncol. Lett. 2012, 5, 107-112. [CrossRef]
Wu, W,; Tang, X.; Hu, W,; Lotan, R.; Ki Hong, W.; Mao, L. Identification and Validation of Metastasis-Associated Proteins in Head
and Neck Cancer Cell Lines by Two-Dimensional Electrophoresis and Mass Spectrometry. Clin. Exp. Metastasis 2002, 19, 319-326.
[CrossRef]

Garcia Pedrero, ].M.; Fernandez, M.P.; Morgan, R.O.; Herrero Zapatero, A.; Gonzalez, M.V.; Suarez Nieto, C.; Rodrigo, J.P.
Annexin Al Down-Regulation in Head and Neck Cancer Is Associated with Epithelial Differentiation Status. Am. . Pathol. 2004,
164, 73-79. [CrossRef]

Silistino-Souza, R.; Rodrigues-Lisoni, F.C.; Cury, PM.; Maniglia, ].V.; Raposo, L.S.; Tajara, E.H.; Christian, H.C.; Oliani, S.M.
Annexin 1: Differential Expression in Tumor and Mast Cells in Human Larynx Cancer. Int. ]J. Cancer 2007, 120, 2582-2589.
[CrossRef] [PubMed]

Raulf, N.; Lucarelli, P; Thavaraj, S.; Brown, S.; Vicencio, ].M.; Sauter, T.; Tavassoli, M. Annexin Al Regulates EGFR Activity
and Alters EGFR-Containing Tumour-Derived Exosomes in Head and Neck Cancers. Eur. ]. Cancer 2018, 102, 52-68. [CrossRef]
[PubMed]

Suh, Y.E.; Raulf, N.; Géken, J.; Lawler, K.; Urbano, T.G.; Bullenkamp, J.; Gobeil, S.; Huot, J.; Odell, E.; Tavassoli, M. MicroRNA-196a
Promotes an Oncogenic Effect in Head and Neck Cancer Cells by Suppressing Annexin Al and Enhancing Radioresistance. Int. .
Cancer 2015, 137, 1021-1034. [CrossRef] [PubMed]

Alvarez—Teijeiro, S.; Menéndez, S.T.; Villaronga, M.A_; Pena-Alonso, E.; Rodrigo, ].P.; Morgan, R.O.; Granda-Diaz, R.; Salom, C.;
Fernandez, M.P.; Garcia-Pedrero, ]. M. Annexin A1 Down-Regulation in Head and Neck Squamous Cell Carcinoma Is Mediated
via Transcriptional Control with Direct Involvement of MiR-196a/b. Sci. Rep. 2017, 7, 6790. [CrossRef] [PubMed]
Bandeira-Melo, C.; Bonavita, A.G.C.; Diaz, B.L.; E Silva, PM.R.; Carvalho, V.E; Jose, PJ.; Flower, R.].; Perretti, M.; Martins, M.A. A
Novel Effect for Annexin 1-Derived Peptide Ac2-26: Reduction of Allergic Inflammation in the Rat. J. Pharmacol. Exp. Ther. 2005,
313, 1416-1422. [CrossRef] [PubMed]

Oliani, S.M.; Christian, H.C.; Manston, J.; Flower, R.J.; Perretti, M. An Immunocytochemical and In Situ Hybridization Analysis of
Annexin 1 Expression in Rat Mast Cells: Modulation by Inflammation and Dexamethasone. Lab. Investig. 2000, 80, 1429-1438.
[CrossRef] [PubMed]

Lisowska, A.; Szyszkowska, A.; Knapp, M.; Lapiriska, M.; Kondraciuk, M.; Kamiriska, I.; Hryszko, T.; Ptaszyriska-Kopczyriska, K.;
Kaminski, K. IGFBP7 Concentration May Reflect Subclinical Myocardial Damage and Kidney Function in Patients with Stable
Ischemic Heart Disease. Biomolecules 2022, 12, 274. [CrossRef]


