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Background: Cervical cancer is one of the most common and deadly cancers in
women, which is closely linked to the persistent infection of high-risk human
papillomavirus (HPV). Current treatment of cervical cancer involves radical
hysterectomy, radiotherapy, and chemotherapy or a combination.

Objective: We investigated if hapten-enhanced intratumoral chemotherapy
(HEIC) was effective in boosting immunity for effective treatment of
precancerous cervical lesions and HPV infection.

Study design: We used single-cell RNA sequencing (scRNA-Seq) to obtain
transcriptome profiles of 40,239 cells from biopsies of precancerous cervical
lesions from the cervix directly from one patient before the start of HEIC and
approximately 1 week after HEIC. The blood samples were taken at the same
time as biopsies. We compared the expression characteristics of malignant
epithelial cells and immune cells, including epithelial cells, endothelial cells
(ECs), fibroblasts, mural cells, T cells, B cells, T and NK neutrophils, mast cells,
microparticles (MPs), and platelets, as well as the dynamic changes in cell
percentage and cell subtype heterogeneity.

Results: Intratumoral injection of chemotherapy drug plus hapten induces an
acute immune response in precancerous cervical lesions with HPV and further
awakens immune cells to prevent the abnormal proliferation of the
precancerous cells.

Conclusion: HEIC provides a potential treatment method for cervical cancer and
HPV infection tailored to each patient’'s condition.
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Introduction

Cervical cancer is one of the most common cancers threatening
women’s health, which is closely linked to the persistent infection of
high-risk human papillomavirus (HPV) (1, 2). The correlation
between high-risk HPV infection and precancerous lesions and
cervical cancer is extremely high and can be largely preventable.
Approximately 90% of cervical cancer occurs in low-income and
middle-income countries due to the lack of organized screening and
HPV vaccination programs in these countries. In high-income
countries, the implementation of screening and vaccination has
reduced the incidence rate and mortality of cervical cancer by more
than half in the past 30 years.

Treatment of cervical cancer depends on the severity of the
disease at the time of diagnosis and the availability of local resources,
which may include radical hysterectomy, radiotherapy, and
chemotherapy, or a combination of radiotherapy and
chemotherapy, which has become a standard of treatment (2).
Current treatment of precancerous cervical lesions (cervical
intraepithelial neoplasia (CIN)) is very effective, simple, and safe.
The entire conversion area of the cervix can be treated through
ablation techniques (cryotherapy or thermal ablation) or resection
techniques (large ring resection, cold knife conization, or conization).
The choice of treatment methods depends on the size and location of
the lesion, as well as the type of transformation zone (3).

Due to the lack of intervention in the form of immunotherapy,
local recurrence after treatment and persistent HPV positivity are
still unresolved issues. The persistence of HPV infection in patients
with a high-grade squamous intraepithelial lesion (HSIL)
undergoing cervical excision is strongly associated with the
recurrence (4).

Inosine pranobex immunotherapy can significantly increase the
clearance of viral infection with high-risk genotypes and reduce
relapse of HSIL for HPV-positive patients after cervical conization
(5). There are several types of immune-related drugs that have been
attempted to activate the immune system to improve treatment
outcomes. These include immune checkpoint inhibitors,
therapeutic vaccines, engineered T cells, and antibody-drug
conjugates. Checkpoint inhibitors appear to be the best treatment
methods for research, with encouraging Phase II studies in
established environments. Vaccines and engineered T cells that
use unique immune activation mechanisms are still in the early
stages of development (6, 7).

In the current study, we aimed to determine if hapten-enhanced
intratumoral chemotherapy (HEIC) was effective in treating
precancerous cervical lesions. We hypothesized that HEIC can
induce an acute immune response to control both CIN and
turning the HPV to negative, a process termed as chemical
conization of precancerous cervical lesions. HEIC is used for
treating several cancers by hapten-modified tumor-associated
antigens or oncogenic proteins expressed in HPV-associated
premalignant cervical epithelium (8-10). We carried out biopsies
of precancerous cervical lesions using forceps at 12, 3, 6, and 9
o’clock of the cervix directly from one patient before the start of
HEIC and approximately 1 week after HEIC. We also took blood
samples from the patient before and after HEIC. We then used
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single-cell RNA sequencing (scRNA-Seq) to obtain transcriptome
profiles of 40,239 cells. Through comparative analysis of different
samples of CIN and blood samples, we comprehensively described
the expression characteristics of malignant epithelial cells and
immune cells, including Epithelial Cells, Ecs, Fibroblasts, Mural
Cells, Tcells, Beells, TandNK Neutrophils, Mast Cells, MPs, and
Platelets, as well as the dynamic changes in cell percentage and cell
subtype heterogeneity. Our results provide evidence that
intratumoral co-administration of HEIC induced acute immune
response in precancerous cervical lesions to prevent their
abnormal proliferation.

Materials and methods
Clinical specimens

The patient had a pathological diagnosis and was diagnosed
with a clinical stage of HPV-positive cervical intraepithelial
neoplasia, CIN 3, in the cervix using the traditional HPV test (7,
8). The patient did not have any other therapy before this study.
Before receiving treatment at Beijing Baofa Cancer Hospital, the
patient’s physical condition was evaluated and determined to meet
the indications for HEIC. This experimental treatment was
approved by the hospital ethics committee (TMBF 0010, 2015) in
accordance with relevant guidelines and regulations.

