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Objective: Primary biliary cholangitis (PBC) is an autoimmune disease with significant
gender difference. X chromosome inactivation (XCI) plays important roles in susceptibility
to diseases between genders. This work focuses on the differences of LncRNA XIST in
several defined immune cells populations as well as its effects on naive CD4+ T cells
proliferation and differentiation in patients with PBC.

Methods: NKs, B cells, CD4+ T, and CD8+ T cells were separated by MicroBeads from
peripheral blood mononuclear cells (PBMCs) of PBC patients and healthy control (HC).
The expression levels of LncRNA XIST in these immune cells were quantified by qRT-PCR
and their subcellular localized analyzed by FISH. Lentivirus were used to interfere the
expression of LncRNA XIST, and CCK8 was used to detect the proliferation of naive CD4+
T cells in PBC patients. Finally, naive CD4+ T cells were co-cultured with the bile duct
epithelial cells (BECs), and the effects of LncRNA XIST on the typing of naive CD4+ T cells
and related cytokines were determined by qRT-PCR and ELISA.

Results: The expression levels of LncRNA XIST in NKs and CD4+ T cells in PBC patients
were significantly higher than those in HC, and were primarily located at the nucleus.
LncRNA XIST could promote the proliferation of naive CD4+ T cells. When naive CD4+ T
cells were co-cultured with BECs, the expressions of IFN-g, IL-17, T-bet and RORgt in
naive CD4+ T cells were decreased.

Conclusion: LncRNA XIST was associated with lymphocyte abnormalities in patients
with PBC. The high expression of LncRNA XIST could stimulate proliferation and
differentiation of naive CD4+ T cells, which might account for the high occurrence of
PBC in female.

Keywords: Primary biliary cholangitis, LncRNA XIST, CD4+ T cells, NKs, Th1, Th17
1 INTRODUCTION

Primary Biliary Cholangitis (PBC) is a female predominant autoimmune disease characterized by
high titer of anti-mitochondrial antibodies (AMAs) and elevated Alkaline phosphatase (ALP) (1).
The incidence ratio of male to female is 1:9 (2). X chromosome is the chromosome with the highest
density of immune-related genes. In order to balance the immune system, a chromosome will be
org March 2022 | Volume 13 | Article 8164331
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permanently inactivated randomly in female development (3).
The association of X-chromosome inactivation (XCI) and
inflammatory diseases implicates its significance in the gender
predominance in autoimmunity (4–6). LncRNA XIST as a
critical factor for XCI based on its location within the
X-inactivation centre (XIC) and its unique expression pattern
that is completely female-specific in adult somatic cells (7).
LncRNA XIST engages with proteins in a modular and
developmentally controlled manner to coordinate chromatin
spreading and silencing (8).

Livers of patients with PBC are highly infiltrated with immune
cells around the small and medium bile ducts, which the ratio of
CD4/CD8 is reported to be as high as 2.45:1 (9). Dysregulation and
abnormal proportion of different subtypes of CD4+ T cells could
lead to immune disorders and autoimmune diseases (10). Previous
studieshad found that the imbalancebetweenCD4+Th1andCD4+
Th17 cells was the basis of the immune abnormalities and
pathological changes of PBC (11, 12). The characteristic cytokines
secreted by Th1 cells include Interferon-g (IFN-g) and Tumor
Necrosis Factor-a (TNF-a) (13). The characteristic cytokines
secreted by Th17 cells include IL-17, IL-5 and IL-6, which
mediated humoral immune response (14). Abnormal cytokines
often led to excessive inflammatory response and abnormal cell
typing, triggering autoimmune disorders, which contributed to the
occurrence of diseases (15). Previous studies had found that Xist
RNA localization at the Xi could be an important factor for
maintaining dosage compensation of X-linked genes in T cells,
and abnormal XCI maintenance in T cells was a feature of SLE
disease (16, 17). However, the relationship of LncRNA XIST and T
cells in PBC have not been done before.

LncRNA XIST is of great significance for the study of
autoimmune diseases with significant gender differences (18).
The in-depth study of LncRNA XIST in PBC will help to further
clarify the pathogenesis of PBC.
2 MATERIALS AND METHODS

This study was approved by the ethics committee of the Affiliated
Hospital of Qingdao University, and written informed consent
forms were obtained (approval number: QYFY WZLL 25571).

2.1 Cell Culture
Peripheral blood mononuclear cells (PBMCs) were collected
from 20 patients with PBC (PBC group) and 20 healthy
persons (healthy control group, HC) all matched for age and
gender. NK cells, B cells, CD4+ T cells and CD8+ T cells in
PBMCs were separated by MicroBeads (Miltenyi Biotec, Bergisch
Gladbach, Germany) following the manufacturer’s protocols
(19). Cells were cultured at 37°C, in an atmosphere with 5% CO2.

2.2 Flow Cytometry (FCM)
NK cells, B cells, CD4+ T cells and CD8+ T cells were collected
and labeled for 30 min at 4°C in the dark with the following
monoclonal antibodies (mAbs): CD56-PE, CD16-APC, CD19-
PE, CD45RA-FITC, CD4-APC, CD8-APC, CD3-PE according
to the manufacturer’s instructions. The FACS Canto II
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instrument (BD Immunocytometry Systems, CA, USA) was
used for data acquisition. Data were analyzed with Diva-8 (BD
Immunocytometry Systems, CA, USA) and FlowJo (Tree Star,
OR, USA) software.

