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ARTICLE INFO ABSTRACT

Keywords: Head and neck squamous cell carcinomas (HNSCC) are at a high risk of recurrence and multimodal therapy have
ABCB11 not significantly improved survival in recent decades. Although immune checkpoint inhibitors (ICIs) are effective
CYP1A2

in a small proportion of HNSCC patients, the majority do not respond. In this study, we for the first time revealed
that xenobiotic metabolic process was significantly associated with resistance to programmed death-1 (PD-1)/
programmed death-ligand 1 (PD-L1) inhibitors in HNSCC and found that ATP binding cassette subfamily B
member 11 (ABCB11) accumulated in immature tertiary lymphoid structures (TLSs) predicted worse
progression-free survival (PFS) and overall survival (OS) after PD-1/PD-L1 inhibitors therapy. Moreover, the
expression of cytochrome P450 1A2 (CYP1AZ2), a cytochrome P450 (CYP) enzyme that participates in xenobiotic
metabolic process, was significantly upregulated in CD45"ABCB11" tumor-infiltrating lymphocytes (TILs)
compared with CD45"ABCB11 TILs in HNSCC tissues. Whole slide scans of 110 HNSCC tissues with
hematoxylin-eosin (HE) and multispectral immuno-fluorescent (mIF) staining revealed that ABCB11 had a high
co-expression with CYP1A2 in immature TLSs, and colocalization of ABCB11 and CYP1A2 in immature TLs
significantly associated with high infiltration of immunosuppressive T-regulatory (Treg). Our study revealed that
ABCB11 accumulated in immature TLSs might upregulate CYP1A2 to mediate xenobiotic metabolic process, thus
increase the immunosuppressive Treg infiltration, and induce resistance to PD-1/PD-L1 inhibitors in HNSCC.
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Introduction contained in tobacco and alcohol through oxidation, convert them into

active metabolites, and irreversibly react with macromolecules, result-

Head and neck squamous cell carcinomas (HNSCC) is the sixth most
common malignancy worldwide and carries a high risk of recurrence
[1]. The programmed cell death protein 1 (PD-1) and programmed
death-ligand 1 (PD-L1) have approved by the Food and Drug Adminis-
tration for the treatment of metastatic or unresectable HNSCC, but only
about 20% of patients achieve a clinical benefit, highlighting the need
for new therapeutic targets [2]. Xenobiotic metabolism plays a critical
role in the progression of HNSCC. As two important xenobiotics, tobacco
and alcohol are strong risk factors for developing HNSCC.
Xenobiotic-metabolizing enzymes mainly activate the carcinogens

ing in mutations and potential carcinogenic effects. Interestingly, xe-
nobiotics may also activate inflammatory cells to release inflammatory
mediators. It has been reported that xenobiotic metabolism could affect
the tumor microenvironment (TME) of colon cancer and immune
regulation may be one of the mechanisms of xenobiotic metabolism
affecting cancer process [3]. However, no studies have yet focused on
the correlation between xenobiotic metabolism and immune microen-
vironment in HNSCC.

Tertiary lymphoid structures (TLSs), clusters of immune cells located
around tumor tissue, have been shown to be involved in anti-tumor
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Fig. 1. Xenobiotic metabolic process was significantly associated with resistance to PD-1/PD-L1 inhibitors in HNSCC. (A) Kaplan-Meier survival analysis of
the OS of “no response” group and “response” group. (B) Kaplan-Meier survival analysis of the PFS of “no response” group and “response” group. (C) GO enrichment
analysis of the pathways enriched in “response” group compared with “no response” group. (D) The correlations of age, sex, tobacoo and alcohol states with response

to PD-1/PD-L1 inhibitors.

immunity. The formation of TLSs relies on several chemokines produced
in response to various inflammatory stimuli. Pathologic studies have
identified several TLS maturation stages [4-6], and one feature associ-
ated with mature TLS is the formation and presence of germinal centers
[6]. Immature TLSs showed elevated expression of immune Inhibitory
and immunosuppressive molecules, and favor immune evasion and
cancer progression in hepatocellular carcinoma [7], but the role of
immature TLSs in HNSCC is unknown.

