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Characterization of chemokine
and cytokine expression
pattern in tuberculous
lymphadenitis patient
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Bobby Hendrawan®, David Karunia Jaya* and Paul L. Tahalele®

'Faculty of Medicine, Widya Mandala Surabaya Catholic University, Surabaya, Indonesia, ?Faculty of
Pharmacy, Widya Mandala Surabaya Catholic University, Surabaya, Indonesia

Introduction: C-C chemokine receptor-2 (CCR-2) and C-C chemokine
ligand-5 (CCL-5) play an important role in the migration of monocytes,
macrophages, dendritic cells, and activated T cells against Mycobacterium
tuberculosis (M.tb). Meanwhile, signal transducer and activator of transcription
3 (STAT-3) and suppressor of cytokine signaling 3 (SOCS-3), activated by
interleukin (IL)-6 and IL-10 in tuberculosis (TB) infection, play an important
role in phagocytosis, inflammation, and granulomatous-forming processes
that may lead to TB treatment success or failure. However, there are no data
about the expression of those markers in tuberculous lymphadenitis. The
characterization of those markers is very critical to put a fundamental basis
to understand the homing mechanism of tuberculous lymphadenitis.

Aim of study: The specific objective of this study is to characterize the
expression pattern of CCR-2-CCL-5, IL-6, IL-10, STAT-3, and SOCS-3 in
tuberculous lymphadenitis.

Methods: The study was performed on 27 cases of tuberculous lymphadenitis
node biopsies. The diagnosis of tuberculous lymphadenitis was based on the
clinical criteria and the presence of the histological feature characteristic of TB
granulomas. Afterward, immunohistochemistry was stained with CCR-2, CCL-
5, IL-6, IL-10, STAT-3, and SOCS-3. A semiquantitative analysis of IHC images
was performed to examine protein expression in stained preparations. The
expression was also manually counted.

Results: Compared with the normal area, both lymphocytes and macrophages
expressed strongly CCR-2-, CCL-5, and IL-6, while IL-10, STAT-3-, and SOCS-
3- were expressed lowly. There was a strong positive correlation between
CCR-2 with IL-6 (p = 0,83) and IL-10 (p = 0,83).
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Conclusion: The chronic infection process of tuberculous lymphadenitis was
characterized by the expression of IL-10'°", STAT-3'°%, SOCS-3'°", CCR-2"9",

Clinical Trial Registration: Clinicaltrials.gov, identifier NCT05202548.

C-C chemokine receptor and/p ligands, interleukins, Stat 3, SOCS 3,

such as IL-10 and IL-6, that are related to STAT-3 and SOCS-
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CCL-5"9", and IL-6"™9".
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Background

Tuberculosis (TB) is a chronic infection caused by
Mycobacterium tuberculosis (M.tb). TB remains one of the
“global health emergency” diseases (1). Nowadays, the
evidence of TB new cases is increasing. Previous studies show
that this situation was associated with the rising number of
patients with immunocompromised conditions such as HIV,
diabetes mellitus (DM), cancer, and autoimmune diseases (2, 3).
Most commonly, TB affects the lung. However, TB can also affect
other organs, a form known as extrapulmonary TB (EPTB),
which accounts for approximately 5% of TB incidence. It affects
lymph nodes (LNs), pleura, bone and joints, the gastrointestinal
tract, the urogenital tract, meninges, and other parts of the
human body (4, 5). Tuberculous lymphadenitis is the most
common form of EPTB.

The histopathological features of the LNs with tuberculous
lymphadenitis are composed of caseous necrosis, granulomas,
epithelioid cells, lymphocytes, and histocytes. The characteristic of
those specific histological features is confirmed with the acid-fast
bacilli (AFB) direct smear result. Epithelioid cells may also fuse to
form multinucleated giant cells, and central necrosis is evident in
necrotizing granulomas. Caseous necrosis and granulomatous
formation are two specific pathological features of LN TB (6, 7).