2.3 Fluorescence In Situ Hybridization
(FISH)
The subcellular localization of lncRNA XIST in the immune cells
was identified based on the instructions of LncRNA FISH Probe
Mix (CY3 labeled probe) with the application of a FISH assay.
NK cells, B cells, CD4+ T cells and CD8+ T cells were fixed on
the slide by cytocentrifuge. Add LncRNA FISH Probe Mix (Red)
following the manufacturer’s protocols. LncRNA XIST probe
were purchased from Shanghai GenePharma Co. After drying,
cover with coverslip and observe under confocal laser scanning
microscope (20).

2.4 Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR)
Total RNA was isolated from cells using RNAiso Plus (TaKaRa,
Dalian, China). The cDNA was synthesized from 2.5mg RNA
using a commercial One-Step PrimeScript RT-PCR Kit (TaKaRa,
Dalian, China). qRT-PCR was monitored online using Roche
480 (Roche, USA). The relative gene expression was normalized
to GAPDH and calculated using the 2−DDCT method, where CT
was the cycle threshold. The primer sequences are shown
in Table 1.

2.5 CCK-8 Detection
The naive CD4+ T cells were cultured at 37°C for 3 days, and 10
mL/well CCK-8 detection reagents (Solarbio, China) were added
to the 96-well culture plate following the manufacturer’s
protocols. After incubation for 2 h at 37°C, the OD value at
450 nm was measured.

2.6 Expression Interference of LncRNA
XIST in CD4+ T cells
2.6.1 siRNA Sequence Screening
Lipofectamine 2000 was mixed with three different siRNA for
20min at room temperature, and then separately added the naive
TABLE 1 | Primer sequences.

Primer Primer Sequences

GAPDH F: GGAGCGAGATCCCTCCAAAAT
R: GGCTGTTGTCATACTTCTCATGG

h-IFN-g F: CGCCAGAGTGGTTATCTTTTGA
R: CGGTAGTGAACCCGTTGATGT

h-RORgt F: GACAGGGCCCCACAGAGA
R: TTTGTGAGGTGTGGGTCTTCTTT

IL-4 F: CACAGAAGGCAGGGAGTGTGT
R: AGCCTTCGCTTGGGCTTAAT

h-T-bet F: GCCTACCAGAATGCCGAGATT
R: ATCTCCCCCAAGGAATTGACA

h-IL-17 F: CGCGTTTCCATGTCACGTAA
R: GATGTCTTCCTTTCCTTGAGCATT

h-GATA-3 F: CACAGAAGGCAGGGAGTGTGT
R: AGCCTTCGCTTGGGCTTAAT
Marc
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CD4+ T cells culture medium following the manufacturer’s
protocols. The siRNA (GenePharma Co, Shanghai, China)
interference sequence screened is:

XIST-homo-3639: GCUGACUACCUGAGAUUUATT,

UAAAUCUCAGGUAGUCAGCTT;

XIST-homo-5529: GCUUCUAACUAGCCUGAAUTT,

AUUCAGGCUAGUUAGAAGCTT;

XIST-homo-6167: GCAUGCAUCUUGGACAUUUTT,

AAAUGUCCAAGAUGCAUGCTT.

RNA was extracted from naive CD4+ T cells after
interference, and the expression level of LncRNA XIST in RNA
level was detected by qRT-PCR to determine the effectiveness.

2.6.2 Cell Transfection
Lentiviral plasmid containing XIST-homo-3639 (oeXIST) and
lentiviral empty plasmid (oeNC) were generated. Naive CD4+ T
cells of appropriate density were cultured in 24-well plates. The
serum-free RPMI 1640 medium was replaced and starved for 2h.
Lipofectamine 2000 and Lentivirus (Heyuan Biotechnology,
shanghai, China) were diluted, mixed and added into cells
medium for further culture. Naive CD4 cells at 5×104 cells/well
in 96-well with oeXIST were used as treatment group, and oeNC
were used as control group, and then co-cultured with BECs at a
rate of 1:1 respectively (21).

2.7 Enzyme-Linked Immunosorbent
Assay (ELISA)
The protein levels were verified using an ELISA kit (Cloud-Clone
Corp, Wuhan, China) to measure change in IFN-g, IL-4 and IL-17
after naive CD4+ T cells were co-cultured with BECs. Naive CD4+
T cells were co-cultured with BECs in 96-well plates for 3 days.
The supernatants were harvested, and the levels of cytokines (IFN-
g, IL-4 and IL-17) in the supernatants were determined using the
ELISA kit following the manufacturer’s protocols.