After the patient has been prepared for biopsies and blood
samples were collected, cleaning and disinfection of the perineum
and vagina under general anesthesia were performed, and a
disinfecting towel was placed. When precancerous cervical lesions
were seen, four small pieces of precancerous cervical lesions (2 mm
x 2 mm X 3 mm) were taken at 12, 3, 6, and 9 o’clock of the cervix as
an untreated sample for scRNA-Seq analysis. This was followed by
intratumoral injection at 12, 3, 6, and 9 o’clock of the cervix of a
total of 10 ml containing 1.00 mg/ml adriamycin (Adr), 0.80 mg/ml
of cytarabine (Ara-C), 20.0 mg/ml of H,0,, and 144 mg/ml of
penicillin as the hapten (9-11). One week post injection, blood
samples were collected again as treated samples, and biopsies of
precancerous cervical lesions were carried out again using forceps at
12, 3,6, and 9 o’clock of the cervix, taking another four small pieces
of precancerous cervical lesions (2 mm x 2 mm X 3 mm) as treated
samples with blood samples for scRNA-Seq analysis.

Tissue disassociation and cell collection

After small cervical lesion tissues and blood samples were
collected, the fresh tissue samples were immediately stored in the
sCelLiVE® Tissue Preservation Solution (Singleron, Nanjing, China)
on ice. The tissues were cut into small tissue pieces and were
transferred to a 15-ml centrifuge tube, followed by digestion using
sCelLiVE® Tissue Dissociation Solution (Singleron) at 37°C for 15
min with shaking. The samples were then filtered using 40-um sterile
strainers and centrifuged at 1,000 rpm at 4°C for 5 min. Next, 2 ml
GEXSCOPE® red blood cell lysis bufier (RCLB, Singleron) was added
to lyse the red blood cells for 10 min. Finally, the single-cell
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suspension was collected after re-suspension with phosphate-buffered
saline (PBS), and trypan blue (Sigma) staining was used to calculate
cell activity and cell count under a microscope.

Single-cell RNA sequencing

Single-cell suspensions (1~3 x 10° cells/ml) in PBS (HyClone,
Logan, UT, USA) were loaded onto a microwell chip using the
Singleron Matrix® Single Cell Processing System. Briefly, the
scRNA-Seq library was constructed using the GEXSCOPE® Single
Cell RNA Library Kits (Singleron). The library was lastly sequenced
with 150 bp diluted to 4 nM and paired-end reads on the Illumina
HiSeq X platform following an established protocol (12).
Sequencing data processing and quality control were performed
as described in previous publications (13).

Differentially expressed gene analysis

To identify differentially expressed genes (DEGs), genes
expressed in more than 10% of the cells were selected in both the
compared groups of cells and with an average log (fold changes)
value greater than 1 as DEGs. The adjusted p-value was calculated
using the Benjamini-Hochberg correction. The p-value of 0.05 was
used as the criterion to assess the statistical significance.

Cell type annotation

The cell type identity of each cluster was determined with the
expression of canonical markers found in the DEGs using the
SynEcoSys database (Singleron Biotechnologies). Heatmaps/dot
plots/violin plots displaying the expression of markers used to
identify each cell type were generated using the Scanpy built-in
functions and ggplot2.

Single-cell copy number variation analysis

The InferCNV package was used to detect the copy number
alterations (CANs) in malignant cells. Non-malignant cells (T and
NK cells) were used as control references to estimate the copy
number variations (CNVs) of malignant cells. Genes expressed in
more than 20 cells were sorted based on their loci on each
chromosome. The relative expression values were centered to 1,
using a 1.5 standard deviation from the residual-normalized
expression values as the ceiling. A slide window size of 101 genes
was used to smoothen the relative expression on each chromosome
to remove the effect of gene-specific expression.

Pathway enrichment analysis

To investigate the potential functions of DEGs between clusters,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
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Genomes (KEGG) analyses were performed using the
“clusterProfiler” R package 3.16.1 (14). The GO gene sets
including molecular function (MF), biological process (BP), and
cellular component (CC) categories were used as references.
Pathways with an adjusted p-value less than 0.05 were considered
as significantly enriched.

Trajectory analysis

Monocle 2 algorithm (15) was used for pseudo-time trajectory
analysis, and the dimensionality reduction method used
was DDRTree.

Intratumoral heterogeneity
score calculation

The intratumoral heterogeneity (ITH) score was defined as the
average Euclidean distance between the individual cells and all other
cells in terms of the first 20 principal components derived from the
normalized expression levels of highly variable genes. The highly
variable gene was identified using the “FindVariableGenes”
function in the Seurat package, with default parameters.

Cell-cell interaction
analysis (CellPhoneDB)

Cell-cell interaction (CCI) between B cells, Epithelial cells,
Fibroblasts, Mononuclear phagocytes, Mast cells, Neutrophils, and
T and NK cells were predicted based on known ligand-receptor
pairs by CellPhoneDB v2.1.0 (16-18).

Results
Clinical benefit characteristics

In biopsies taken post-treatment, pathological examination
confirmed early diagnosis as cervical intraepithelial neoplasia CIN
3. Follow-up examination every 4 weeks after the treatment during
a 6-month period, physical examination, and CT of the patient
showed no signs of precancerous cervical lesions in the smooth
surface of the cervix, and the patient was in good health living a
normal life over 1.2 years, during which traditional HPV test
continued to yield negative results.