In pulmonary TB, macrophages play important roles in the
recognition of pathogen-associated molecular patterns (PAMPs)
present at the M.tb surface by various pattern recognition
receptors (PRRs) in the surface of macrophages, such as C-
type lectin receptors (CLR/CTL), Fc receptors (FcRs), and Toll-
like receptors (TLRs) (8). This response induces [IFNyand TNFo
to activate macrophages [classified activated macrophage
(CAM)] (9) against M.tb. Macrophages regulate cytokines,

Abbreviations: AFB, acid-fast bacilli; CCR-2, C-C chemokine receptor; CCL-
5, C-C chemokine ligand; IL, interleukin; M.tb, Mycobacterium tuberculosis;
STAT-3, signal transducer and activator of transcription 3; SOCS-3,
suppressor of cytokine signaling 3; TB, tuberculosis; IHC,

immunohistochemistry.
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3 activation and inhibition. Meanwhile, in tuberculous
lymphadenitis, some studies show that it relates to increase
(TNFo and IL-17A) and decrease (IL-1c, IL-1B3, and IL-18) (10,
11). However, the immune response in pulmonary TB and
tuberculous lymphadenitis is different and poorly understood
due to the lymphocyte function that also takes an important role
as macrophages.

The interaction between M.tb and the migrating cells
changes the chemokine receptor expression that guides cells at
the inflammatory foci. This makes granuloma formation or the
travel to the regional LN, where the antigen presentation and
adaptive immune response development occur. This process is
crucial in developing a host response to pathogen infection
(M.tb) (12-15). Regulating M.tb infection depends on the
interaction between T lymphocytes and infected macrophages.
In M.tb infection, T cells are recruited to the infection site
predominantly by the modulation of chemokine receptors (CRs)
such as C-C chemokine receptor-2 (CCR-2) and C-C chemokine
receptor-5 (CCR-5).

In TB infection, CCR-2 plays an essential role in attracting
macrophages to the infected site (16). CCR-2 is a chemokine
receptor, which is normally expressed on monocytes,
macrophages, dendritic cells (DCs), and activated T cells. During
TB infection, the activation of CCR-2 with chemotaxis proteins
such as C-C chemokine ligands CCL-5, CCL-7, and CCL-12 could
induce chemotaxis targeted at M.tb-infected cells such as local
epithelial, mesothelial, and inflammatory cells (14, 17, 18). Low
CCR-2 expression in the lymphocytes of TB patients results in
delayed granuloma formation and incomplete granuloma
formation (16). A meta-analysis found that the CCR-2 gene
improves protection against mycobacterium infection (19). CCR-
2 in alveolar macrophages is important in attracting macrophages
to form granuloma in TB infection. The absence of CCR-2
expression in the alveolar macrophages of CCR2”" mice leads to
failure in granuloma formation and increased necrotizing lesions in
TB infection (20). Low CCL-5 levels in TB infection cause the
dysfunction of various immune cells, which is the primary factor for
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M.tb bacteria resistance (21). CCL-5 is an important chemokine for
Thl migration; however, it does not affect Th2 migration (22).
Aside from CCR-2 and CCL-5, transcription factor STAT-3 (signal
transducer and activator of transcription-3) and its product SOCS-3
(suppressor of cytokine signaling-3) play essential roles in the
pathogenesis of TB infection. In the early stages of TB infection,
STAT-3 is rapidly activated by IL-10. However, STAT-3 could be
activated by other cytokines such as IL-6, IL-21, IL-23, IL-27, and
Granulocyte colony stimulating factor (G-CSF), which modulate
the cellular response of macrophages and DCs in TB infection (23).
STAT-3 has also been found to inhibit the production of
inflammatory cytokines such as IL-6, TNF-o, IFN-y, and nitric
oxide (NO) (24). The action of STAT-3 has a disadvantaged
outcome on M.tb-infection therapy.

During Tb infection, SOCS-3 expression in macrophages is
elevated after the stimulation of TLR-2 with the mycobacterium
cell wall components, such as a-crystallin-related protein 1
(ACR1), phosphatidyl-myo-inositol mannosides (PIM2), and
protein—proline-proline-glutamic acid-18 (PPE-18) (25-27).
SOCS-3 provides T cells a protection effect from M.tb. Mice
with a lack of SOCS-3 on myeloid cells (SOCS-3"" IysM cre) was
more susceptible to M.tb infection. In the absence of SOCS-3, IL-
6 inhibits the production of IL-12 in Antigen Presenting Cells
(APC), decreasing the Thl differentiation and impairing the
elimination of M.tb (28).

