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ABSTRACT

Objective: The purpose of this study was to explore the composition of tumor-infiltrating immune cells
(TIIC) and prognostic significance of tumor-infiltrating mast cells (TIMC) in adrenocortical carcinoma (ACC).
Methods: The gene expression profiles of ACC were downloaded from the Cancer Genome Atlas (TCGA)
and Gene Expression Omnibus (GSE90713, GSE12368). The abundance of TIICs in ACC samples was
calculated by CIBERSORT algorithm and immunohistochemistry was used to identify mast cells of 39
tumor samples from Fudan University Shanghai Cancer Center (FUSCC). Differentially expressed genes
(DEGs) were analyzed by LIMMA package using R software. Survival analysis was analyzed by Kaplan-Meier
method and Cox regression models.

Results: The abundance of mast cells (p = .008) was positively correlated with ACC patients’ outcome in
TCGA cohort and was also positively correlated with both overall survival (p < .05) and progression-free
survival (p < .05) in FUSCC cohort. Different TIMC infiltrations showed significant changes in signaling
pathways including DNA replication, nuclear chromosome segregation, and meiotic cell cycle process of
ACC. In addition, elevated expression of eight hub genes (KIF18A, CDCAS8, SKA1, CEP55, BUB1, CDK1,
SGOL1, SGOL2) related to the abundance of TIMC in ACC was significantly correlated with the poor
prognosis of the patients.

Conclusion: In conclusion, higher TIMC infiltration was positively correlated with ACC patients’ outcome
in both TCGA and FUSCC cohort. Lower TIMC infiltration and elevated expression of hub genes (KIF18A,
CDCA8, SKA1, CEP55, BUBT, CDK1, SGOL1, SGOL2) are markedly correlated with aggressive progression and
poor prognosis, which might shed lights on novel targets for treatment strategies.
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Introduction immune microenvironment plays an important role in the

occurrence and progression of cancer and can greatly affect
the effect of immunotherapy.® Therefore, it is of great signifi-
cance to evaluate tumor immune microenvironment and
investigate major promotion to cancer aggressive progression
and unfavorable prognosis of ACC.

In the past few decades, more and more evidences show

Adrenocortical carcinoma (ACC) is a very rare endocrine
malignancy, the Surveillance, Epidemiology, and End
Results (SEER) database estimates that the annual incidence
rate is about 0.72 per million cases, resulting in 0.2% of all
cancer deaths in the United States." Due to difficulties in early
diagnosis of ACC, most patients have appeared metastasis at

first diagnosis, and thus leading to few opportunities for
surgery and extremely poor prognosis.” At present, mitotane
remains the only nemesis approved by the U.S. Food and
Drug Administration for ACC treatment,” and high-risk
ACC patients can only be treated with mitotane alone or in
combination with cytotoxic drugs, while these treatments
could merely bring them limited survival benefits.* In recent
years, management of immune microenvironment and
immunotherapy development has made a great breakthrough
in many cancers, including melanoma, clear cell renal cell
carcinoma, non-small cell lung cancer, etc.>® Hence, future
progress and opportunities in immunotherapy may be able to
bring novel treatment managements of ACC.” Tumor

that the malignant phenotype of tumor is determined by the
inherent activity of tumor cells and the complex interaction of
various cell types in the tumor microenvironment (TME),
especially the tumor-infiltrating immune cells (TIICs).”"°
There is a rising awareness that TIICs can interact with the
tumor cells, change the tumor immune microenvironment,
and even affect the management of cancer.'"'> Ren et al."”
reported that the interaction between stromal cells and
epithelial cells affects the progression of pancreatic cancer
and Bingle L et al."* reported that tumor-related macrophage
infiltration has a negative effect on the prognosis of patients
with breast and bladder cancer. However, the role TIICs play
in ACC remains blurred and it needs to be further studied.
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Mast cell is a kind of granulocyte immune cell, which exists
in tissues exposed to the external environment. Current studies
revealed that the function of tumor-infiltrating mast cell
(TIMC) varies greatly with the type of tumor. For instance,
Rajput AB et al’> found that matrix-infiltrating mast cells
suggest a good prognosis for invasive breast cancer. While
Imada A et al." claimed that stromal mast cells correlate with
angiogenesis and poor outcome in stage I lung
adenocarcinoma.