2.8 Statistical Analysis
Date was analyzed using GraphPad Prism version 7.0 software.
Data were expressed as mean ± standard error of mean and all
experiments were repeated at least three times. Group
comparisons were performed using an unpaired, two-tailed
Student t test. Multiple group comparisons were performed
Frontiers in Immunology | www.frontiersin.org 3
through analysis of variance (ANOVA). A two-way ANOVA
was used when data with more than one factor were analyzed.
P values less than 0.05 were considered statistically significant.
3 RESULTS

3.1 Differential Expression of LncRNA XIST
in Immune Cells of PBC Patients
The relevant clinical indicators ofPBCpatients andHCwere shown
in Table 2. CD4+ T cells, NK cells, CD8+ T cells and B cells were
purified from PBMC of patients with PBC and HC by Microbeads
(Figure S1). There was no significant difference between the
immune cells of PBC patients and HC under normal electron
microscopy, but there were some differences in the levels of XIST
ex1 and XIST ex5 were examined by qRT-PCR. The expression of
LncRNA XIST in CD4+ T cells and NK cells were significantly
higher in PBC patients than that in HC (1.26 ± 0.09 vs 0.48 ± 0.19,
1.19 ± 1.23 vs 0.34 ± 0.31, p<0.01 and p<0.05). There was no
difference in the expression of LncRNA XIST in B cells and CD8+
T cells of PBC patients compared with HC (0.65 ± 0.40 vs 0.35 ±
0.30 and 0.74 ± 0.37 vs 0.34 ± 0.31, p>0.05) (Figure 1).

3.2 The Localization of LncRNA XIST in
Immune Cells of PBC Patients
The subcellular localization of lncRNA XIST in the immune cells
was identified based on the instructions of LncRNA FISH Probe
(CY3 labeled) with the application of a FISH assay. The results
showed that LncRNA XIST was clearly located and abundant in
CD4+ T nuclei in PBC patients (Red-LncRNA XIST, Blue-DAPI)
(Figures 2A–D). The expression levels of LncRNA XIST in CD4+
T cells in PBC patients were significantly higher in PBC than
that in other groups (1 ± 0 vs 0.37 ± 0.03, 1 ± 0 vs 0.3 ± 0.02, 1 ± 0
vs 0.29 ± 0.01, p<0.005). In addition, the expression levels of
LncRNA XIST in NK cells in PBC patients were also higher than
that in B cells (0.37 ± 0.03 vs 0.29 ± 0.01, p<0.05) (Figure 2E).

3.3 Expression Interference of LncRNA
XIST in CD4+ T Cells
Three distinct siRNA (siXIST-3639, siXIST-5529 and siXIST-6167)
were examined for their capacity in interfering LncRNA XIST
expression in naive CD4+ T cells (Figure 3A). Specifically, siXIST-
3639 effectively reduced the expression of LncRNA XIST but not
TABLE 2 | The relevant clinical indicators of PBC patients and HC.

Index PBC (n=20) HC (n=20) P

Female 100% 100%
age 59.90 ± 6.24 55.18 ± 5.06
AMA 100% 0%
ALT (U/L) 134.24 ± 52.76 19.86 ± 9.43 <0.001
AST (U/L) 63.89 ± 31.23 26.49 ± 12.72 <0.001
TBIL (mmol/L) 89.76 ± 68.51 13.20 ± 3.79 <0.001
ALP (U/L) 160.94 ± 92.90 66.34 ± 19.19 <0.001
IgM (g/L) 1.88 ± 1.30 0.79 ± 0.21 <0.001
March 2022 | Volume 13 | Article
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the other two siRNAs tested (Figure 3B). To maintain low
expression of LncRNA XIST in naive CD4+ T cells. The selected
sequences were prepared to interfere with naive CD4+ T cells by
lentiviruses. As expected, the expression of LncRNA XIST in naive
CD4+ T cells was significantly reduced when naive CD4+ T cells
were treated with lentivirus oeXIST-3639(0.55 ± 0.12 vs 0.24 ± 0.11,
1.28 ± 0.11 vs 0.65 ± 0.14, p<0.01) (Figure 3C). Using FISH,
reduction of the number of LncRNA XIST localized in naive
CD4+ T cells were demonstrated (Figure 3D).

3.4 LncRNA XIST Affects the Proliferation
of Naive CD4+ T Cells and Production of
IFN-g, IL-17, T-Bet and RORgt
The proliferation of naive CD4+ T cells in PBC patients after
interference of LncRNA XIST expression by lentivirus was
analyzed by CCK8. Compared with naive CD4+ T cells in the
Frontiers in Immunology | www.frontiersin.org 4
oeNC group, the proliferation ability of naive CD4+ T cells in the
oeXIST group was decreased at different time periods
(p<0.05) (Figure 4A).

In order to determine the effect of LncRNA XIST on the
differentiation of naive CD4+ T cells, we co-cultured naive CD4+
T cells from PBC patients with BECs for three days. Compared
with oeNC group, the expression of IFN-g, IL-17, T-bet, and
RORgt was decreased in oeXIST group in PBC patients (2.10 ±
1.32 vs 0.75 ± 0.99; 1.49 ± 0.36 vs 0.75 ± 0.5; 2.28 ± 0.84 vs 0.91 ±
0.50; and 1.23 ± 0.61 vs 0.48 ± 0.22. p<0.05, p<0.01, p<0.01 and
p<0.05), while there was no statistical significance in IL-4 and
GATA-3 expression in RNA levels (1.07 ± 0.57 vs 0.67 ± 0.52; 1.40 ±
0.91 vs 0.97 ± 0.73. p>0.05) (Figure 4B). The expression of IFN-g,
IL-17and IL-4 were also validated at the protein levels by ELISA.
Compared with oeNC controls, the expression levels of IFN-g
and IL-17 was decreased in naive CD4+ T cells of oeXIST group in
A