Taken together, CCR-2, CCL-5, IL-6, IL-10, STAT-3, and
SOCS-3 are very critical in M.tb immunopathogenesis. However,
it is unknown whether those pathways could be effective against
tuberculous lymphadenitis. Furthermore, there was a lack of
information about the immunology process of extrapulmonary
TB, especially tuberculous lymphadenitis. Since tuberculous
lymphadenitis was difficult to diagnose, treat, and monitor the
therapy result, the specific objective of this study is to explain the
expression pattern of CCR-2-CCL-5, IL-6, IL-10, STAT-3, and
SOCS-3 in tuberculous lymphadenitis patients. The clinical
approach based on immunological parameters could be
explicitly implemented for tuberculous lymphadenitis patients
by expression pattern analysis.

Methods

The study was performed on 27 cases of tuberculous
lymphadenitis biopsies. The diagnosis of tuberculous
lymphadenitis was based on 1) the clinical criteria (7, 29) and
2) the presence of the histological feature characteristic of
tuberculous granulomas. LN intumescence was one of the
clinical criteria in this study. Open biopsy was done to
establish the specific causative of it. A direct smear for AFB
had also been done during the operation to confirm tuberculous
lymphadenitis. Those cases were obtained from the archives of
the Department of Pathology, Vincentius A Paulo Surabaya
Hospital, Indonesia. Ethical clearance was obtained from the
Widya Mandala Surabaya’s Health Research Ethics Committee
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Ref no: 143/WM12/KEPK/DOSEN/T/2021. This study was also
registered in Clinicaltrials.gov with ID no. NCT05202548.

Immunohistochemical assay for
tuberculous lymphadenitis specimen

Each specimen was cut into 5-um-thick parallel sections.
Two sections were stained. The first section was stained with
hematoxylin and eosin. At the same time, the second section
was stained with the Ziehl-Nielsen stain for AFB. After
deparaffinization and rehydration, the sections were briefly
microwaved for antigen retrieval using a citrate buffer, pH
6-0,at 750 W for 10 min, and at 350 W for 15 min. After being
cooled down for 20 min at room temperature, the sections
were incubated with hydrogen peroxide for 10-15 min and
then washed two times with the buffer. Then, the sections
were incubated separately with primary antibodies according
to the manufacturer’s protocol. The antihuman antibodies
(anti-CCL-5 polyclonal antibody Catalog No. E-AB-17864;
anti-CCR-2 polyclonal antibody Catalog No. E-AB-40273;
anti-IL-6 polyclonal antibody Catalog No. E-AB-30095; anti-
IL-10 polyclonal antibody Catalog No. E-AB-40016; anti-
STAT-3 monoclonal antibody Catalog No. E-AB-22119; and
anti-SOCS-3 polyclonal antibody Catalog No. E-AB-65703)
were purchased from Elabscience. Then, it was followed by a
10-min incubation with biotinylated goat antipolyvalent and
10 min with streptavidin peroxide at room temperature. The
last step was to apply a mixture of 40 ul of DAB Plus
Chromogen and 2 ml of a DAB Plus substrate (Elabscience,
Houston, TX, USA) into tissue for 15 min. The cells expressed
CCL-5, CCR-3, IL-6, IL-10, STAT-3, SOCS-3 were manually
counted in 10 fields of view, using x400 magnification by
two pathologists.