In this study, we for the first time revealed that xenobiotic metabolic
process was significantly associated with resistance to programmed
death-1 (PD-1)/programmed death-ligand 1 (PD-L1) inhibitors in
HNSCC and found that ATP binding cassette subfamily B member 11
(ABCB11) accumulated in immature tertiary lymphoid structures (TLSs)
predicted worse progression-free survival (PFS) and overall survival
(0S) after PD-1/PD-L1 inhibitors therapy. Moreover, the expression of
cytochrome P450 1A2 (CYP1A2), a cytochrome P450 (CYP) enzyme that
participates in xenobiotic metabolic process, was significantly upregu-
lated in CD45TABCB11" tumor-infiltrating lymphocytes (TILs)
compared with CD45"ABCB11 TILs in HNSCC tissues. Whole slide
scans of 110 HNSCC tissues with hematoxylin-eosin (HE) and multi-
spectral immuno-fluorescent (mlIF) staining revealed that ABCB11 had a
high co-expression with CYP1A2 in immature TLSs, and colocalization
of ABCB11 and CYP1A2 in immature TLs significantly associated with
high infiltration of immunosuppressive T-regulatory (Treg). Our study
revealed that ABCB11 accumulated in immature TLSs might upregulate
CYP1A2 to mediate xenobiotic metabolic process, thus increase the
immunosuppressive Treg infiltration, and induce resistance to PD-1/PD-

L1 inhibitors in HNSCC.
Methods
Bioinformatics analysis

The bulk RNA-seq data (FPKM value) of 102 and 28 HNSCC tissues
with treatment of PD-1/PD-L1 inhibitors was downloaded from the Gene
Expression Omnibus (GEO, GSE159067) and Mendeley Data (https://da
ta.mendeley.com/datasets/yk8wj7xgdg/1) respectively. The bulk RNA-
seq data and clinical-related information of HNSCC tissues were
collected from The Cancer Genome Atlas (TCGA) dataset obtaining from
the online data portal UCSC Xena (https://xenabrowser.net/datapages
/). Gene Set Enrichment Analysis (GSEA) was performed with an on-
line tool (https://www.omicstudio.cn/tool), and Gene Ontology (GO)
enrichment analysis was performed using the DAVID online analysis tool
(https://david.nciferf.gov/conversion.jsp? VFROM=NA). Immune Cell
Abundance Identifier —(ImmuCellAl, http://bioinfo.life.hust.edu.
cn/ImmuCellAl#!/analysis) was used to estimate the immune cell
infiltration from gene expression dataset [8].

Patients and samples

A total number of 113 HNSCC patients who had no prior antitumor
therapy and underwent curative resection at Tianjin Medical University
Cancer Institute and Hospital were enrolled in this study. Among them,
110 HNSCC patients (39 oral cancer, 33 throat cancer, 38 tongue cancer)
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Fig. 2. HNSCC patients with ABCB11 high expression showed reduced PFS and OS after PD-1/PD-L1 inhibitors therapy. (A) The volcano map of differentially
expressed genes in “response” group and “no response” group. The Kaplan-Meier survival analysis was used to analyze the OS and PFS of patients with different
expression level of the (B) FOXA2, (C) SLC28A and (D) ABCB11 after PD-1/PD-L1 inhibitors therapy. The expression of ABCB11 was compared in HNSCC patients
with different response to PD-1/PD-L1 inhibitors therapy in (E) GEO cohort and (F) Mendeley Data cohort. (G) The correlations of age, sex, tobacoo and alcohol

states with ABCB11 expression in GEO cohort.

provided paraffin-embedded tissues for HE and mIF staining. 3 HNSCC
patients (1 oral cancer, 1 throat cancer, 1 tongue cancer) provided fresh
tumor tissues for flow cytometry and western blotting. All cases were
diagnosed as HNSCC by 2 experienced pathologists separately, and more
than 50% of the cancer cell content was determined for all paraffin-
embedded tissues. We also collected clinical data including age, sex,
tobacco and alcohol consumption, tumor size, differentiation grade and
lymph node metastasis. Current smokers of >20 cigarettes/day for >30
years were defined as person with active tobacco consumption [9],
others were defined as person with unactive tobacco consumption.
Current drinkers of 100 g/day for >10 years were defined as person with
active alcohol consumption, others were defined as person with unactive
alcohol consumption. This study was approved by the Ethics Committee
of Tianjin Medical University Cancer Institute and Hospital, and
informed consent was obtained from all patients. TLS located inside

tumors were assessed on HE stained sections, and they were defined as
clusters of immune cells [7]. They were further classified as published
previously: 1) immature TLSs: vague, ill-defined clusters of lymphocytes
or round-shaped clusters of lymphocytes without significant germinal
center; 2) mature TLSs: follicles with germinal center formation [4,10,
11].