To investigate the differential infiltration amplification of
TIICs and elucidate their potential prognostic value in ACC
patients, we measured TIICs of ACC by CIBERSORT algo-
rithm and constructed interaction networks of differentially
expressed genes (DEGs) by LIMMA package using
R software. We hypothesized that the possible carcinogenic
activity of TIMC may impact multiple hallmarks related to
tumor development and lead to poor prognosis of ACC.
These findings may reveal potential therapeutic targets and
provide insights into the molecular mechanisms of ACC
microenvironment.

Materials and methods
An overview of this work

In this work, we firstly used CIBERSRT algorithm to eval-
uate the microenvironment of 79 ACC in TCGA cohort.
Then, survival analyses were applied to identify the prog-
nostic value of tumor-infiltrating immune cells (TIICs), and
tumor-infiltrating mast cells (TIMCs) were found positively
correlated with patients’ overall survival. In the next step,
GSE90713, GSE12368 and FUSCC cohort were used to
identify TIMC’s role in microenvironment and prognostic
value as external validation. Finally, correlation analysis was
applied to evaluate the relationship between TIMCs and
other kinds of TIICs. Gene set enrichment analysis and
identification of differentially expressed genes were used
to explore potential mechanism behind TIMC’s positive
prognostic value. A flow chart is drawn in Supplementary
figure 1.

Evaluation of TIICs in ACC

The Gene expression profiles and clinical information of
patients with ACC were downloaded from the Cancer
Genome Atlas (TCGA). Clinical information and transcrip-
tome data are combined into a matrix. The CIBERSORT"”
analysis tool is a deconvolution algorithm that uses a set of
barcode gene expression values (corresponding to
a “signature matrix” of 547 genes) to accurately determine
the composition of immune cells in tumor sample data. The
expression profile was normalized and R software was used
to run the CIBERSORT algorithm with the number of
permutations was set to 100 to explore the proportion of
22 kinds of TIICs in ACC samples. The bar chart and heat
map were drawn to show the composition of TIICs of each
sample; correlations between TIICs’ abundance were dis-
cussed and a heat map was drawn to display the correlation
between cells using pheatmap package.'® TIMC abundance

was equal to the sum of abundance of mast cell resting and
mast cell activated.

Survival analysis of TIICs abundance of ACC

After calculating the TIICs’ abundance, we sought to identify
whether the kinds of TIICs have prognostic value. Clinical
information of patients and TIICs” abundance data are com-
bined into a matrix. According to the median of TIICs abun-
dance, the samples were divided into high abundance group
and low abundance group. R software was applied to draw
survival curves to visualize the impact of TIICs’ abundance
on patients’ overall survival using survival package.'” TIICs
with prognostic value were included in the multivariate Cox
regression analysis.

Evaluating microenvironment of ACC and normal tissues
from Gene Expression Omnibus (GEO) data sets

The p value of TIMC is the smallest in multivariate Cox
regression analysis, so we aim to explore the impact of
TIMC on ACC microenvironment in other cohorts. Two
chip datasets GSE90713 and GSE12368 were downloaded
from GEO (Affymetrix GPL15207 platform, Affymetrix
GPL570 platform, respectively). The corresponding genes
transformed into a probe were converted into a symbol
according to the annotation information on the platform.
CIBERSORT was applied to evaluate the microenvironment
of ACC and normal tissues.

Validation of TIMCs’ prognostic significance in Fudan
university Shanghai cancer center cohort

To further validate TIMCs’ prognostic significance, real-
world data were also collected from our institute. This
study included 39 ACC patients who underwent surgical
treatment from Fudan University Shanghai Cancer Center
(FUSCC) between 2013 and 2019, and tumor specimens
were obtained with informed consent. Anti-tryptase mono-
clonal antibody (Ab2378, diluted 1:10,000; Abcam) was
used to identify mast cells using immunohistochemistry
(IHC). The positive or negative staining was evaluated by
two experienced pathologists and determined as follows.
The overall IHC score from 0 to 12 was evaluated accord-
ing to the multiplying of the staining intensity and extent
score, as previously described.”” The IHC scores 0-3, 4-12
are defined as low TIMC group and high TIMC group.
Scatter diagram was drawn to explore the correlations
between TIMC abundance with phenotype, and Kaplan-
Meier method was applied to validate TIMC’s prognostic
significance by comparing two groups survival rates.