Relative expression measurement of
tuberculous lymphadenitis specimen

A semiquantitative analysis of immunohistochemistry
(IHC) images was performed with ImageJ software to examine
protein expression in stained preparations, following the
protocols developed by Crowe and Yue (30). In brief, the
resulting image was saved as a.jpg file. Using Image] software,
each file was analyzed using deconvolution methods. The
threshold value was determined using five graphs to reduce
the background and unspecific signal. According to our data, the
threshold value is 155. After adjusting each data threshold, the
data value was measured by documenting the “mean grey value,”
which represents the quantified specific signal. GraphPad
software was used to present the collected data, including the
mean and standard deviation for each data set. The “non-
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expressed” region of each patient’s preparation was analyzed and
presented as a “negative-control” in the diagram box of each
parameter to validate further the specific expression of
macrophages and lymphocytes in granuloma (30).

Correlation analysis

Statistical analysis was generated with Graphpad Prism and
performed using the non-parametic Kolmogorov-Smirnov test.
To examine the correlation between each variable, SPSS 22
software was used. Data were presented in the mean *
standard deviation. The data were analyzed using Student’s t-
test. Levene’s variance equivalence test was used to assess the
assumption of the homogeneity of variance. The Spearman rank
correlation coefficient was used to analyze the correlation
between CCR2 expression with IL6 or with IL10. Statistical
analysis is two sided, and p-values less than 0.05 are
considered statistically significant.

Results

CCR-2, CCL-5, IL-6, IL-10, STAT-3, and
SOCS-3 are expressed in the granuloma
of a tuberculous lymphadenitis patient

In every biopsy specimen of 35 tuberculous lymphadenitis
patients, CCR-2, CCL-5, IL-6, IL-10, STAT-3, and SOCS-3 were

.,

FIGURE 1
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expressed in the cytoplasmic area. CCR-2 and IL-6 were strongly
expressed in the granuloma, while the other markers, especially
STAT-3 and SOCS-3, were expressed weakly (Figure 1)

To confirm the specificity of the expression pattern, we
further compared the strongly expressed area with the
uninfected area in the same biopsy tissue (Figure 2). The
expression pattern of those markers was significantly higher
(P<0,01) than the negative area.

The same number of lymphocyte and
macrophage populations expressed
CCR-2-, CCL-5, IL-6, and IL-10, while
STAT-3- and SOCS-3-positive
macrophages were slightly lower
than lymphocytes

To compare whether the lymphocyte or macrophage
population expressed the marker proteins (CCR-2-, CCL-5, IL-
6, IL-10, STAT-3- and SOCS-3) predominantly, we manually
counted the lymphocytes and macrophages that have a strong
marker protein expression. The heatmap graphic (Figure 3)
shows the population density of both lymphocytes and
macrophages in each patient. The total cell population
expressing the marker proteins is analyzed in Figure 4.

Meanwhile, many CCR-2-positive lymphocyte and CCL-5-
positive macrophages populations were observed in the caseous
area; both lymphocytes or macrophages predominantly express
IL-6 and IL-10. It is also shown clearly that there are a small

N Bor%y, o, .“ 3 v W \ g t \‘“\ ﬁ
Palgiag B R A N
A% b T A R .E\\‘r{\i}%:

Epression of C-C chemokine receptor-2 (CCR-2), C-C chemokine ligand-5 (CCL-5), interleukin (IL)-6, IL-10, STAT-3, and SOCS-3 in
lymphocytes (red arrow). A representative biopsy specimen of tuberculous lymphadenitis patient: CCR-2, CCL-5, IL-6, IL-10, STAT-3, and
SOCS-3 are expressed in the cytoplasmic areaa. CCR-2 and IL-6 are strongly expressed in the tubercle, while the other markers, especially
STAT-3 and SOCS-3, are expressed weakly. Glant cells (group of mature lymphocytes) could also express STATS-3 and SOCS-3 (black arrow).
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FIGURE 2

Relative expression analysis of CCR-2 (A), CCR-5 (B), IL-6 (C), IL-10 (D), STAT3 (E), and SOCS-3 (F). To confirm the specificity of the expression
pattern, we further compared the strongly expressed area with the uninfected area in the same biopsy tissue (neg). The expression pattern of
those markers was significantly higher than the negative area, which indicates signal specificity (** indicated 0.001 < P < 0.01)

number of SOCS-3- and STAT-3-positive lymphocytes and
macrophages. Overall, both lymphocytes and macrophages
express the same number of markers of protein-positive cells.
Although insignificant, macrophages tend to have a smaller
number of SOCS-3- and STAT-3-positive cell populations
than lymphocytes (Figure 3). Interestingly, further analysis
showed a positive correlation between CCR2-IL-6 and CCR2-
IL-10 (Figure 4), which was never reported before for
tuberculous lymphadenitis patients. However, the correlation
between CCR-2 and CCL-5 was statistically insignificant. CCR-2
had strong statistical correlation to IL-6 (p = 0,73) and IL-10
(p = 0,83), as shown in Figure 4.