Landscape of single-cell transcriptome
sequencing before and after precancerous
lesion treatment

Single-cell transcriptome sequencing was performed on two
cervical epithelial tissues and their paired peripheral blood
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mononuclear cell (PBMC) samples before and after treatment. After
dimension reduction and clustering, 10 cell types were obtained
(Figure 1A), including nine in tissues and seven in the blood
(Figure 1B). Cell types were annotated according to marker genes
(Figure 1C) of each cell, including EpithelialCells, Ecs, Fibroblasts,
MuralCells, Bcells, TandNK Neutrophils, MastCells, MPs,
and Platelets.

Analysis of immune cells such as Bcells and TandNK increased
in both PBMCs and cervical tissues, while the proportion of stromal
cells such as Ecs, Fibroclasts, and MuralCells decreased in tissues
before and after treatment. In addition, the proportion of
Neutrophils cells in the blood significantly decreased (Figure 1D).

Changes in T cells before and after
treatment of precancerous cervical lesions

Subdividing the T-cell subpopulations yielded a total of five cell
types (Figure 2A). These cell types were annotated based on the
marker genes (Figure 2B), including CD8Teff (CD8+ effector T
cells), NK (natural killer cells), NaiveT (initial T cells), Tth
(follicular helper T cells), and Treg (regulatory T cells).
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Analysis of the proportion of cells before and after treatment
showed that after HEIC treatment, the proportion of Tth cells in the
tissue significantly increased. The changes in PBMC samples were
not significant (Figure 2C).

The increase in follicular helper T cells suggests that treatment
of HEIC may stimulate the immune system response and may help
combat the development of precancerous cervical lesions. Follicular
helper T cells are a specific type of immune cell that can help other
immune cells produce stronger immune responses, thereby
improving their ability to fight cancer.

Subdivision of Tth cell subpopulations resulted in four cell types
(Figure 2D). Analysis of the proportion of each cell before treatment
showed that Tth1 cells were the dominant group, while the richness
of Tth cell subpopulations increased, such as the addition of Tfh3
subpopulations (Figure 2E).

The functions of follicular helper T cell subsets show heterogeneity
(Figure 2F); for example, Tthl significantly enriches the phagocytic
pathway; Tth2 significantly enriches the glycine, serine, and threonine
metabolic pathways; Tth3 significantly enhances the biosynthesis and
metabolism-related pathways of biomacromolecules such as sugar,
amino acid, and vitamin; and Tth4 significantly stimulates the signal
pathway of stem cell pluripotency.
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Chemical conization enhances immunotherapy for cervical cancer. (A) By using dimensionality reduction clustering to form UMAP cell clustering
maps, a total of 10 cell types were obtained, with different colors representing different cell types. (B) he distribution of various cell types in tissues
and blood before and after treatment, with different colors representing different samples (C) Marker gene bubble diagram for each cell type. (D)
Histogram of cell proportion of each cell type before and after treatment.
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(A) T cells were clustered through dimensionality reduction to form UMAP cell clustering maps, obtaining a total of 5 cell types, with different colors
representing different cell types. (B) Bubble plots of Marker genes in various T cell subpopulations, with color depth representing the average
expression of the gene, and circle size representing the percentage of cell expression of the gene in the cell. (C) Histogram of the proportion of T
cell subpopulations in each sample. (D) Histogram of cell proportion of Tfh cell subpopulations in each sample. (E) A pseudo time distribution map
of a single sample, where one point represents one cell and different colors represent different cell types. (F) GSVA analysis of Tfh cell
subpopulations, the redder the color, the more enriched the pathway is in the cell. (G) Heat map of gene expression changes during the simulated
time process, with colors ranging from blue to red representing gene expression from low to high.

Time series analysis shows T-cell changes
in precancerous cervical lesions before and
after treatment

There were differences in the differentiation of Tth cells in
tissues before and after treatment. Before treatment, the cells in the
sample were overall located in the early stage of the trajectory. After
treatment, the cells were overall located in the early, middle, and late
stages (Figure 3I).

Before treatment, the main cells present in the tissue sample were
Tth1 cells located at the beginning of differentiation. After treatment,
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the cells at the beginning of differentiation in the sample were mainly
Tthl. As differentiation progressed, Tfhl differentiated in two
directions: 1) Tfh3 and Tfh4 cells and 2) Tfhl cells in a
differentiated state (Figures 2G-K). Changes in gene expression
were observed during the differentiation of Tthl into Tth3 and
Tth4 cells (Figure 2J): high expression of MT-RNR2, MT-RNRI,
and SRGN genes in the middle stage of differentiation. High
expression of MT-RNR2 and MT-RNRI1 genes indicated that cells
were in a differentiation transition state with strong metabolic ability,
which changes in gene expression during Tthl cell differentiation
toward the end of Tth1 differentiation (Figure 2J).
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(A) MPs cells formed UMAP cell clustering maps through dimensionality reduction clustering, obtaining a total of 7 cell types, with different colors
representing different cell types. (B) Bubble plots of Marker genes in various MPs cell subpopulations, with color depth representing the average expression
of the gene, and circle size representing the percentage of cell expression of the gene in the cell. (C) Histogram of cell proportion of MPs cell
subpopulations in each sample. (D) Bubble diagram (left) and lollipop diagram (right) of GO enrichment analysis results of differentially up-regulated genes of
MatureDC cells (left) and cDC2 cells (right) between groups (CC_A_t vs CC_B_t). (E) Monocytes cells were clustered through dimensionality reduction to
form a UMAP cell clustering map, obtaining a total of 5 subpopulations, with different colors representing different cell types. (F) Histogram of the cell
proportion of Monocytes cell subpopulations in each sample. (G) Topl0 differential gene heatmap of Monocytes cell subpopulations. (H) Differential gene
analysis of ClassicaMono-2 cells between groups, with the left being in the tissue (CC_A_t vs CC_B_t) and the right being in the PBMC sample (CC_A-b vs
CC_B-b). (I) Transcription factor analysis of various cell subpopulations in Monocytes. (J) Antigen presenting ability and cell phagocytosis related gene set
scores in tissue samples before and after treatment with ClassicaMono-2 subgroup.