B

C

D

FIGURE 1 | Differential expression of LncRNA XIST in immune cells of PBC patients. Representative images (left, under electron microscope) and qRT-PCR (right)
showing expression levels of LncRNA XIST in CD4+ T cells (A), NK cells (B), CD8+ T cells (C) and B cells (D) from PBC patients (n=20) and healthy controls (n=20).
Results presented as mean ± SEM *significantly higher than control. (*p < 0.05; **p < 0.01).
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A

B

C

D

E

FIGURE 2 | The localization of LncRNA XIST in immune cells of PBC patients were different. Representative images (confocal laser scanning microscope) and the
subcellular localization of lncRNA XIST in the immune cells was identified. Red: CY3 labeled LncRNA XIST, blue: DAPI staining. Localization of LncRNA XIST in CD4+
T cells (A), CD8+ T cells (B), NK cells (C), B cells (D) of PBC patients (n=20) were different. (E) Relative expression of LncRNA XIST in CD4+ T cells, CD8+ T cells,
NK cells, B cells. The data are presented as mean ± SEM of three independent experiments (*p < 0.05; ***p < 0.001).
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A

B

C

D

FIGURE 3 | Expression interference of LncRNA XIST in CD4+ T cells of PBC patients. (A) Representative images (fluorescent microscope) and naive CD4+ T cells
were transfected with siXIST-3639, siXIST-5529, or siXIST-6167, respectively. (B) The levels of XIST-ex1 and XIST ex-5 were examined by qRT-PCR in naive CD4+
T cells transfected with siRNA negative control (siXIST-NC), siXIST-3639, siXIST-5529, or siXIST-6167, respectively. The data are presented as mean ± SEM of three
independent experiments (n=3 *p < 0.05; **p < 0.01). (C) Representative images (fluorescent microscope) and qRT-PCR was used to detect the expression of
LncRNA XIST at RNA level after naive CD4+ T cells were transfected with lentiviral oeXIST. The data are presented as mean ± SEM of three independent experiments
(n=3, *p < 0.05; **p < 0.01). (D) Representative images (confocal laser scanning microscope) and LncRNA XIST is localized in the nucleus of naive CD4+ T cells
were transfected with lentiviral oeXIST.
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PBC patients (42.29 ± 3.03 vs 30.13 ± 2.13, p<0.01 and 130.61 ±
12.30 vs 87.00 ± 8. 97, p<0.01). There was no change in IL-4
expression (112.28 ± 13.63 vs 90.34 ± 4.88, p>0.05) (Figure 4C).
4 DISCUSSION

PBC is female predominant autoimmune disease of the liver
mainly characterized by positive AMAs and elevated ALP. The
gender difference in PBC is one of the highest among
autoimmune disease and the ratio of female to male can be as
high as 9:1 (22). Recent studies have suggested that chronic high
expression of IFN-g and the interplay of type I/II interferon
could be contributing to the pathogenesis and gender difference
in PBC, however the underlying mechanism of such significant
gender imbalance in PBC remains an enigma (23–25).

XIST has functions beyond XCI and suggests that XIST can
contribute to sex-specific differences underlying inflammatory
response by attenuating acute inflammation in women (20).
Frontiers in Immunology | www.frontiersin.org 7
LncRNA XIST silencing protects against sepsis-induced acute
liver injury via inhibition of the BRD4 expression (26). X-linked
gene expression and XIST RNA interactome genes are altered in
SLE patient activated B cells (27, 28). Thus, we hypothesized that
altered XCI could be a triggering juncture in the pathogenesis of
female predominant autoimmune response in PBC.

It is of great significance to explore the pathogenesis of PBC
from the direction of the serious imbalance of the male-female
incidence ratio (29). In this study, our data showed that LncRNA
XIST was correlated with lymphocyte abnormalities in PBC
patients. Compared with the HC, the expression of LncRNA
XIST in NK cells and CD4+ T cells of PBC patients were higher.
Then, lentivirus was used to stably interfere with the expression of
LncRNA XIST in naive CD4+ T cells. It was found that the
proliferation ability of naive CD4+ T cells was reduced.
Compared with the oeNC group, the differentiation of naive
CD4+ T cells into Th1 and Th17 was significantly lower in
oeXIST group in PBC patients, which suggested that LncRNA
XIST was significantly associated with Th1 and Th17 differentiation.
A

B

C

FIGURE 4 | LncRNA XIST affects the proliferation and difference of naive CD4+ T cells. (A) The proliferation of naive CD4+ T cells in PBC patients (n=20) was
analyzed by CCK8. Compared with naive CD4+ T cells in the oeNC group, the proliferation ability of naive CD4+ T cells in the oeXIST group was decreased at
different time periods. The data are presented as mean ± SEM of three independent experiments. *p < 0.05. (B) After co-culture, qRT-PCR was used to detect the
expression of IFN-g, IL-4, IL-17, T-bet, GATA-3 and RORgt in PBC patients (n=20). The data are presented as mean ± SEM of three independent experiments (*p <
0.05; **p < 0.01). (C) After co-culture, the expression level of IFN-g, IL-4 and IL-17 at the protein level in PBC patients (n=20) were detected by ELISA. The data are
presented as mean ± SEM of three independent experiments (*p < 0.05; **p < 0.01).
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Pathological of PBC patients showed that there was
infiltration of immune cells around the small and medium bile
ducts in the liver, mainly CD4+ and CD8+ T cells, and the ratio
of CD4+ to CD8+ T cells was seriously unbalanced (30). A large
number of studies had proved that CD4+ T cells were of great
significance in the pathogenesis of PBC (31). Meanwhile, Th1/
Th2 imbalance was the immunological basis for the occurrence
of PBC (32). Th1, Th2, Th17 and Treg cells were differentiated
from naive CD4+ T cells (33). Therefore, the abnormal
differentiation of naive CD4+ T cells might be related to the
pathogenesis of PBC (34, 35).