Impact of TIMC on ACC microenvironment

Correlation analysis, Gene set enrichment analysis (GSEA),
and differential gene expression analysis were applied to
explore potential mechanism behind TIMC’s positive prognos-
tic value. According to the median value of TIMC abundance,
ACC samples were divided into high TIMC group and low
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Figure 1. CIBERSRT algorithm was used to evaluate the microenvironment of 79 ACC in TCGA cohort. (a-b) The abundance of TIICs in each sample is different and it can
also be found that most of the TIICs in ACC are T cells, natural killer cells, macrophages, etc. (c) Different kinds of TIICs in ACC can interact with each other. For example,
T cells CD8 is positively correlated with macrophages M1 (Correlation coefficient = 0.48) and T cells CD4 memory activated is positively correlated with B cells memory

(Correlation coefficient = 0.48).

TIMC group. To investigate the impact of TIMC on ACC
microenvironment, other types of TIICs’ abundance in two
groups were calculated and illustrated. Correlation analysis
was applied, and Spearman’rho and p values were calculated
to confirm the relationship between TIMC and other kinds of
TIICs. GSEA was used to explore the potential involved signal
pathways of ACC microenvironment.

Identification of differentially expressed genes (DEGs)
related to TIMC

The limma package® was used to analyze the data (adjusted
p-value < 0.05 and fold change of at least 2x) and volcano map
was drawn. In the high TIMC group, the genes with increased
expression were marked with red, and the genes with decreased
expression were marked with blue. Heat map was drawn accord-
ing to the expression matrix of the samples to show the difference
of gene expression between the two groups. Biological character-
istics, such as biological process (BP), molecular functional (MF)
and cellular component (CC), were extracted from gene ontology
(GO)** enrichment analysis to determine the role of DEGs in
ACC. The pathways associated with DEGs were explored by
searching the Kyoto Encyclopedia of Genome and Genome
(KEGG)* which is a database resource for understanding
advanced functions and biological systems from large-scale mole-
cular data generated by high-throughput experimental techni-
ques. Functional enrichment analyses were completed by using
ClusterProfiler package.**

Further screening, identification and functional
enrichment analysis on DEGs

To find the most important genes which exert subtle impact on
TIMC abundance, it is necessary to further screen the DEGs.
DEGs were uploaded to the Search Tool for the Retrieval of
Interacting Genes (STRING; http://string-db.org) (version
10.0) online database to predict protein-protein interaction
(PPI) networks of DEGs and analyze the functional interac-
tions between proteins. This may help to further understand
the potential mechanism of the occurrence and development of
ACC. Cytoscape (version 3.5)*° is an open-source

bioinformatics software platform for visualizing molecular
interaction networks. MCODE (version 1.4.2),” a Cytoscape
plug-in, was used to find the most significant hub genes with
MCODE Score>5. According to the expression level of the
screened hub genes in the high and low TIMC group, the
scatter plot was drawn using R, and functional enrichment
analyses were carried out.

Survival analysis and functional annotations of hub genes
associated with TIMC

Survival analysis and functional annotations of hub genes
associated with TIMC were carried out to find potential
therapeutic targets. According to the expression level of hub
genes, the samples were divided into high expression group
and low expression group, and Kaplan-Meier method was
applied to evaluate the prognostic value of hub genes. The
age, sex, pTNM stage, clinical stage, and expression level of
hub genes were brought into the univariate regression analy-
sis to find out the factors related to the prognosis of patients.
While multivariate Cox regression models, including com-
mon prognostic factors (pTNM stage, clinical stage) and
expression level of hub genes, were also established to find
independent prognostic variables.