Frontiers in Immunology 06 frontiersin.org


https://doi.org/10.3389/fimmu.2023.1259723
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

Changes of MP cells in precancerous
cervical lesions before and after treatment

By subdividing T-cell subsets, seven cell types were obtained
(Figure 3A). According to the marker gene (Figure 3B) of each cell,
they include proliferating monocyte phagocyte, monocytes,
macrophages, mature dendritic cells, type 1 classic dendritic cells
(cDC1), type 2 classic dendritic cells (¢DC2), and plasma cell-
derived dendritic cells (pDCs).

Analysis of the proportion of cells after drug treatment showed
that the monocytes in the tissue significantly decreased, while the
proportion of cells in MatureDCs and ¢DC2 increased; the changes
in PBMC samples were not significant (Figure 3C).

Analysis of intergroup differences in tissues showed that
MatureDCs upregulated T-cell activation; MHC II protein
complexes, negative regulation of white blood cell apoptosis Y-
interferon response, and other related pathways (Figure 3D)
suggest that MatureDCs can activate and enhance the immune
response ability of T cells.

c¢DC2 upregulates neutrophil activation, macrophage activation,
phagocytosis, cytokine production, and RAGE receptor binding-
related pathways (Figure 3E), suggesting that cDC2 may regulate
the activation status of neutrophils, macrophages, and other
immune cells, thus participating in the immune response process
cooperatively. Five cell types were obtained by subdividing the
monocyte cell subpopulations (Figure 3F): non-classical monocytes
(NonClassicalMono), ClassicalMono_1, ClassicalMono_2,
ClassicalMono_3, and ClassicalMono_4.

Analysis of the proportion of cells found that the dominant cell
populations in the tissue before treatment were ClassicalMono_2
and ClassicalMono_3, and the proportion of ClassicalMono_3 cells
significantly decreased after treatment. In PBMCs, there was little
change in cell composition before and after treatment, and the
dominant cell population was ClassicalMono_1, which contained
more non-classical monocytes than in tissues (Figure 3G),
indicating heterogeneity between PBMCs and monocytes in tissues.

In tissues and PBMC samples, inflammatory chemokines such
as CXCL8, CXCL2, CCL3, CCL4, and CXCL3 were downregulated
in the ClassicalMono_2 subgroup, especially CXCL8 (Figure 3I),
indicating that the inflammatory response may weaken after
treatment. The RFXI1 transcription factor is specifically
overexpressed in the ClassicalMono_2 subgroup (Figure 3]).

The ClassicalMono_2 subgroup highly expresses the MHC class
II gene (Figure 3H). RFX1 transcription factor may regulate the
high expression of the MHC class II gene in the ClassicalMono_2
subgroup, thereby enhancing its antigen presentation ability.

Changes in fibroblast group before and
after treatment for precancerous
cervical lesions

Subdividing the subpopulations of fibroblast cells gave rise to a
total of four cell types (Figure 4A): Fibroblasts_LUM,
Fibroblasts_POSTN, Fibroblasts_ ACTA2, and Fibroblasts_IGFBP2
cell subpopulations. Analysis of the proportion of each cell found that
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after drug treatment, fibroblasts were in the tissue. The proportion of
IGFBP2 cells significantly increased. The proportion of cells in the
ACTA2 subgroup significantly decreased (Figure 4B). Heterogeneity
exists between various subpopulations of fibroblasts (Figure 4C).

Further analysis of Fibroblasts_Differential gene of IGFBP2 cells
between groups found that fibroblasts after treatment of IGFBP2
cells overexpress multiple chemokines and interleukins 1124, IL19,
and CCL8 (Figure 4E) and upregulate the receptor signaling
pathway of JAK-STAT 7v-interferon response and NIK/NF-k
inflammatory-related pathways such as B signaling pathway and
type I interferon signaling pathway (Figure 4F).

Time series analysis showed that there were differences in the
differentiation of fibroblasts in tissues before and after treatment.
Before treatment, the cells in the sample were overall located in the
early and middle stages of the trajectory, while after treatment, the
cells were overall located in the middle and late stages (Figure 4I).

Before treatment, Fibroblasts_ ACTA2 is in the early stage of
differentiation, Fibroblasts_IGFBP2 is in the middle and late stages
of differentiation, and after treatment, Fibroblasts. ACTA2 cell
reduction and Fibroblasts_IGFBP2 increase (Figures 4G-H),
indicating that fibroblasts after treatment ACTA2 may
differentiate into Fibroblasts_IGFBP2 subgroup.

Further score the characteristic gene sets of adipose derived
fibroblasts, inflammatory fibroblasts, myofibroblasts, and epidermal
promoting fibroblasts for each subgroup of fibroblasts Figure 4G).