As previous studies had shown, abnormal expression of
LncRNA XIST could affect XCI, leading to the occurrence of
female predominance diseases (36). The effect of LncRNA XIST
on naive CD4+ T cells was further explored by interfering the
expression of LncRNA XIST in naive CD4+ T cells. CCK8 assay
showed that the proliferation ability of naive CD4+ T cells in
oeXIST group was reduced, indicating that LncRNA XIST could
affect the proliferation of naive CD4+ T cells. This finding is also
consistent with the increase of CD4+ T cells in PBC patients and
the aggregation phenomenon in BECs (37). Therefore, LncRNA
XIST can affect the proliferation of CD4+ T cells.

The study found that the expression of IFN-g, IL-17, T-bet
and RORgt secreted by naive CD4+ T cells in the oeXIST group
were lower than in oeNC group. IFN-g, IL-17, T-bet and RORgt
were major factor associated with Th1 and Th17 differentiation.
We speculated that LncRNA XIST affected cytokine secretion of
naive CD4+ T cells, which might increase the inflammatory
response of intrahepatic BECs, thereby contributing to the
occurrence of PBC subsequently. The increased content of
LncRNA XIST in PBC patients might disturb the inactivation
of X chromosome, leading to the escape of immune-related genes
on X chromosome, resulting in increased secretion of immune-
related cytokines, thus affecting the differentiation of Th1 and
Th17. The reciprocal regulation between LncRNA XIST and
naive CD4+ T cells might explain, at least in part, the occurrence
of female predominance in PBC.

Although LncRNA XIST cannot encode proteins, it may
indirectly regulate the expression of target genes by inducing
epigenetic modification of genes or acting as miRNA sponge to
adsorb miRNA, thus participating in the occurrence of diseases
(38). Meanwhile, XCI abnormalities are often accompanied by
the escape of immune-related genes (39, 40). For example, on a
lupus prone mouse model, the X-linked gene Tlr8 was
biallelically expressed in a subset of BMDMs, supporting the
hypothesis that inefficient silencing of Tlr8 in females contributes
to SLE susceptibility (41). It is necessary to further study which
genes in PBC escape to explore the specific mechanism of PBC
predisposition in women.

In our study, LncRNA XIST was also expressed in NK cells.
However, due to the primary NK cells are difficult to transfect
and the culture cycle is short, most NK cells died in the process of
co-culture and could not be followed up, so the transfection of
NK cells failed. We hope to find a better breakthrough in future
NK cell research. It is expected that the study of LncRNA XIST in
Frontiers in Immunology | www.frontiersin.org 8
different immune cells of autoimmune diseases with significant
gender differences will be further improved. In addition, since
most LncRNA XIST is produced in the nucleus, further
investigation is needed to answer the question of how LncRNA
XIST functions in PBC and related signaling pathways.
5 CONCLUSIONS

LncRNA XIST was associated with lymphocyte abnormalities in
patients with PBC. The high expression of LncRNA XIST could
stimulate proliferation and differentiation of naive CD4+ T cells,
which might contribute to the occurrence of PBC. Therefore, this
study provides a direction for further exploration of the
pathogenesis of PBC.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of the Affiliated Hospital of
Qingdao University. The patients/participants provided their
written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

CS and BL were responsible for the experiment design. YFY and
BZ were responsible for the experiment. YY was responsible for
the data collation. QL and PL were responsible for the paper
writing. All authors contributed to the article and approved the
submitted version.
FUNDING

This work was supported by National Natural Science
Foundation of China (Grant No. 8167060249 and Grant No.
81241094), the Natural Science Foundation of Shandong
Province, China (Grant No. ZR2016HM13).
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2022.816433/
full#supplementary-material
March 2022 | Volume 13 | Article 816433

https://www.frontiersin.org/articles/10.3389/fimmu.2022.816433/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.816433/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


She et al. LncRNA XIST Effects CD4+T Cells
REFERENCES
1. Lindor KD, Gershwin ME, Poupon R, Kaplan M, Bergasa NV, Heathcote EJ.