MIF staining and analysis

We performed mIF staining as previously described [12]. In brief, the
paraffin-embedded slides were heated, deparaffinized using xylene, and
rehydrated in graded alcohols. After antigen retrieval and blocking, the
primary antibody (Table S1) was applied and incubated at 4°C over-
night. Opal polymer horseradish peroxidase (HRP) was used as the
secondary antibody. The slides were washed, and tyramide signal
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Fig. 3. ABCB11 was accumulated in immature TLSs of NHSCC tissues. Representative images of ABCB11" immature TLS and ABCB11™— mature TLS in

HNSCC tissues.

amplification (TSA) dye (Opal 7 Color Kit, Akoya Biosciences) was
applied. The slides were then microwaved to strip the primary and
secondary antibodies, washed, and blocked again using blocking solu-
tion. Afterward, a second primary antibody and 4,6-dia-
midino-2-phenylindole (DAPI) were applied. Finally, slides were
coverslipped using ProLong Gold Antifade Reagent (P36930,
Invitrogen).

Whole slide scans were performed using a multispectral microscope
(Pannoramic MIDI, 3DHISTECH), and were imaged to observe the
landscape of ABCB11 and CYP1A1 expression, as well as infiltration of
Treg and T helper 2 (Th2) cells. Briefly, ABCB11" cells>10% in a TLS
was defined as ABCB11"TLS. CYP1A2" cells>10% in a TLS was defined
as CYP1A2'TLS. Cells with colocalization of ABCB11 and CYP1A2
>10% in a TLS was defined as ABCB11"CYP1A2*TLS. Treg cells were
counted for positively stained FOXP3 cells per 200 x magnification.

Flow cytometry

Tumor tissues preparation and flow cytometry were performed as
previously described [13]. Tumor tissues were prepared into single-cell
suspension by enzymatic digestion (collagenase IV 1 mg/ml and Dnase I
50 pg/ml). All single-cell suspension was passed through a 70-pm cell
strainer (BD Falcon, New Jersey, USA) to remove impurities. Live/Death
cells were selected/excluded based on Zombie Violet™ Fixable Viability
Kit (423,113, Biolegend). PerCP/Cyanine5.5 anti-human CD45 antibody
was used to mark TILs. Staining of intracellular ABCB11 protein was
performed by use of the Fixation/Permeabilization Solution Kit (BD
Biosciences) according to the manufacturer’s instructions and then,
were stained with ABCB11 antibody (1:500, ab255605, Abcam). A Goat
anti rabbit IgG (Alexa Fluor® 488, ab150077) at 1/2000 dilution was
used as the secondary antibody. Flow cytometry was performed to
isolate CD45"ABCB11'TILs and CD45'ABCB11 TILs to compare
CYP1A2 expression.

Western blotting

Western blotting was performed as previously described [12].
Briefly, we generated total protein from each group by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis and transferred the
proteins to polyvinylidene fluoride membranes. The membranes were
incubated with the primary antibody CYP1A2 (1:1000, 19,936-1-AP,
Proteintech) and GAPDH (1:2000, sc-47,724, Santa Cruz Biotechnology,
) overnight at 4 °C and then incubated with secondary antibodies at
room temperature for 1 h. Afterward, the membranes were exposed
using an enhanced chemiluminescence reagent.

Statistical analysis

Statistical analysis was performed using GraphPad software
(GraphPad Prism 9.0.0). We used Student’s t-test to compare quantita-
tive data between groups and the chi-square test to compare categorical
variables. The Kaplan-Meier method was used to calculate OS and PFS,
and the log-rank test was used to analyze any differences. p values <
0.05 were considered statistically significant.