Discussion

The expression of CCR-2 is relevant with the recruitment of
immune cells (phagocytic cells) to the M.tb site of invasion. It is
well known that macrophages and lymphocytes are the most
predominant cell population that resides in the lung TB
granulomatosis (29, 31). To understand further the
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pathological mechanism of tuberculous lymphadenitis, the
preliminary assessment of macrophages and lymphocytes is
very critical. Interestingly, our results observed the
accumulation of those cells in the tuberculous lymphadenitis
biopsies, which is theoretically similar with the classical lung
TB mechanism.

In this study, CCR-2 and CCL-5 were highly expressed in
tuberculous lymphadenitis samples. However, the correlation
between CCR-2 and CCL-5 was statistically insignificant. This
reflects the relatively long infection process of M.tb in the host and
the ability of macrophages in isolating TB infection only in the LN
area (Figures 1A-D). IL-6 was also highly expressed, and the high
expression of IL-6 was related to CCL5. Interestingly, we observed
that IL-10, STAT-3, and SOCS-3 were expressed weakly in the
samples. Although there was no statistically significant association
between CCR-2 and CCL-5 on STAT-3 and SOCS-3 activation,
IL-6 had the highest correlation to STAT-3. The low expression of
SOCS-3 was not correlated with the low expression of STAT-3 nor
the high expression of chemokine receptor-ligand and IL-6. The
low expression in IL-10, STAT-3, and SOCS-3 expression may
lead to tuberculous lymphadenitis (Figures 2, 3). In pulmonary
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FIGURE 3

Expression pattern analysis. The same number of populations of lymphocytes and macrophages expressed CCR-2-, CCL-5, IL-6, and IL-10,
while STAT-3- and SOCS-3-positive macrophages were slightly lower than lymphocytes.

TB, the high concentrations of IL-6/IL-10 and STAT-3 led to the
impaired function of T cells. Meanwhile, the chronic

inflammatory process was found in the LN tissue, causing a

very high expression of chemokine receptors and ligands, IL-6

FIGURE 4

# 90
~§ 80 - *
'_E 70
[ *
'E>'. % 50 bt il
s 40 bl I * 3
3 So0s o ¢ e
§ 30 $ $ %0
2 2
é 10
Q 0 T \
o
40 50 60 70 80 90
IL 6 in Tuberculous Lymphadenitis patient
Spearman r 0.070
95% Confidence Interval -0.3190 to 0.4380
P Value (two-tailed) 0.7304

CCR2 in Tuberculous Lymphadenitis

expression. However, the expression of IL-10, STAT-3, and
SOCS-3 was low, and those phenomena were interesting and
assumed due to continuous TH17 impairment since the TB

infection process occurred.
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P Value (two-tailed)

0.8291

Correlation analysis validates the association between the expression of CCR2 and IL-6 or IL-10 in tuberculous lymphadenitis patients. A positive
correlation between CCR2-IL-6 and CCR2-IL-10, which was never reported before for tuberculous lymphadenitis patients, has been
demonstrated. However, the correlation of CCR-2 and CCL-5 was statistically insignificant. CCR-2 has strong statistical correlation to IL-6 (p =
0,73) and IL-10 (p = 0,83).
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The high expression of CCR-2 and CCL-5 related to the
complex interaction in response to M.tb infection was followed
by the immunological process, such as macrophage activation,
which led to a phagolysosome process. This process secretes
cytokines like the tumor necrosis factor (TNF), interferon alpha
(IFN-o), IFN-B, IL-6, IL-12, IL-1f, and the production of
antimicrobial reactive nitrogen intermediates (ROIs), which
aim to eliminate the M.tb bacteria. STAT-3 phosphorylation
was then activated by IL-6. CCR-2 and CCR3 are expressed on
macrophages or monocytes, DCs, and T lymphocytes, and they
induce their migration and localize the site of inflammation. The
migration of macrophages to the site of infection is important
for the initial immune response against M.tb infection.
Macrophages phagocytize the bacteria and provide important
cellular information and a source of antigenic stimulation.
Afterward, macrophages enhance the production of
inflammatory chemokines that recruit more cells to make
granuloma and modulate the migration and localization of
cells within peripheral LNs (32).