Primary Biliary Cirrhosis. Hepatol (Baltimore Md) (2009) 50(1):291–308. doi:
10.1002/hep.22906

2. Reshetnyak VI. Primary Biliary Cirrhosis: Clinical and Laboratory Criteria for
Its Diagnosis. World J Gastroenterol (2015) 21(25):7683–708. doi: 10.3748/
wjg.v21.i25.7683

3. Bianchi I, Lleo A, Gershwin ME, Invernizzi P. The X Chromosome and
Immune Associated Genes. J Autoimmun (2012) 38(2-3):J187–192. doi:
10.1016/j.jaut.2011.11.012

4. Galupa R, Heard E. X-Chromosome Inactivation: A Crossroads Between
Chromosome Architecture and Gene Regulation. Annu Rev Genet (2018)
52:535–66. doi: 10.1146/annurev-genet-120116-024611

5. Schwinge D, Schramm C. Sex-Related Factors in Autoimmune Liver
Diseases. Semin Immunopathol (2019) 41(2):165–75. doi: 10.1007/s00281-
018-0715-8

6. Chiriaco M, Salfa I, Ursu GM, Cifaldi C, Di Cesare S, Rossi P, et al.
Immunological Aspects of X-Linked Chronic Granulomatous Disease
Female Carriers. Antioxid (Basel Switzerland) (2021) 10(6). doi: 10.3390/
antiox10060891

7. Disteche CM, Berletch JB. X-Chromosome Inactivation and Escape. J Genet
(2015) 94(4):591–9. doi: 10.1007/s12041-015-0574-1

8. Chu C, Zhang QC, da Rocha ST, Flynn RA, Bharadwaj M, Calabrese JM, et al.
Systematic Discovery of Xist RNA Binding Proteins. Cell (2015) 161(2):404–
16. doi: 10.1016/j.cell.2015.03.025

9. Carey EJ. Progress in Primary Biliary Cholangitis. N Engl J Med (2018) 378
(23):2234–5. doi: 10.1056/NEJMe1804945

10. Zhang H, Nestor CE, Zhao S, Lentini A, Bohle B, Benson M, et al. Profiling of
Human CD4+ T-Cell Subsets Identifies the TH2-Specific Noncoding RNA
GATA3-As1. J Allergy Clin Immunol (2013) 132(4):1005–8. doi: 10.1016/
j.jaci.2013.05.033

11. Yang CY, Ma X, Tsuneyama K, Huang S, Takahashi T, Chalasani NP, et al. IL-
12/Th1 and IL-23/Th17 Biliary Microenvironment in Primary Biliary
Cirrhosis: Implications for Therapy. Hepatol (Baltimore Md) (2014) 59
(5):1944–53. doi: 10.1002/hep.26979

12. Selmi C, Mayo MJ, Bach N, Ishibashi H, Invernizzi P, Gish RG, et al. Primary
Biliary Cirrhosis in Monozygotic and Dizygotic Twins: Genetics, Epigenetics,
and Environment. Gastroenterology (2004) 127(2):485–92. doi: 10.1053/
j.gastro.2004.05.005

13. Collier SP, Henderson MA, Tossberg JT, Aune TM. Regulation of the Th1
Genomic Locus From Ifng Through Tmevpg1 by T-Bet. J Immunol (Baltimore
Md: 1950) (2014) 193(8):3959–65. doi: 10.4049/jimmunol.1401099

14. Kouroumalis E, Samonakis D, Voumvouraki A. Biomarkers for Primary
Biliary Cholangitis: Current Perspectives. Hepatic Med: Evid Res (2018)
10:43–53. doi: 10.2147/HMER.S135337

15. Longhi MS, Ma Y, Mieli-Vergani G, Vergani D. Aetiopathogenesis of
Autoimmune Hepatitis. J Autoimmun (2010) 34(1):7–14. doi: 10.1016/
j.jaut.2009.08.010

16. Syrett CM, Paneru B, Sandoval-Heglund D, Wang J, Banerjee S, Sindhava
V, et al. Altered X-Chromosome Inactivation in T Cells may Promote Sex-
Biased Autoimmune Diseases. JCI Insight (2019) 4(7). doi: 10.1172/
jci.insight.126751

17. Liu AY, Torchia BS, Migeon BR, Siliciano RF. The Human NTT Gene:
Identification of a Novel 17-kb Noncoding Nuclear RNA Expressed in
Activated CD4+ T Cells. Genomics (1997) 39(2):171–84. doi: 10.1006/
geno.1996.4463

18. Augui S, Nora EP, Heard E. Regulation of X-Chromosome Inactivation by the
X-Inactivation Centre. Nat Rev Genet (2011) 12(6):429–42. doi: 10.1038/
nrg2987

19. Zhang W, Ono Y, Miyamura Y, Bowlus CL, Gershwin ME, Maverakis E. T
Cell Clonal Expansions Detected in Patients With Primary Biliary Cirrhosis
Express CX3CR1. J Autoimmun (2011) 37(2):71–8. doi: 10.1016/j.jaut.2011.
05.009

20. Shenoda BB, Ramanathan S, Gupta R, Tian Y, Jean-Toussaint R,
Alexander GM, et al. Xist Attenuates Acute Inflammatory Response by
Female Cells. Cell Mol Life Sci: CMLS (2021) 78(1):299–316. doi: 10.1007/
s00018-020-03500-3
Frontiers in Immunology | www.frontiersin.org 9
21. Shimoda S, Hisamoto S, Harada K, Iwasaka S, Chong Y, Nakamura M, et al.
Natural Killer Cells Regulate T Cell Immune Responses in Primary Biliary
Cirrhosis. Hepatol (Baltimore Md) (2015) 62(6):1817–27. doi: 10.1002/
hep.28122