Results

Xenobiotic metabolic process was significantly associated with resistance to
PD-1/PD-L1 inhibitors in hnscc

To explore the molecular mechanism underlying the resistance of
HNSCC cells to anti-PD-1 therapy, we collected the gene expression
profiles of 102 biopsied or surgically resected HNSCC tumor tissues
which collected prior to treatment of PD-1/PD-L1 inhibitors from pre-
viously published datasets. We defined the patients with complete
response, partial response and stable disease after treatment of PD-1/
PD-L1 inhibitors as “response” group and defined the patients with
progressive disease as “no response” group. Kaplan-Meier survival
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Table 1
Correlations between ABCB111TLS C and clinicopathologic parameters.
Clinical Tissues with Tissues without Total P
parameters ABCB11"TLSs ABCB117TLSs (96) (110) value
(€]

Age(year)

<56 10 (27.8%) 26 (72.2%) 36 0.620
(100%)

>56 24 (32.4%) 50 (67.6%) 74
(100%)

Gender

male 33(35.9%) 59(64.1%) 92 0.011*
(100%)

female 1(5.6%) 17(94.4%) 18
(100%)

Tobacco

active 21(53.8%) 18(46.2%) 39 0.000*
(100%)

unactive 8(15.1%) 45(84.9%) 53
(100%)

Alcohol

active 24(63.2%) 14(36.8%) 38 0.000*
(100%)

unactive 2(5.7%) 33(94.3%) 35
(100%)

Tumor size(cm)

<25 12(18.5%) 53(81.5%) 65 0.000*
(100%)

>2.5 21(51.2%) 20(48.8%) 41
(100%)

Differentiation

good 6(27.3%) 16(72.7%) 22 0.033*
(100%)

moderate 14(24.6%) 43(75.4%) 57
(100%)

poor 12(54.5%) 10(45.5%) 22
(100%)

Lymphatic

metastasis

yes 18(48.6%) 19(51.4%) 37 0.003*
(100%)

no 13(20.6%) 50(79.4%) 63
(100%)

analysis demonstrated that the OS and PFS of “no response” group were
significantly shorter than “response” group (Fig.1A-B). GO enrichment
analysis revealed that besides pathways involved in regulating immune
functions, such as inflammatory and immune response, immune cell
chemotaxis, chemokine and cytokine-mediated pathways, pathways
about xenobiotic metabolic or catabolic process were also enriched in
“response” group compared with “no response” group (Fig.1C). The
patients with drinking history tends to no response to PD-1/PD-L1 in-
hibitors compared with those without drinking history (p = 0.010,
Fig.1D). These results suggested that xenobiotic metabolic process might
play a key role in mediating resistance to PD-1/PD-L1 inhibitors in
HNSCC.

ABCBI11 was accumulated in immature TLSs and showed reduced PFS and
OS after PD-1/PD-L1 inhibitors therapy in HNSCC

To further explore the key molecules regulating the resistance to PD-
1/PD-L1 inhibitors therapy, we compared the differentially expressed
genes (DEGs) in “response” group and “no response” group, and found
that FOXA2, SLC28A3 and ABCB11 were significantly upregulated in
“no response” group compared with “response” group (FOXAZ2:
log2FC=2.296, p = 0.0027; SLC28A: log2FC=2.203, p = 0.0068;
ABCB11: 10g2FC=2.029, p = 0.0329)(Fig.2A). To examine the effect the
FOXA2, SLC28A3 and ABCB11 genes on the PD-1/PD-L1 inhibitors ef-
ficacy, the Kaplan-Meier survival analysis was used to analyze the OS
and PFS of patients with different expression level of the 3 genes after
PD-1/PD-L1 inhibitors therapy. The results showed that patients with
ABCB11 high expression showed shorter PFS and OS compared with

Translational Oncology 36 (2023) 101747

those with ABCB11 low expression after PD-1/PD-L1 inhibitors therapy,
while no difference of OS and PFS were observed in patients with
different expression of FOXA2 and SLC28A3 (Fig.2B-D). Moreover,
ABCB11 was higher in patients with progressive disease than those with
complete response, partial response and stable disease (Fig.2E). The
consistent result was observed in another dataset of 28 HNSCC tissues
with treatment of PD-1 inhibitors, ABCB11 was higher in non-responder
than complete responder, responder and minimal responder (Fig.2F).
Moreover, ABCB11 high expression was related to tobacco history
(Fig.2G).