Flow cytometry

Flow cytometry (FCM) was used to detect CD8'T and
CD4'T cells frequency of CD45" cells in low and high TIMC
samples. Then, some molecules were also detected (IFN-y, IL-
22,IL-17A, IL-4 reveal CD4'T cells’ plasticity and IFN-y, TNF-
a, GZMB, PRF1, Ki-67 act as CD8"T cells’ effector molecules).
Fresh ACC tissues were obtained from tissue bank of Fudan
University Shanghai Cancer Center. Staining of molecules was
established by using Fixation/Permeabilization Solution Kit
according to the manufacturer’s instructions. The stained
cells were washed and re-suspended in the cell staining buffer.
FCM was analyzed by BD Celesta and FlowJo software (Tree
Star). All the FCM antibodies and reagents are summarized in
Supplementary table 2.
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Results
Profile of TIICs in ACC microenvironment

According to CIBERSORT algorithm, the proportion of 22 types
of TIICs in 79 cases of ACC was calculated and displayed by bar
chart. As depicted in Figure la-b, the abundance of TIICs in each
sample is different, and T cells, natural killer cells, macrophages
account for most of the TIICs in ACC microenvironment.
Additionally, TIICs infiltration levels show strong correlation
with each other in ACC microenvironment (Figure 1c). For
example, T cells CD8 is positively correlated with macrophages
M1 (Correlation coefficient = 0.48) and T cells CD4 memory
activated is positively correlated with B cells memory
(Correlation coefficient = 0.48)

T cells follicular helper level === high == low

The prognostic value of TIICs in ACC samples

The samples were divided into high abundance group and low
abundance group according to the median of each type of TIICs
and survival analysis was carried out. As depicted in Figure 2a-e,
the abundance of T cells follicular helper (p = .003), macrophages
MO (p = .015) were significantly correlated with poor prognosis of
ACC. While the abundance of mast cells (p = .008), B cells naive
(p = .031) and monocytes (p = .044) were positively associated
with patient outcome. Multivariate Cox regression analysis
(Table 1) suggested that mast cells were mostly correlated with
patients’” outcome with smallest p value (p = .007). Survival curves
of TIICs with no significant prognostic value are shown in
Supplementary Figure 2.
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Figure 2. Survival analyses were applied to identify the prognostic value of tumor-infiltrating immune cells (TIICs). (a-e) The abundance of T cells follicular helper
(p =.003), macrophages MO (p = .015) was significantly correlated with poor prognosis of ACC. While the abundance of mast cells (p = .008), B cells naive (p =.031) and

monocytes (p = .044) was positively associated with patient outcome.
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Table 1. Multivariate Cox regression analysis of Tumor-infiltrating immune cells.

Tumor infiltrating immune cells HR pvalue
B cells naive 0.003(0-6.240) 0.134
Monocytes 0.005(0-6.057) 0.144
Macrophages M0 116.551(1.413-9616.049) 0.035
Mast cells 0(0-0.007) 0.007

Microenvironment of ACC and normal tissues from Gene
Expression Omnibus (GEO) data sets

As is depicted in Figure 3, the abundance of TIICs varies from
sample to sample and TIMC abundance of normal samples is
higher than that of tumor tissues in both GSE90713 and
GSE12368. Survival analysis cannot be done due to the lack
of survival information.

Prognostic significance of TIMC in FUSCC cohort

Clinicopathological characteristics in relation to TIMC infiltra-
tion status of 39 ACC patients (Fudan University Shanghai
Cancer Center cohort) are listed in Table 2. Low and high
magnification views of two groups’ TIMCs are shown in Figure
4a. Higher TIMCs’ abundance was correlated with lower AJCC
stage, pT stage, pN stage, pM stage and samples presenting
necrosis showed higher TIMCs (Figure 4b-c). In Figure 4d,
higher TIMCs’ infiltration was positively correlated with both
overall survival (p < .05) and progression-free survival (p < .05).
In samples which did not present necrosis (Figure 4e), higher
TIMCs’ infiltration was still positively correlated with both over-
all survival (p < .05) and progression-free survival (p < .05).