22. Sun Y, Haapanen K, Li B, Zhang W, Van de Water J, Gershwin ME. Women
and Primary Biliary Cirrhosis. Clin Rev Allergy Immunol (2015) 48(2-3):285–
300. doi: 10.1007/s12016-014-8449-4

23. Bae HR, Leung PS, Tsuneyama K, Valencia JC, Hodge DL, Kim S, et al.
Chronic Expression of Interferon-Gamma Leads to Murine Autoimmune
Cholangitis With a Female Predominance. Hepatol (Baltimore Md) (2016) 64
(4):1189–201. doi: 10.1002/hep.28641

24. Bae HR, Hodge DL, Yang GX, Leung PSC, Chodisetti SB, Valencia JC, et al.
The Interplay of Type I and Type II Interferons in Murine Autoimmune
Cholangitis as a Basis for Sex-Biased Autoimmunity. Hepatol (Baltimore Md)
(2018) 67(4):1408–19. doi: 10.1002/hep.29524

25. Bae HR, Leung PSC, Hodge DL, Fenimore JM, Jeon SM, Thovarai V, et al.
Multi-Omics: Differential Expression of IFN-g Results in Distinctive
Mechanistic Features Linking Chronic Inflammation, Gut Dysbiosis, and
Autoimmune Diseases. J Autoimmun (2020) 111:102436. doi: 10.1016/
j.jaut.2020.102436

26. Shen C, Li J. LncRNA XIST Silencing Protects Against Sepsis-Induced Acute
Liver Injury via Inhibition of BRD4 Expression. Inflammation (2021) 44
(1):194–205. doi: 10.1007/s10753-020-01321-x

27. Pyfrom S, Paneru B, Knox JJ, Cancro MP, Posso S, Buckner JH, et al. The
Dynamic Epigenetic Regulation of the Inactive X Chromosome in Healthy
Human B Cells Is Dysregulated in Lupus Patients. Proc Natl Acad Sci USA
(2021) 118(24). doi: 10.1073/pnas.2024624118

28. Laskowski AI, Neems DS, Laster K, Strojny-Okyere C, Rice EL, Konieczna IM,
et al. Varying Levels of X Chromosome Coalescence in Female Somatic Cells
Alters the Balance of X-Linked Dosage Compensation and Is Implicated in
Female-Dominant Systemic Lupus Erythematosus. Sci Rep (2019) 9(1):8011.
doi: 10.1038/s41598-019-44229-9

29. Aune TM, Spurlock CF3rd. Long Non-Coding RNAs in Innate and Adaptive
Immunity. Virus Res (2016) 212:146–60. doi: 10.1016/j.virusres.2015.07.003

30. Bowlus CL, Gershwin ME. The Diagnosis of Primary Biliary Cirrhosis.
Autoimmun Rev (2014) 13(4-5):441–4. doi: 10.1016/j.autrev.2014.01.041

31. Lleo A, Leung PSC, Hirschfield GM, Gershwin EM. The Pathogenesis of
Primary Biliary Cholangitis: A Comprehensive Review. Semin Liver Dis (2020)
40(1):34–48. doi: 10.1055/s-0039-1697617

32. Li Y, Tang R, Leung PSC, Gershwin ME, Ma X. Bile Acids and Intestinal
Microbiota in Autoimmune Cholestatic Liver Diseases. Autoimmun Rev
(2017) 16(9):885–96. doi: 10.1016/j.autrev.2017.07.002

33. Vahlenkamp TW, Tompkins MB, Tompkins WA. The Role of CD4+CD25+
Regulatory T Cells in Viral Infections. Vet Immunol Immunopathol (2005)
108(1-2):219–25. doi: 10.1016/j.vetimm.2005.07.011

34. Li SL, Yu Y, Yang P, Wang H, Zhang C, Liu M, et al. Trichloroethylene Alters
Th1/Th2/Th17/Treg Paradigm in Mice: A Novel Mechanism for Chemically
Induced Autoimmunity. Int J Toxicol (2018) 37(2):155–63. doi: 10.1177/
1091581818757036

35. Pulendran B, Tang H, Manicassamy S. Programming Dendritic Cells to
Induce T(H)2 and Tolerogenic Responses. Nat Immunol (2010) 11(8):647–
55. doi: 10.1038/ni.1894

36. Heward JA, Lindsay MA. Long Non-Coding RNAs in the Regulation of the
Immune Response. Trends Immunol (2014) 35(9):408–19. doi: 10.1016/j.it.
2014.07.005

37. Joshita S, Umemura T, Tanaka E, Ota M. Genetic Contribution to the
Pathogenesis of Primary Biliary Cholangitis. J Immunol Res (2017)
2017:3073504. doi: 10.1155/2017/3073504

38. Carbo A, Hontecillas R, Andrew T, Eden K, Mei Y, Hoops S, et al.
Computational Modeling of Heterogeneity and Function of CD4+ T Cells.
Front Cell Dev Biol (2014) 2:31. doi: 10.3389/fcell.2014.00031

39. Navarro-Cobos MJ, Balaton BP, Brown CJ. Genes That Escape From X-
Chromosome Inactivation: Potential Contributors to Klinefelter Syndrome.
Am J Med Genet Part C Semin Med Genet (2020) 184(2):226–38. doi: 10.1002/
ajmg.c.31800