Changes in cellular communication before
and after treatment of precancerous
cervical lesions

Cell interaction analysis showed that the signal communication
between cells decreased overall in the tissues before and after
treatment (Figure 5A). Compared to that in PBMC samples
before and after treatment, ClassicalMono_1 enhanced
communication with other immune cells (Figure 5B). Cell
interaction analysis in the tissues showed that before and after
treatment, ClassicalMono_2/ClassicalMono_3, ClassicalMono_2/
MatureDCs, ClassicalMono_2/cDC2, CCL3 between the above
cells_CCR1, CCL3. The signal communication between the CCR5
receptor gene pairs is weakened (Figure 5C), which is similar to the
previous results (Figure 3I). On the contrary, Fibroblasts_IGFBP2|
Fibroblasts_ ACTA2:IL24_NOTCH2 signal enhancement
(Figure 5C), Fibroblasts (Figure 4E). Upregulation of IL24
expression was seen in IGFBP2 cells. Compared to that in PBMC
samples before and after treatment, ClassicalMono_1|cDC2 and
ClassicalMono_2|cDC2:LGALS9 enhanced signal communication
between HAVCR2 (Figure 5D).

Discussion

In this study, we used scRNA-Seq, demonstrated that
precancerous cervical lesions (CIN) can be treated with HEIC
therapy, and provided evidence supporting that HEIC
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FIGURE 4

(A) Fibroblasts were clustered into UMAP cell clusters through dimensionality reduction, resulting in a total of 4 cell types, with different colors
representing different cell types. (B) Histogram of cell proportion of fibroblast subpopulations in each sample. (C) Top3 differential gene violin map
of fibroblast subpopulations. (D) The score results of the Ucell gene set of fibroblast subpopulations show the characteristics of adipogenic fibers,
inflammatory fibers, myofibroblasts, and epidermal promoting fibroblasts. (E) Fibroblasts_ Differential gene expression heatmap of IGFBP2 cell
subpopulations between groups. (F) Fibroblasts_ GO enrichment analysis of upregulated differentially expressed genes in IGFBP2 cell subpopulations
between groups. (G) A pseudo time distribution map of a single sample, where one point represents a cell and different colors represent different
cell types. The small image shows the pseudo time axis for fibroblast differentiation, and the dark color represents the starting point of
differentiation. As the pseudo time progresses, the color from dark to light represents the differentiation from front to back. (H) Heat map of gene
expression changes during the simulated time process, with colors ranging from blue to red representing gene expression from low to high.
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FIGURE 5

(A) The heat map of intercellular communication in the organization, with a redder color indicating stronger intercellular interactions. The left image
shows before treatment and the right image shows after treatment. (B) The heat map of intercellular communication in PBMC shows that the redder
the color, the stronger the intercellular interaction. The left image shows before treatment and the right image shows after treatment. (C). Cellular
communication bubble diagram in the organization, with cell pairs on the horizontal axis and ligand pairs on the vertical axis. After treatment on the
left and before treatment on the right. (D) Cell communication bubble diagram in PBMC, with the horizontal axis representing the cell pair and the
vertical axis representing the ligand pair. The left side represents after treatment and the right side represents before treatment.

precancerous cervical lesions with HPV infection induced acute
immune response to control the CIN and turned the HPV negative.

Our results showed that cells such as Beells and TandNK increased
in both PBMCs and cervical tissues; the proportion of stromal cells
such as Ecs, Fibroblasts, and MuralCells decreased in tissues before and
after treatment; and the proportion of Neutrophils cells in the blood
significantly decreased. The increase in immune cells may be due to the
hapten with drugs killing precancerous cervical lesions with HPV and
activating the immune cells, making it effective in activating the
immune cells to attack diseased cells. The decrease in stromal cells
may be due to the drug affecting the tissue structure and function
around the affected cells. These changes may indicate that drug and
hapten therapy have had a positive impact on the therapeutic efficacy of
CIN 3, consistent in conjunction with clinical outcomes, which are
HPV turning negative and cervical surface becoming smooth.
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The significant clinical benefit is that one local therapy with
hapten and chemotherapy drugs can kill local precancer and hapten
modified with tumor-associated antigens, and the major oncogenic
protein expressed in HPV-associated precancerous cervical lesions
also induces an immune response to fight both precancerous cells
and HPV virus.

We used scRNA-Seq and demonstrated that HEIC treatment
induces the interaction among Epithelial Cells, Ecs, Fibroblasts,
Mural Cells, Tcells, Beells, TandNK Neutrophils, Mast Cells, MPs,
and Platelets, promoting the expression of many genes contributing
to the upregulation of immune response in precancerous cervical
lesions. Since it is the first attempt to treat precancer positive for
HPV, we will need a larger sample size to prove its effectiveness (19).

Detailed subdivision of Tth cell subpopulations resulted in four
cell types with Tthl cell in the dominant group enriching the
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phagocytic pathway while Tth cell subpopulations increased, as well
as the function of follicular T-cell subsets in heterogeneity. This is
consistent with the proposed roles for phagocytosis in the
degradation of foreign pathogens or cell wastes, which play an
important role in immune defense and metabolic regulation (20).