To detect the location of ABCB11, we performed HE and IF staining
in 110 HNSCC tissues. The results showed that ABCB11 was mainly
expressed in immune cells and accumulated in TLSs. Interestingly, we
found that almost all ABCB11" TLSs were immature TLSs which have no
significant germinal center formation (Fig.3). Importantly, the active
status of alcohol and tobacco consumption, larger tumor size, poor dif-
ferentiation and lymphatic metastasis were significantly observed in the
tissues with ABCB11" TLSs than those without ABCB11" TLSs
(including tissues with ABCB11~ TLSs and tissues without TLS) (p<0.05,
Table 1). The above evidence showed that ABCB11 accumulated in
immature TLSs might was conductive to tumor progression and induced
resistance to PD-1/PD-L1 inhibitors in HNSCC.

ABCBI11 participated in xenobiotic metabolic process and was associated
with immunosuppressive cells infiltration

We found the DEGs between samples with high and low ABCB11
expression in GEO dataset and TCGA database and performed GO
enrichment analysis of DEGs. The results showed that pathways
involved in xenobiotic metabolic or catabolic process, and regulating
immune cells, including immune response and cell chemotaxis, were
significantly enriched in samples with high ABCB11 expression
compared with those with low ABCB11 expression both in GEO dataset
and TCGA database (Fig.4A-B). GSEA enrichment revealed that path-
ways of metabolism of xenobiotics by cytochrome P450 and cytokine-
cytokine receptor interaction were significantly enriched in HNSCC
tissues with ABCB11 high expression compared with those with ABCB11
low expression both in GEO dataset and TCGA database (Fig.4C-D).
Next, we used the ImmuCellAl web tool to estimate the immune cell
infiltration and found that CD4" T cell, and immunosuppressive induced
Treg (iTreg) and Th2 cells were significantly increased in tissues with
ABCB11 high expression compared with tissues with ABCB11 low
expression both in GEO dataset and TCGA database (Fig.4E-F). The re-
sults revealed that ABCB11 might participate in xenobiotic metabolic
process and ABCB11 high expression was associated with immunosup-
pressive cells infiltration in HNSCC.

Colocalization of ABCB11 and CYP1A2 in immature TLSs had positive
correlation with immunosuppressive Treg cells infiltration

Of all the xenobiotic-metabolizing enzymes, the cytochrome P450
(CYP) enzymes are the most important due to their abundance and
versatility [14]. We supposed that ABCB11 induce xenobiotic metabolic
process by regulating CYP enzymes, therefore, we compared the gene
expression of CYP enzymes between tissues with ABCB11 high expres-
sion and those with ABCB11 low expression. The results showed that
multiple CYP family genes significantly increased in tissues with
ABCB11 high expression in GEO dataset and TCGA database, and
CYP1A2 was upregulated in both GEO dataset and TCGA database
(Fig.5A-B).

Next, we collected 3 HNSCC fresh tissues, including 1 oral cancer, 1
throat cancer and 1 tongue cancer, to isolate CD45"ABCB11"TILs and
CD45"ABCB11 TILs by flow cytometry and compare CYP1A2 expres-
sion by western blot analysis. The result demonstrated that CYP1A2
expression was significantly upregulated in CD45TABCB11" TILs
compared with CD45TABCB11 TILs (Fig.5C-D). We further performed
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Fig. 4. ABCB11 participated in xenobiotic metabolic process and was associated with immunosuppressive cells infiltration. GO enrichment analysis of the
pathways enriched in tissues of ABCB11 high expression compared with ABCB11 low expression in (A) GEO dataset and (B) TCGA dataset respectively. GSEA
enrichment analysis of the pathways about metabolism of xenobiotics by cytochrome P450 and cytokine-cytokine receptor interaction in HNSCC tissues with ABCB11
high expression compared with those with ABCB11 low expression in (C) GEO dataset and (D) TCGA database. InmuCellAI web tool was used to estimate the
immune cell infiltration in tissues with ABCB11 high expression compared with tissues with ABCB11 low expression in (E) GEO dataset and (F) TCGA database.