https://doi.org/10.1016/j.bbapap.2008.09.014
https://www.ncbi.nlm.nih.gov/pubmed/18952200
https://doi.org/10.1038/sj.onc.1209016
https://www.ncbi.nlm.nih.gov/pubmed/16247483
https://doi.org/10.1016/j.gene.2012.03.038
https://doi.org/10.4103/0973-1482.187297
https://doi.org/10.1111/j.1600-0714.2008.00678.x
https://doi.org/10.1016/S0929-6646(10)60060-5
https://doi.org/10.1177/147323000803600407
https://www.ncbi.nlm.nih.gov/pubmed/18652761
https://doi.org/10.1371/journal.pone.0111317
https://www.ncbi.nlm.nih.gov/pubmed/25490767
https://doi.org/10.1111/j.1365-2559.2008.03186.x
https://doi.org/10.1158/1078-0432.CCR-07-1215
https://www.ncbi.nlm.nih.gov/pubmed/18223218
https://doi.org/10.1016/j.bbrc.2004.10.214
https://doi.org/10.3892/ol.2012.959
https://doi.org/10.1023/A:1015515119300
https://doi.org/10.1016/S0002-9440(10)63098-2
https://doi.org/10.1002/ijc.22639
https://www.ncbi.nlm.nih.gov/pubmed/17340616
https://doi.org/10.1016/j.ejca.2018.07.123
https://www.ncbi.nlm.nih.gov/pubmed/30142511
https://doi.org/10.1002/ijc.29397
https://www.ncbi.nlm.nih.gov/pubmed/25523631
https://doi.org/10.1038/s41598-017-07169-w
https://www.ncbi.nlm.nih.gov/pubmed/28754915
https://doi.org/10.1124/jpet.104.080473
https://www.ncbi.nlm.nih.gov/pubmed/15784654
https://doi.org/10.1038/labinvest.3780150
https://www.ncbi.nlm.nih.gov/pubmed/11005211
https://doi.org/10.3390/biom12020274

Cancers 2024, 16, 2028 20 of 20

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Ruan, W.; Wu, M;; Shi, L,; Li, E; Dong, L.; Qiu, Y.; Wu, X; Ying, K. Serum levels of IGFBP7 are elevated during acute exacerbation
in COPD patients. Int. |. COPD 2017, 12, 1775-1780. [CrossRef] [PubMed]

Rong, B.; Zhao, C.; Liu, H.; Ming, Z.; Cai, X.; Gao, W.; Yang, S. Elevated Serum Annexin A1 as Potential Diagnostic Marker for
Lung Cancer: A Retrospective Case-Control Study. Am. J. Transl. Res. 2014, 6, 558.

Mueller, S.K.; Nocera, A.L.; Dillon, S.T.; Wu, D.; Libermann, T.A.; Bleier, B.S. Highly Multiplexed Proteomic Analysis Reveals
Significant Tissue and Exosomal Coagulation Pathway Derangement in Chronic Rhinosinusitis with Nasal Polyps. Int. Forum
Allergy Rhinol. 2018, 8, 1438-1444. [CrossRef]

Fu, Z.; Zhang, S.; Wang, B.; Huang, W.; Zheng, L.; Cheng, A. Annexin Al: A Double-Edged Sword as Novel Cancer Biomarker.
Clin. Chim. Acta 2020, 504, 36-42. [CrossRef] [PubMed]

Peers, S.H.; Smillie, F,; Elderfield, A.J.; Flower, R.]. Glucocorticoid-and Non-Glucocorticoid Induction of Lipocortins (Annexins) 1
and 2 in Rat Peritoneal Leucocytes in Vivo. Br. ]. Pharmacol. 1993, 108, 66-72. [CrossRef] [PubMed]

Perretti, M.; Christian, H.; Wheller, S.K.; Aiello, I.; Mugridge, K.G.; Morris, ].F,; Flower, R.J.; Goulding, N.J. Annexin I Is Stored
within Gelatinase Granules of Human Neutrophil and Mobilized on the Cell Surface upon Adhesion but Not Phagocytosis. Cell
Biol. Int. 2000, 24, 163-174. [CrossRef] [PubMed]

Han, G.; Tian, Y.; Duan, B.; Sheng, H.; Gao, H.; Huang, J. Association of Nuclear Annexin Al with Prognosis of Patients with
Esophageal Squamous Cell Carcinoma. Int. J. Clin. Exp. Pathol. 2014, 7, 751. [PubMed]

Lin, C.Y,; Jeng, YM.; Chou, H.Y.; Hsu, H.C.; Yuan, R.H.; Chiang, C.P.; Kuo, M.Y.P. Nuclear Localization of Annexin Al Is a
Prognostic Factor in Oral Squamous Cell Carcinoma. J. Surg. Oncol. 2008, 97, 544-550. [CrossRef] [PubMed]

Liu, Y.; Wang, H.-X; Lu, N.; Mao, Y.-S.; Liu, F; Wang, Y.; Zhang, H.-R.; Wang, K.; Wu, M.; Zhao Yu Liu, X.-H.; et al. Translocation
of Annexin I from Cellular Membrane to the Nuclear Membrane in Human Esophageal Squamous Cell Carcinoma. World .
Gastroenterol. 2003, 9, 645. [CrossRef] [PubMed]