The low SOCS-3 expression observed in this manuscript is a
phenotypical manifestation of the IL-6/STAT-3-activation
dysregulation, which leads to tuberculous lymphadenitis. This
situation might be triggered by the M.tb chronic infection
process since SOCS-3 expression is essential for resistance
against tuberculous infection (28). In the previous study,
STAT-3 expression was high (33). Meanwhile, the expression
was low in this study. IL-6 is one of the important activation
factors of Ty;17 cells that contribute to the inflammatory process.
IL-10 expression plays a key role in downregulating immune

M.tb early infection in lymph nodes

10.3389/fimmu.2022.983269

responses against M.tb bacteria. In the early stages of infection,
an increase in IL-6/IL-10 can also increase STAT-3 and SOCS-3,
its regulator. This activation of STAT-3/SOCS-3 is related to an
immunological response to TB infection. Chronic inflammation
after TB infection reduces the function of T cells, especially Ty17
cells, which explains the low STAT-3/SOCS-3 expression in this
study. The other theory that may also explain that low STAT-3/
SOCS-3 expression is due to high and sustained type I interferon
(IFN) production in the late phase of TB infection (34). High
IFN inhibits activation STAT-3 by IL-6 (Figure 5). The function
of T cells in this study was limited in literature study. However,
the study of Kathamuthu in 2022 demonstrated the dominant
expansion of CD4, CD8 T, and NK cells expressing
Th1/Tcl/Type 1 cytokines in culture-positive LN TB (11) and
this may support our hypothetical pathophysiology of
tuberculous lymphadenitis.

Until now, there is no observation regarding the CCR-2,
CCL-5, IL-6, IL-10, STAT-3, and SOCS-3 in the circulating level
(serum or plasma), particularly in tuberculous lymphadenitis.
However, tissue-specific macrophages primed with M.tb that
shows an elevating level of chemokines CCR-2 and their
receptors such as CCL-5 could regulate the movement and
interaction of antigen-presenting cells such as DCs and T cells
(35) and could further intermediate the recruitment of
macrophages and lymphocytes to the infected site (36).
Cenicriviroc, an antagonist of CCR-2/CCR-5 (37), might be
considered as host-directed therapy for tuberculous
lymphadenitis patients along with isoniazid as
chemoprophylaxis. However, this needs further study. In
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FIGURE 5

Relationship between the chemokine-ligand receptors IL-6 and IL-10 with STAT3 and SOCS3 in tuberculous lymphadenitis. In the early stages
of infection, an increase in IL-6/IL-10 can also increase STAT-3 and SOCS-3, its regulator. This activation of STAT-3/SOCS-3 is related to an
immunological response to TB infection. Chronic inflammation after TB infection reduces the function of T cells, especially Ty17 cells, and this
explains the low STAT-3/SOCS-3 expression in this study. Another theory that may also explain that low STAT-3/SOCS-3 expression is due to
high and sustained type | interferon (IFN) production in the late phase of TB infection. High IFN inhibits the activation of STAT-3 by IL-6
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addition, Mtb infection induced IL-6 production by
macrophages through the activation of STAT3 in lung tubercle
tissue as well as the culture supernatant (38). Therefore, the
measurement of the circulating level of those cytokines could be
another insight in further strengthening the diagnosis and
therapy effectivity of TB, particularly in tuberculous
lymphadenitis. Furthermore, the expression of the TNF, IFN-
o, IEN-B, IL-6, IL-12, and IL-1f should be further investigated
to elucidate the detailed immunological mechanism of
tuberculous lymphadenitis.