40. Tukiainen T, Villani AC, Yen A, Rivas MA, Marshall JL, Satija R, et al.
Landscape of X Chromosome Inactivation Across Human Tissues. Nature
(2017) 550(7675):244–8. doi: 10.1038/nature24265
March 2022 | Volume 13 | Article 816433

https://doi.org/10.1002/hep.22906
https://doi.org/10.3748/wjg.v21.i25.7683
https://doi.org/10.3748/wjg.v21.i25.7683
https://doi.org/10.1016/j.jaut.2011.11.012
https://doi.org/10.1146/annurev-genet-120116-024611
https://doi.org/10.1007/s00281-018-0715-8
https://doi.org/10.1007/s00281-018-0715-8
https://doi.org/10.3390/antiox10060891
https://doi.org/10.3390/antiox10060891
https://doi.org/10.1007/s12041-015-0574-1
https://doi.org/10.1016/j.cell.2015.03.025
https://doi.org/10.1056/NEJMe1804945
https://doi.org/10.1016/j.jaci.2013.05.033
https://doi.org/10.1016/j.jaci.2013.05.033
https://doi.org/10.1002/hep.26979
https://doi.org/10.1053/j.gastro.2004.05.005
https://doi.org/10.1053/j.gastro.2004.05.005
https://doi.org/10.4049/jimmunol.1401099
https://doi.org/10.2147/HMER.S135337
https://doi.org/10.1016/j.jaut.2009.08.010
https://doi.org/10.1016/j.jaut.2009.08.010
https://doi.org/10.1172/jci.insight.126751
https://doi.org/10.1172/jci.insight.126751
https://doi.org/10.1006/geno.1996.4463
https://doi.org/10.1006/geno.1996.4463
https://doi.org/10.1038/nrg2987
https://doi.org/10.1038/nrg2987
https://doi.org/10.1016/j.jaut.2011.05.009
https://doi.org/10.1016/j.jaut.2011.05.009
https://doi.org/10.1007/s00018-020-03500-3
https://doi.org/10.1007/s00018-020-03500-3
https://doi.org/10.1002/hep.28122
https://doi.org/10.1002/hep.28122
https://doi.org/10.1007/s12016-014-8449-4
https://doi.org/10.1002/hep.28641
https://doi.org/10.1002/hep.29524
https://doi.org/10.1016/j.jaut.2020.102436
https://doi.org/10.1016/j.jaut.2020.102436
https://doi.org/10.1007/s10753-020-01321-x
https://doi.org/10.1073/pnas.2024624118
https://doi.org/10.1038/s41598-019-44229-9
https://doi.org/10.1016/j.virusres.2015.07.003
https://doi.org/10.1016/j.autrev.2014.01.041
https://doi.org/10.1055/s-0039-1697617
https://doi.org/10.1016/j.autrev.2017.07.002
https://doi.org/10.1016/j.vetimm.2005.07.011
https://doi.org/10.1177/1091581818757036
https://doi.org/10.1177/1091581818757036
https://doi.org/10.1038/ni.1894
https://doi.org/10.1016/j.it.2014.07.005
https://doi.org/10.1016/j.it.2014.07.005
https://doi.org/10.1155/2017/3073504
https://doi.org/10.3389/fcell.2014.00031
https://doi.org/10.1002/ajmg.c.31800
https://doi.org/10.1002/ajmg.c.31800
https://doi.org/10.1038/nature24265
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


She et al. LncRNA XIST Effects CD4+T Cells
41. Syrett CM, Anguera MC.When the Balance Is Broken: X-Linked Gene Dosage
From Two X Chromosomes and Female-Biased Autoimmunity. J Leukocyte
Biol (2019) 106(4):919–32. doi: 10.1002/JLB.6RI0319-094R

Conflict of Interest: The 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
Frontiers in Immunology | www.frontiersin.org 10
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.

Copyright © 2022 She, Yang, Zang, Yao, Liu, Leung and Liu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2022 | Volume 13 | Article 816433

https://doi.org/10.1002/JLB.6RI0319-094R
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Effect of LncRNA XIST on Immune Cells of Primary Biliary Cholangitis
	1 Introduction
	2 Materials and Methods
	2.1 Cell Culture
	2.2 Flow Cytometry (FCM)
	2.3 Fluorescence In Situ Hybridization (FISH)
	2.4 Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	2.5 CCK-8 Detection
	2.6 Expression Interference of LncRNA XIST in CD4+ T cells
	2.6.1 siRNA Sequence Screening
	2.6.2 Cell Transfection

	2.7 Enzyme-Linked Immunosorbent Assay (ELISA)
	2.8 Statistical Analysis

	3 Results
	3.1 Differential Expression of LncRNA XIST in Immune Cells of PBC Patients
	3.2 The Localization of LncRNA XIST in Immune Cells of PBC Patients
	3.3 Expression Interference of LncRNA XIST in CD4+ T Cells
	3.4 LncRNA XIST Affects the Proliferation of Naive CD4+ T Cells and Production of IFN-&gamma;, IL-17, T-Bet and ROR&gamma;t

	4 Discussion
	5 Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	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 /LeaveColorUnchanged
  /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