mlF staining of ABCB11, CYP1A2, FOXP3 and GATA3 in 110 HNSCC
tissues, and whole slide scans were used to observe the landscape of
ABCB11 and CYP1Al1 expression, as well as infiltration of Treg and Th2
cells (Fig.6A-B). The results showed that 97.1% (33/34) tissues with
ABCB11" TLSs have colocalization of ABCB11 and CYP1A2 in TLSs,
while only 17.6% (3/17) in tissues with ABCB11~ TLSs expressed
CYP1A2" TLSs (p<0.0001, chi-squared test). The result revealed that
ABCB11 was positively correlated with the expression of CYP1A2 in
TLSs (Fig.6C). Moreover, FOXP3" Treg cells were significantly increased
in tissues with ABCB11TCYP1A2" immature TLSs compared with tissues
without ABCB11TCYP1A2" immature TLSs (65.76+11.05 vs. 22.16
+4.40, p<0.0001) (Fig.6D). However, we observed a low number of
GATA3™" Th2 cells (data not shown). The results suggested that ABCB11
accumulated in immature TLSs might upregulate CYP1A2 to mediate
xenobiotic metabolic process, thus increase the immunosuppressive
Treg infiltration, and induce resistance to PD-1/PD-L1 inhibitors in
HNSCC.

Discussion

In addition to the metabolism of sugar, lipid, and protein, xenobiotic

metabolism is an important part of the biological processes related to
human metabolism. Except for drugs, most exogenous substances are
harmful to human body. Toxic xenobiotics require metabolism to induce
cancer. Therefore, the metabolic process of xenobiotics is particularly
important for the prognosis of cancer. Studies have shown that excessive
exposure of the human body to xenobiotic substances can lead to
abnormal changes in the TME [3]. Most HNSCC are squamous cell car-
cinomas that develop in the upper aerodigestive epithelium after
exposure to xenobiotics such as tobacco and alcohol [15]. However,
little is known about the biological functional molecules or immune cells
involved in the xenobiotic metabolic pathways in NHSCC. In this study,
we for first time found that the association of xenobiotic metabolic
process with resistance to PD-1/PD-L1 inhibitors in HNSCC. The
expression of ABCB11" immature TLSs was significantly correlated with
larger tumor size, poor differentiation and lymphatic metastasis, which
suggested the ABCB11" immature TLSs indicates a more aggressive
HNSCC subtype with a poor prognosis. At the mechanism level, ABCB11
accumulated in immature TLSs might upregulate CYP1A2 to mediate
xenobiotic metabolic process, thus increase the immunosuppressive
Treg infiltration, and induce resistance to PD-1/PD-L1 inhibitors in
HNSCC.
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Fig. 5. CYP1A2 expression was significantly upregulated in CD45TABCB11" TILs compared with CD45TABCB11 TILs. (A) The gene expression of CYP
enzymes between tissues with ABCB11 high expression and those with ABCB11 low expression in (A) GEO dataset and (B) TCGA database. (C) Representative flow
cytometry plots showing the process for sorting CD45"ABCB117 TILs and CD45"ABCB11 TILs in NHSCC tissues. (D) Western bolt analysis of CYP1A2 expression in

CD45TABCB11" TILs and CD45"ABCB11 TILs in HNSCC tissues.

ABCBL11 enables ABC-type xenobiotic transporter activity and is the
major exporter for the specific secretion of bile salts [16]. ABCB11
involved in several processes, including canalicular bile acid transport,
xenobiotic export from cell and xenobiotic transmembrane transport
[17]. A range of human diseases is associated with the malfunction of
ABCBL11, including fatal hereditary liver disorders and mild cholestatic
conditions [18]. However, its role in HNSCC has not been reported. Our
study demonstrated that ABCB11 was significantly accumulated in
immature TLSs and mediated xenobiotic metabolic process to induce
resistance to immunotherapy in HNSCC. Moreover, ABCB11" immature
TLSs was significantly correlated with the active status of alcohol and
tobacco consumption. The results suggested that ABCB11 in TLSs might
be activated by drinking and smoking, which would further mediate the
xenobiotic metabolic process in HNSCC.