Microenvironmental changes caused by differential TIMC
levels on ACC

Other TIICs’ abundance was different between two groups when
the samples were stratified with the median TIMC abundance
(Figure 5a). As shown in Figure 5b, there is a positive association

100% —

between Macrophage M2 and mast cells (Spearman’rho = 0.334,
p = .003). While B cells naive, Monocytes, T cells follicular
helper, Dendritic cells activated and T cells CD4 memory acti-

vated are negatively correlated with mast cells
(Spearman’tho = -0.329, p = .003; Spearman’rho = —-0.321
p = .004 Spearman’tho = -0289, p = .010;
Spearman’tho = -0.262, p = .020; Spearman’tho = —0.239,

p = .034). GSEA was applied to explore the possible cellular
explanations of the microenvironmental change and there was
a significant difference in gene expression between two groups
(Figure 5d). As is depicted in Figure 5e-g, gene expression was
significantly enriched in DNA replication, nuclear chromosome
segregation, and meiotic cell cycle process in the low TIMC
group (Top 20 enriched pathway were listed in Figure 5c¢).
These possible functions are closely associated with activation
and proliferation of various immune cells and can cause changes
in the abundance of TIICs.

Identification and functional enrichment analysis of DEGs
related to TIMC

As shown in the volcanic map, expression of 88 genes
decreased and 16 genes increased in the high TIMC group
(Figure 6a). The expression level of the 104 genes is differ-
ent between two groups (Figure 6b), and these genes
are associated with sister chromatid segregation, sister
chromatid cohesion, cell cycle, p53, signaling pathway, etc.
(Figure 6¢c-d).
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Table 2. Clinicopathological characteristics in relation to TIMC infiltration status of 39 ACC patients
(Fudan University Shanghai Cancer Center cohort).

TIMC infiltration

Entire cohort IHC (0-3) IHC (4-12)

Characteristics (N=139) (N =22) (N=17) X2 p value

N (%)

Age 0.03 0.86
<70 years 34 (87.2) 19 (86.4) 15 (88.2)
270 years 5(12.8) 3(13.6) 2(11.8)

Gender 0.22 0.64
Male 19 (48.7) 10 (45.5) 9 (52.9)

Female 20 (51.3) 12 (54.5) 8 (47.1)

AJCC stage 6.88 <0.01
-1l 14 (35.9) 4(18.2) 10 (58.8)
-1V 25 (64.1) 18 (81.8) 7 (41.2)

T staget 217 0.14
T -T2 20 (51.3) 9 (40.9) 11 (64.7)
T3-T4 19 (48.7) 13 (59.1) 6 (35.3)

N staget 9.29 <0.01
NO 19 (48.7) 6 (27.3) 13 (76.5)
N1 20 (51.3) 16 (72.7) 4(23.5)

M staget 9.85 <0.01
Mo 21 (53.8) 7 (31.8) 14 (82.4)
M1 18 (46.2) 15 (68.2) 3(17.6)

Necrosis 6.88 <0.01
Present 25 (64.1) 18 (81.8) 7 (41.2)
Absent 14 (35.9) 4(18.2) 10 (58.8)

t TNM scoring system: Tumor size, Lymph Nodes affected, Metastases. AJCC, American Joint
Committee on Cancer.
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Figure 4. Validating TIMC's positive prognostic value in Fudan University Shanghai Cancer Center (FUSCC) cohort. (a) Low and high magnification views of two groups’
TIMCs. (b-c) Higher TIMCs abundance was correlated with lower AJCC stage, pT stage, pN stage, pM stage, and samples presenting necrosis showed higher TIMCs. (d)
Higher TIMCs infiltration was positively correlated with both overall survival (p < .05) and progression-free survival (p < .05). (e) In samples which did not present
necrosis, higher TIMCs infiltration was still positively correlated with both overall survival (p < .05) and progression-free survival (p < .05).
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Figure 5. Correlation analysis and Gene set enrichment analysis (GSEA) were applied to explore microenvironmental changes caused by TIMC and potential mechanism
behind TIMC's positive prognostic value. (a) Other TIICs abundance was different between two groups When the samples were stratified with the median TIMC
abundance. (b) There is a positive association between Macrophage M2 and mast cells (Spearman’rho = 0.334, p = .003). While B cells naive, monocytes, T cells follicular
helper, Dendritic cells activated and T cells CD4 memory activated are negatively correlated with mast cells (Spearman’rho = —0.329, p = .003; Spearman’rho = —0.321
p =.004; Spearman’rho = —0.289, p = .010; Spearman’rho = —0.262, p = .020; Spearman’rho = —0.239, p = .034). (c) Top 20 enriched pathway. (d) There was a significant
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cell cycle process in the low TIMC group.