Our results also showed increased expression of CD52, EMP3,
TMSB10, CCL5, and TXNIP in the late stage of differentiation; CD52,
mainly highly expressed in B cells and T cells, which is an important
immune regulatory factor for T-cell activation (21). Overexpression
of CD52 leads to increased infiltration of M1 macrophages,
monocytes, T-follicle helper cells, and resting memory CDAT cells.
CCL5 gene encodes a chemokine ligand 5, which can promote the
chemotaxis and aggregation of monocytes, eosinophils, basophils, T
cells, natural killer cells, and other immune cells, thus participating in
the regulation of immune response and the mediation of
inflammatory response (22). TXNIP is thioredoxin that can bind to
reactive oxygen species (ROS), avoiding ROS damage to cells and
protecting them from oxidative stress (23, 24).

Our analysis reveals that monocytes in the cervical tissue
significantly decreased, while the MatureDCs and ¢cDC2 increased
in PBMCs. MatureDCs upregulated T-cell activation, MHC II
complexes, negative regulation of white blood cell apoptosis y-
interferon response, and other related pathways, suggesting that it
enhanced the immune response ability of T cells (21) as well as the
Y-interferon response pathway (12, 25).

ClassicalMono_2 and ClassicalMono_3 were the dominant cells in
the cervical tissue before treatment, while the ClassicalMono_3 cells
significantly decreased after treatment. ClassicalMono_3 overexpresses
chemokines (CXCL2, CXCL3, CXCL8, CCL4, CCL3L1, CCL4L2, and
CCL3), while ClassicalMono_4 overexpresses ISG56/IFIT1 family
genes (ISG15, IFIT3, IFI6, IFIT2, IFI44L, and IFIT1); these genes,
stimulated by interferon, play multiple regulatory roles in antiviral
immunity and interferon signaling pathways (26).

Treatment decreased inflammatory chemokines such as CXCL2,
CCL3, CCL4, and CXCL3, especially CXCLS8, in the ClassicalMono_2
subgroup, while the RFX1 (Regulatory Factor X1) transcription factor is
specifically overexpressed in the ClassicalMono_2 subgroup. Some
target genes of RFXI1 are known to include MHC class II genes,
which encode important antigen-presenting molecules in the
immune system and participate in processes such as antibody-
mediated immune responses (27), which is not only for cancer
immune reaction but also for HPV immune reaction. Topical
application of 2,4-dinitrochlorobenzene (DNCB) as hapten was
employed in the immunotherapy of HPV-associated lesions. It was
previously found that hapten of DNCB treats skin expressing HPV16.
E7 protein, the major oncogenic protein expressed in HPV-associated
premalignant cervical epithelium, results in a hyperinflammatory
response, with an associated induction of Th2 cytokines and
infiltration of myeloid cells producing arginase-1, which also
contributes to the hyperinflammation (11).

How does this treatment compare to laparoscopic radical
hysterectomy and open approach? Due to laparoscopic radical
hysterectomy and open approach treatment of precancerous
cervical lesions, the positive endometrial margin is a major risk
factor for predicting 5-year recurrence (19). A high risk for having
a positive surgical margin, experiencing HPV persistence, positive at
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the inner margin of the cervix, and positive at the outer margin of the
cervix (HR: 6.44 (95%CI: 2.80, 9.65); p < 0.001) was associated with
an increased risk of persistence/recurrence. By multivariate analysis,
only the inner margin of the cervix was positive, while the outer
margin of the cervix was positive (HR: 4.56 (95%CI: 1.23, 7.95); p =
0.021) and was associated with a poorer prognosis. In this high-risk
population, a positive cervical margin was the main risk factor for
predicting 5-year recurrence (27). This study demonstrates the
important role of awakening immune cells in combating HPV-
positive precancerous cervical lesions, restoring normal HPV
negative and abnormal proliferation, and preventing HPV recovery,
which may be a long-term benefit for high-risk people with a positive
endocervical margin and experiencing HPV persistence and “low-
risk” early-stage cervical cancer (27). It is suggested that
immunotherapy should be advanced before or during any
treatment to wake up immune cells to recognize tumors or HPV
by local administration of drugs and hapten, and PD1 or PD-L1 can
be added after waking up immune cells if the patient needs it.

The results presented in our current study have never been
demonstrated earlier by a single therapy that can induce an immune
response like immunotherapy. Previous studies have reported that
the HAVCR2-encoded protein belongs to the immunoglobulin
superfamily and TIM family. This gene affects different types of T
lymphocytes in the human body and participates in various
immune responses, especially in tumor treatment. HAVCR2 can
affect tumor growth by regulating T-cell activity and infiltration
(28), indicating enhanced immune signal response in PBMCs for
whole body immune response.

A significant limitation of the study is the sample size: samples
from only one patient were analyzed. Given the significant cost
associated with scRNA-Seq, we will seek additional funding support
to extend our study to more patient samples.

Our study provides evidence supporting that hapten-mediated
local chemotherapy is a safe and effective method because it induces a
systematic immunity against both cancer cells and HPV by initiating
an immune response from the precancerous cervical lesions to
achieve desirable clinical outcomes, which may create a new field
of medicine and may be called a chemical immune conization.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

Ethics statement

The studies involving humans were approved by Shandong
Baofa Cancer Institute. The studies were conducted in accordance
with the local legislation and institutional requirements. Written
informed consent for participation in this study was provided by the
participants’ legal guardians/next of kin. The manuscript presents
research on animals that do not require ethical approval for their
study. Written informed consent was obtained from the individual

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1259723
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

(s) for the publication of any potentially identifiable images or data
included in this article.