The CYP enzymes are among the most important xenobiotic-
metabolizing enzymes [19]. CYP enzymes are expressed in many
different tissues of the human body, mostly in intestinal and hepatic
tissues [20]. Many reports show that CYP enzymes also play an impor-
tant role in the development of tumors. The main enzymes involved in
activating carcinogens are CYP1A1, CYP1A2, CYP1B1, CYP2A6, and
CYP2E1, and genetic polymorphisms in these enzymes have been asso-
ciated with an increased risk of certain types of cancer [21]. Elevated
expression of CYP1Al, CYP1B1 and CYP2W1 has been detected in
HNSCC patients as well [22]. However, the distribution and character-
istics of CYP enzymes in HNSCC are still unclear. Our study detected the
accumulation of CYP1A2 in immature TLSs of HNSCC tissues and found
that the colocalization of ABCB11 and CYP1A2 in immature TLSs had

positive correlation with immunosuppressive Treg cells infiltration,
which reveals a new mechanism of CYP enzyme-mediated tumor
promotion.

Patients with NHSCC are often immunocompromised, leading to
cancer immune evasion and cancer cell proliferation. Recent data sug-
gest that subsets of immune cells found in the TME may contribute to
immune evasion, thereby attenuating the effects of PD-1/PD-L1 in-
hibitors. Treg cells are particularly important in driving immune escape
during HNSCC progression [23]. In cancers, Treg cells are suppressors of
the antitumor response, leading to tumor immune escape, thereby
conferring resistance to anti-PD1 therapy [24]. It was reported that
infiltration of FOXP3™ Treg cells is a strong and independent prognostic
factor in HNSCC [25]. These studies provided strong evidence for our
hypothesis that ABCB11TCYP1A2" immature TLSs promoted immuno-
suppression to induce resistance to immunotherapy by upregulation the
infiltration of Treg cells in HNSCC. It is worth noting that the gene
expression profiles of biopsied or surgically resected HNSCC tumor tis-
sues was collected prior to treatment of PD-1/PD-L1 inhibitors, and
ABCB117" TLSs were detected in HNSCC tissues with no prior antitumor
therapy, which reflected the expression landscape of tumor tissues
without the selection for therapy. It suggested that ABCB11" TLSs might
act as a marker to predict the treatment response before
immunotherapy.

Previous studies revealed the double-edged sword role of TLSs in
cancer [26]. Although most studies have shown a strong association
between tumor-associated TLS and favorable clinical outcomes in most
cancers, some studies have shown an association between TLS and poor
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Fig. 6. Colocalization of ABCB11 and CYP1A2 in immature TLSs had positive correlation with immunosuppressive Treg cells infiltration. (A-B) Repre-
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prognosis. Presence of B cells and TLS in melanoma, renal cell carci-
noma, sarcoma and HPV-associated HNSCC has been reported to be
associated with better response to immunotherapy [27-29]. While in-
crease of Th cells and macrophages in TLS is associated with disease
relapse in advanced colorectal cancer, and these TLS are considered to
be immature or just breaking up [30]. The studies suggested that the
different cellular composition of TLSs and their functional differences
affects the patient’s prognosis [31]. Our study revealed that ABCB11™"

immature TLSs indicates a more aggressive HNSCC subtype with a poor
prognosis, which reflected dysfunction of the anti-tumor immune reac-
tion of ABCB11"immature TLS. However, the factors that regulate the
composition of ABCB11'immature TLS are not clear, and further
investigation is needed to understand their heterogeneity and functions.

Despite the promising findings obtained, our study has certain lim-
itations. It is necessary for us to collect prognostic data for HNSCC pa-
tients receiving immunotherapy, to further verify the relationship
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between ABCB11" TLSs expression and predicted prognosis. In addition,
further in vitro and in vivo functional experiments are needed to
demonstrate the regulatory relationships between ABCB11 and CYP1A2
in TLSs, and their effects on immunotherapy efficacy.
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