Screening and functional annotations of hub genes cluster, including KIF18A, CDCAS8, SKA1l, CEP55, BUBI,

The PPI network among all DEGs was constructed with inter-
acted specificity score equal to 0.4 (Figure 7a). The most
relevant protein interaction group was selected as hub genes

CDK1, SGOL1, SGOL2 (Figure 7b). As shown in Figure 7c,
expression of the hub genes was significantly decreased in the
high TIMC group compared with low TIMC group (p < .001).
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Functional enrichment analysis showed that the hub genes
were mainly enriched in chromosome segregation, chromo-
some region, and cell cycle (Figure 7d-e).

Survival analysis of hub genes in ACC

As depicted in Figure 8, the overexpression of hub genes
associated with TIMCs abundance is significantly correlated
with poor prognosis in ACC patients (p < .05). Univariate Cox
regression model suggested that pTstage, pMstage, clinical
stage, and expression of hub genes were significantly correlated
with prognosis in (p < .001; Figure 9a). In the multivariate Cox
regression models (Figure 9b-i), the expression of hub genes
was still significantly correlated with prognosis in ACC
patients (p < .05).

Mast cell infiltration may exert favorable influence on
plasticity of CD8 + T and CD4 + T cells

FCM validated that both CD8 + T and CD4 + T cells’ abun-
dance was significantly higher in high TIMC group
(Supplementary figure 3A). As is shown in Supplementary
figure 3B, IL-4 of CD4 + T cells was significantly higher in
high TIMC group. PRF1 and Ki-67 of CD8 + T cells also

elevated significantly in high TIMC group (Supplementary
figure 3 C). These findings implied that TIMC might poten-
tially promote the accumulation of both CD8 + T and CD4 + T
cells and enhanced their plasticity. And this might partly
explain that TIMC infiltration act as a favorable prognostic
factor.

Discussion

Tumor microenvironment plays an important role in the
occurrence and development of cancer. It is composed of
various immune cells, cancer-related fibroblasts, and endothe-
lial cells,”® and the interaction between these cells also involves
kinds of chemokines, cytokin3es, angiogenic mediators,
growth factors, and so on.>® Recent evidences suggest that the
influence of TIICs is a double-edged sword in cancer,”® and
mast cells, T cells follicular helper, macrophages, B cells,
monocytes>' * have been found to have independent prognos-
tic significance in different tumors. In this study, we also found
that these types of TIICs are significantly associated with the
prognosis of ACC patients, which suggests that the tumorigen-
esis and progression of ACC are closely related to the TME and
shed light on the future research direction.



ONCOIMMUNOLOGY 9

KIF18A
SKA1 SGOL1
CDK1
gheat \ SGOL2
EP
GERoB BUBH
c d
60 » 30° .
5, 5 F 5
H g 7 20
g § g 2
iz o £ : Z1o
H £ £ ]
High TIMC Low TIMC High TIMC Low TIMC High TIMC Low TIMC High TIMC Low TIMC
KIF18A CDCA8 SKA1 CEP55
e f g h
1 1 ] y ]
40 . .
10 . - B . 4 . R
b H 34
: : { {
2 20 5 2 .
x @ @ 2
o s ” et 01 X
High TIMC. Low TIMC High TIMC Low TIMC High TIMC Low TiMC o High TIMC Low TIMC
BUB1 CDK1 SGoL1 SGOL2

chromasome segregation |
mitatic sister chromatid segregation |

sister chromatid segregation «

nuclear chromosorme segregation |

mitotic nuclear division |

mitotic metaphase plate congression
metaphase plate congression |

nuclear division |

establishment of chromosome localization {
chromosome localization {

chromosomal region |
chromosome, centromeric region {

spindle microtubule |

spindie +

mitotic spindle

Kinetochore |

condensed chromosome auter kinetachore |
midbody |

spindle midzone |

intercellular bridge |

microtubule binding |

tubulin binding |

histone kinase activity |

microtubule plus-end binding {

RNA polymerase Il CTD heptapeptide repeat kinase activity
protein serine/threonine kinase activity |