Cheng, T.Y.; Wu, M.S; Lin, J.T.; Lin, M.T,; Shun, C.T.; Huang, H.Y.; Hua, K.T.; Kuo, M.L. Annexin Al Is Associated with
Gastric Cancer Survival and Promotes Gastric Cancer Cell Invasiveness through the Formyl Peptide Receptor/Extracellular
Signal-Regulated Kinase/Integrin Beta-1-Binding Protein 1 Pathway. Cancer 2012, 118, 5757-5767. [CrossRef] [PubMed]

Khau, T.; Langenbach, S.Y.; Schuliga, M.; Harris, T.; Johnstone, C.N.; Anderson, R.L.; Stewart, A.G. Annexin-1 Signals Mitogen-
Stimulated Breast Tumor Cell Proliferation by Activation of the Formyl Peptide Receptors (FPRs) 1 and 2. FASEB J. 2011, 25,
483-496. [CrossRef]

Al-Ali, H.N.; Crichton, S.J.; Fabian, C.; Pepper, C.; Butcher, D.R.; Dempsey, E.C.; Parris, C.N. A Therapeutic Antibody Targeting
Annexin-A1l Inhibits Cancer Cell Growth in Vitro and in Vivo. Oncogene 2024, 43, 608-614. [CrossRef]

Mussunoor, S.; Murray, G.I. The Role of Annexins in Tumour Development and Progression. ]. Pathol. 2008, 216, 131-140.
[CrossRef]

Lebron, 1.d.S.L,; da Silva, L.E,; Paletta, J.T.; da Silva, R.A.; Sant’Ana, M.; Costa, S.d.S.; Iyomasa-Pilon, M.M.; Souza, H.R.; Possebon,
L.; Girol, A.P. Modulation of the endogenous Annexin Al in a cigarette smoke cessation model: Potential therapeutic target in
reversing the damage caused by smoking? Pathol. Res. Pract. 2019, 215, 152614. [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.


https://doi.org/10.2147/COPD.S132652
https://www.ncbi.nlm.nih.gov/pubmed/28684903
https://doi.org/10.1002/alr.22189
https://doi.org/10.1016/j.cca.2020.01.022
https://www.ncbi.nlm.nih.gov/pubmed/32006544
https://doi.org/10.1111/j.1476-5381.1993.tb13441.x
https://www.ncbi.nlm.nih.gov/pubmed/8428216
https://doi.org/10.1006/cbir.1999.0468
https://www.ncbi.nlm.nih.gov/pubmed/10772777
https://www.ncbi.nlm.nih.gov/pubmed/24551299
https://doi.org/10.1002/jso.20992
https://www.ncbi.nlm.nih.gov/pubmed/18297688
https://doi.org/10.3748/wjg.v9.i4.645
https://www.ncbi.nlm.nih.gov/pubmed/12679902
https://doi.org/10.1002/cncr.27565
https://www.ncbi.nlm.nih.gov/pubmed/22736399
https://doi.org/10.1096/fj.09-154096
https://doi.org/10.1038/s41388-023-02919-9
https://doi.org/10.1002/path.2400
https://doi.org/10.1016/j.prp.2019.152614
https://www.ncbi.nlm.nih.gov/pubmed/31500927

	Introduction 
	Methods and Materials 
	Patients 
	Three-Step Study Design 
	Serum Collection 
	Serum Pool Groups 
	Exosome Purification from Serum 
	Multiplexed Proteomic Array of Serum Pool Exosomes 
	Validation of Selected Proteomic Results by Enzyme-Linked-Immunosorbent-Assay (ELISA) 
	Analysis of IGFBP7 and ANXA1 in Tissue 

	Statistical Analysis 

	Results 
	Demographics 
	Identification of IGFBP7 and Annexin A1 as Promising Differentially Expressed Exosomal Proteins Using a Highly Multiplexed Proteomic Array Analysis 
	Identification and Validation Cohort Show Matching Results for IGFBP7 and Annexin A1 
	Analysis of IGFBP7 and ANXA1 in Tissue 
	Immunohistochemical Patterns for IGFBP7 and Annexin A1 
	Validation of Proteomic Results Using Western Blots 


	Discussion 
	Tissue Results for IGFBP7 and ANXA1 
	ELISA Results for IGFBP7 Matching Previous Findings in LSCC 
	Potential Influence of Comorbidities on IGFBP7 Expression 
	ELISA Results of ANXA1 Show Opposing Data for Exosomes and Serum 
	Differences in ANXA1 Expression between Exosomes and Serum 
	Limitations 

	Conclusions 
	References