Author contributions

BY: Investigation, Project administration, Supervision, Writing
- original draft. XL: Data curation, Formal Analysis, Resources,
Writing - review & editing. FG: Conceptualization, Methodology,
Validation, Writing — review & editing. PJ: Methodology, Project
administration, Writing - review & editing. PZ: Formal Analysis,
Investigation, Methodology, Writing - review & editing. GZ:
Formal Analysis, Investigation, Methodology, Writing - original
draft. XZ: Data curation, Formal Analysis, Software, Writing -
original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study

References

1. Buskwofie A, David-West G, Clare CA. A review of cervical cancer: incidence and
disparities. ] Natl Med Assoc (2020) 112(2):229-32. doi: 10.1016/j.jnma.2020.03.002

2. Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. Lancet (2019) 393
(10167):169-82. doi: 10.1016/S0140-6736(18)32470-X

3. Basu P, Taghavi K, Hu SY, Mogri S, Joshi S. Management of cervical premalignant
lesions. Curr Probl Cancer. (2018) 42(2):129-36. doi: 10.1016/j.currproblcancer.2018.01.010

4. Zang L, Hu Y. Risk factors associated with HPV persistence after conization in
high-grade squamous intraepithelial lesion. Arch Gynecol Obstet. (2021) 304(6):1409—
16. doi: 10.1007/s00404-021-06217-1

5. Kovachev SM. Immunotherapy in patients with local HPV infection and high-grade
squamous intraepithelial lesion following uterine cervical conization. Immunopharmacol
Immunotoxicol. (2020) 42(4):314-8. doi: 10.1080/08923973.2020.1765374

6. Sherer MV, Kotha NV, Williamson C, Mayadev J. Advances in immunotherapy
for cervical cancer: recent developments and future directions. Int ] Gynecol Cancer.
(2022) 32(3):281-7. doi: 10.1136/ijgc-2021-002492

7. Crum CP, McLachlin CM. Cervical intraepithelial neoplasia. ] Cell Biochem Suppl.
(1995) 23:71-9. doi: 10.1002/jcb.240590910

8. Igidbashian S, Boveri S, Radice D, Casadio C, Spolti N, Sandri MT, et al.
Performance of self-sampled HPV test in comparison with liquid based cytology.
Eur ] Obstet Gynecol Reprod Biol (2014) 177:72-6. doi: 10.1016/j.ejogrb.2014.03.028

9. Yu BF, Han Y, Fu Q, Gao F, Jing P, Zheng G, et al. Awaken immune cells by
hapten enhanced intratumoral chemotherapy with penicillin prolong pancreatic cancer
survival. J Cancer (2023) 14(8):1282-92. doi: 10.7150/jca.82985

10. Yu B, Fu Q, Han Y, ZhangJ, Chen D. An acute inflammation with special expression
of CD11 & CD4 produces abscopal effect by intratumoral injection chemotherapy drug with
hapten in animal model. J Immunol Sci (2022) 6:1-9. doi: 10.29245/2578-3009/2022/3.1236

11. Tran LS, Mittal D, Mattarollo SR, Frazer IH. Interleukin-17A promotes arginase-
1 production and 2,4-dinitrochlorobenzene-induced acute hyperinflammation in
human papillomavirus E7 oncoprotein-expressing skin. J Innate Immun (2015) 7
(4):392-404. doi: 10.1159/000374115

12. Chen Z, Zhao M, Liang J, Hu Z, Huang Y, Li M, et al. Dissecting the single-cell
transcriptome network underlying esophagus non-malignant tissues and esophageal
squamous cell carcinoma. EBioMedicine (2021) 69:103459. doi: 10.1016/j.ebiom.2021.103459

13. Kechin A, Boyarskikh U, Kel A, Filipenko M. cutPrimers: A new tool for accurate
cutting of primers from reads of targeted next generation sequencing. ] Comput Biol
(2017) 24(11):1138-43. doi: 10.1089/cmb.2017.0096

14. Dobin A, Davis CA, Schlesingeret F, Drenkow J, Zaleski C, Jha S, et al. STAR:
ultrafast universal RNA-seq aligner. Bioinformatics (2013) 29(1):15-21. doi: 10.1093/
bioinformatics/bts635

15. Yu G, Wang LG, Han Y, He Q. clusterProfiler: an R package for comparing biological
themes among gene clusters. Omics (2012) 16(5):284-7. doi: 10.1089/0mi.2011.0118

Frontiers in Immunology

11

10.3389/fimmu.2023.1259723

was sponsored in part by Tai Mei Baofa Cancer Hospital, Dongping,
Shandong Province, China 271500.

Conflict of interest

Author BY was employed by the company Immune Oncology
Systems, Inc.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

16. Efremova M, Vento-Tormo M, Teichmann SA, Vento-Tormo R. CellPhoneDB:
inferring cell-cell communication from combined expression of multi-subunit ligand-
receptor complexes. Nat Protoc (2020) 15(4):1484-506. doi: 10.1038/s41596-020-
0292-x

17. Qiu X, Hill A, Packeret J, Lin D, Ma Y, Trapnell C. Single-cell mRNA
quantification and differential analysis with Census. Nat Methods (2017) 14(3):309—
15. doi: 10.1038/nmeth.4150

18. Donato VD, Bogani G, Casarin J, Ghezzi F, Malzoni M, Falcone F, et al. Ten-year
outcomes following laparoscopic and open abdominal radical hysterectomy for “low-
risk” early-stage cervical cancer: A propensity-score based analysis. Gynecol Oncol
(2023) 174:49-54. doi: 10.1016/j.ygyno.2023.04.030