ATP-dependent microtubule motor activity, plus-end-directed |
i protein K ctivity |

cyalin binding {

cyclin-dependent protein kinase activty{

~
©

Oocyte meiosis

Progesterone-mediated oocyte maturation

Cell cycle.

p.adjust p.adjust

p53 signaling pathway
005 o
010 o

oK Gap junction: 00¢

0020

Cellular senescence |

Viral carcinogenesis {

Human immunodeficiency virus 1 infection
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genes decreased in the high TIMC group compared with the low TIMC group. (d-e) Functional enrichment analysis showed that the hub genes were mainly enriched in

chromosome segregation, chromosome region, and cell cycle.

Because of the great variability in the type, grade, or
stage of tumor and the distribution of mast cells, it is
difficult to clearly define the function of TIMC as pro- or
anti-tumorigenic. Current studies revealed that mast cells
can mobilize and regulate the activity of T cells, regulatory
T cells, and antigen-presenting cells (APC) through soluble
media or cell-cell contact.’® In addition to inflammatory
effects, mast cells are also thought to synthesize and release
effective angiogenic factors, such as VEGF.’® Many studies
have shown that TIMC may be related to tumor microves-
sels density and promote tumor angiogenesis.”” This study

found that TIMC abundance is a favorable prognostic fac-
tor in ACC, while the change of TIMC abundance is
accompanied by a wide range of other types of TIICs’
abundance changes which may suggest that TIMC does
play a key role in the TME of ACC. In FUSCC cohort,
we also found that higher TIMC infiltration was positively
correlated with both overall survival and progression-free
survival. Thus, TIMC may be a potential therapeutic target.
Previous studies have found that cell cycle and chromo-
some aberration are very important in ACC
tumorigenesis.”® GSEA results show that genes related to
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Figure 8. The overexpression of hub genes associated with TIMCs abundance in ACC is significantly associated with poor prognosis.

cell cycle and chromosome replication are enriched in low
TIMC group, indicating that the activation of mast cells is
also regulated by them.

In view of the breakthrough progress of immunotherapy
in cancer in recent years, whether immunotherapy can be
applied to ACC is a problem to be solved.” The response to
immunotherapy usually depends on the interaction between
tumor cells and TME, *? so it is of great significance to
explore the composition of ACC microenvironment. This
study found that there is a significant correlation between
TIMC and a variety of TIICs (Macrophage M2,B cells
naive, monocytes, T cells follicular helper, Dendritic cells
activated and T cells CD4 memory activated) in ACC
microenvironment; TIMC can be used as a potential target,
which may be beneficial to ACC immunotherapy. We also
found that hub genes (KIF18A, CDCAS8, SKAI, CEP55,
BUBI1, CDK1, SGOL1, SGOL2) related to TIMC have inde-
pendent prognostic significance. These eight genes may be

used as biomarkers for diagnosis and prognosis and are
expected to provide new potential targets for treatment.
Thus, our research has some limitations. The main thing is
the retrospective design of our study. Multicenter prospective
studies are needed to verify the conclusions. However, because
of the rarity of tumor, it is very difficult to carry out rando-
mized controlled study in ACC. In addition, there is an urgent
need to conduct in vitro and in vivo experiments to reveal the
underlying mechanism of mast cell infiltration in ACC.

Conclusion

In conclusion, types of TIICs abundance significantly corre-
lated with the prognosis of ACC. Lower TIMC infiltration and
elevated expression of hub genes (KIF18A, CDCAS8, SKAI,
CEP55, BUBI, CDKI1, SGOL1, SGOL2) markedly correlated
with aggressive progression and poor prognosis, which might
shed lights on novel targets for treatment strategies.
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Figure 9. The expression of hub genes was significantly correlated with prognosis in both univariate and multivariate cox regression. (a) pTstage, pMstage, clinical stage,
and expression of hub genes were significantly correlated with prognosis in univariate regression model (p < .001). (b-i) In the multivariate cox regression models, the

expression of hub genes was still significantly correlated with prognosis (p < .05).
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