19. Flannagan RS, Cosio G, Grinstein S. Antimicrobial mechanisms of phagocytes and
bacterial evasion strategies. Nat Rev Microbiol (2009) 7(12):355-66. doi: 10.1038/nrmicro2128

20. Zhao'Y, SuHT, Shen XF, Du J, Zhang X, Zhao Y. The immunological function of
CD52 and its targeting in organ transplantation. J Inflammation Res (2017) 66(7):571-
8. doi: 10.1007/s00011-017-1032-8

21. Vinay DS, Ryan EP, Pawelec G, Talib WH, Stagg J, Elkord E, et al. Immune
evasion in cancer: Mechanistic basis and therapeutic strategies. Semin Cancer Biol
(2015) 35 Suppl:S185-98. doi: 10.1016/j.semcancer.2015.03.004

22. Welsh §J, Bellamy WT, Briehl MM, Powis G. The redox protein thioredoxin-1
(Trx-1) increases hypoxia-inducible factor lalpha protein expression: Trx-1
overexpression results in increased vascular endothelial growth factor production
and enhanced tumor angiogenesis. Cancer Res (2002) 62(17):5089-95.

23. Ueno M, Masutani H, Arai RJ, Yamauchi A, Hirota K, Sakai T, et al.
Thioredoxin-dependent redox regulation of p53-mediated p21 activation. J Biol
Chem (1999) 274(50):35809-15. doi: 10.1074/jbc.274.50.35809

24. Mildner A, Jung S. Development and function of dendritic cell subsets.
Immunity (2014) 40(5). doi: 10.1016/j.immuni.2014.04.016

25. Shin JY, Wang CY, Lin CC, Chu C. A recently described type 2 conventional
dendritic cell (cDC2) subset mediates inflammation. Cell Mol Immunol (2020) 17
(12):1215-7. doi: 10.1038/s41423-020-0511-y

26. Broz ML, Binnewies M, Boldajipour B, Nelson AB, Pollack JL, Erleet DJ, et al.
Dissecting the tumor myeloid compartment reveals rare activating antigen-presenting
cells critical for T cell immunity. Cancer Cell (2014) 26(6):938. doi:
10.1016/j.ccell.2014.11.010

27. Giannini A, Donato VD, Sopracordevole F, Ciavattini A, Ghelardi A, Vizza E,
et al. Outcomes of high-grade cervical dysplasia with positive margins and HPV
persistence after cervical conization. Vaccines (Basel). (2023) 11(3):698.
doi: 10.3390/vaccines11030698

28. Fensterl V, Sen GC. The ISG56/IFIT1 gene family. J Interferon Cytokine Res
(2010) 31(1):71-8. doi: 10.1089/jir.2010.0101

frontiersin.org


https://doi.org/10.1016/j.jnma.2020.03.002
https://doi.org/10.1016/S0140-6736(18)32470-X
https://doi.org/10.1016/j.currproblcancer.2018.01.010
https://doi.org/10.1007/s00404-021-06217-1
https://doi.org/10.1080/08923973.2020.1765374
https://doi.org/10.1136/ijgc-2021-002492
https://doi.org/10.1002/jcb.240590910
https://doi.org/10.1016/j.ejogrb.2014.03.028
https://doi.org/10.7150/jca.82985
https://doi.org/10.29245/2578-3009/2022/3.1236
https://doi.org/10.1159/000374115
https://doi.org/10.1016/j.ebiom.2021.103459
https://doi.org/10.1089/cmb.2017.0096
https://doi.org/10.1093/bioinformatics/bts635
https://doi.org/10.1093/bioinformatics/bts635
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1038/s41596-020-0292-x
https://doi.org/10.1038/s41596-020-0292-x
https://doi.org/10.1038/nmeth.4150
https://doi.org/10.1016/j.ygyno.2023.04.030
https://doi.org/10.1038/nrmicro2128
https://doi.org/10.1007/s00011-017-1032-8
https://doi.org/10.1016/j.semcancer.2015.03.004
https://doi.org/10.1074/jbc.274.50.35809
https://doi.org/10.1016/j.immuni.2014.04.016
https://doi.org/10.1038/s41423-020-0511-y
https://doi.org/10.1016/j.ccell.2014.11.010
https://doi.org/10.3390/vaccines11030698
https://doi.org/10.1089/jir.2010.0101
https://doi.org/10.3389/fimmu.2023.1259723
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Chemical immune conization of precancerous cervical lesions awakens immune cells and restores normal HPV negative and abnormal proliferation
	Introduction
	Materials and methods
	Clinical specimens
	Tissue disassociation and cell collection
	Single-cell RNA sequencing
	Differentially expressed gene analysis
	Cell type annotation
	Single-cell copy number variation analysis
	Pathway enrichment analysis
	Trajectory analysis
	Intratumoral heterogeneity score calculation
	Cell–cell interaction analysis (CellPhoneDB)

	Results
	Clinical benefit characteristics
	Landscape of single-cell transcriptome sequencing before and after precancerous lesion treatment
	Changes in T cells before and after treatment of precancerous cervical lesions
	Time series analysis shows T-cell changes in precancerous cervical lesions before and after treatment
	Changes of MP cells in precancerous cervical lesions before and after treatment
	Changes in fibroblast group before and after treatment for precancerous cervical lesions
	Changes in cellular communication before and after treatment of precancerous cervical lesions

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