In regard to the current Coronavirus diseases-19 (COVID-
19) situation, TB patients might be basically susceptible to
COVID-19 infection. T-lymphocyte and macrophage depletion
in TB patients play an important role in the severe presentation
of COVID-19 (39). The crosslink of inflammatory markers such
as IL-6 and IL-10 might contribute to the susceptibility of TB
COVID-19 coinfection. Targeting IL-6 and IL-10 might be
beneficial to improve the patient’s condition.

Conclusions

This study shows a preliminary observation of the homing
mechanism in tuberculous lymphadenitis mediated by
macrophages and lymphocytes. The chronic infection process
of tuberculous lymphadenitis was characterized by the
expression of IL-10"", STAT-3"°Y, SOCS-3"°%, CCR-2"¢",
CCL-5"¢", and IL-6"#".

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 Widya Mandala Surabaya’s Health Research Ethics
Committee Ref no: 143/WM12/KEPK/DOSEN/T/2021. The

References

1. Almeida Da Silva PEA, Palomino JC. Molecular basis and mechanisms of
drug resistance in mycobacterium tuberculosis: classical and new drugs. J
Antimicrob Chemother (2011) 66:1417-30. doi: 10.1093/jac/dkr173

2. Girardi E, Safie M, Goletti D, Bates M, Mwaba P, Yeboah-manu D, et al.
The global dynamics of diabetes and tuberculosis : the impact of migration and

Frontiers in Immunology

08

10.3389/fimmu.2022.983269

patients/participants provided their written informed consent
to participate in this study.

Author contributions

Conceptualization: BN and IT; Methodology: BN, YT, and
SW; Formal analysis and investigation: FE, SH, BH, and DJ;
Writing—original draft preparation: BN; Writing—review and
editing: BN, IT, YT, and SW; Funding acquisition: BN and PT;
Resources: IT; Supervision: PT. All authors contributed to the
article and approved the submitted version.

Funding

This study was funded by the Ministry of Research and
Technology of the Republic of Indonesia (Ristekdikti/BRIN) ID
no. 002/AMD-SP2H/LT-MULTIPDPK/LL7/2021.

Acknowledgments

We would like to thank St. Vincentius A Paulo Surabaya
Hospital for supporting this study and Research Institute Widya
Mandala Surabaya Catholic University for the funding assisted.

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 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.

policy implications. Int ] Infect Dis (2017) 56:45-53. doi: 10.1016/
j.ijid.2017.01.018

3. Kumar Nathella P, Babu S. Influence of diabetes mellitus on immunity
to human tuberculosis. Immunology (2017) 152:13-24. doi: 10.1111/imm.
12762

frontiersin.org


https://doi.org/10.1093/jac/dkr173
https://doi.org/10.1016/j.ijid.2017.01.018
https://doi.org/10.1016/j.ijid.2017.01.018
https://doi.org/10.1111/imm.12762
https://doi.org/10.1111/imm.12762
https://doi.org/10.3389/fimmu.2022.983269
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Novita et al.

4. Pang Y, An J, Shu W, Huo F, Chu N, Gao M, et al. Epidemiology of
extrapulmonary tuberculosis among inpatients, china 2008-2017. Emerg Infect Dis
(2019) 25:457-64. doi: 10.3201/eid2503.180572

5. Pollett S, Banner P, O’Sullivan MVN, Ralph AP. Epidemiology, diagnosis and
management of extra-pulmonary tuberculosis in a low-prevalence country: A four
year retrospective study in an Australian tertiary infectious diseases unit. PloS One
(2016) 11:1-15. doi: 10.1371/journal.pone.0149372

6. Ahmed HGE, Nassar AS, Ginawi I. Screening for tuberculosis and its
histological pattern in patients with enlarged lymph node. Patholog. Res Int
(2011) 2011:1-4. doi: 10.4061/2011/417635

7. Tahseen S, Ambreen A, Ishtiaq S, Khanzada FM, Safdar N, Sviland L, et al.
The value of histological examination in the diagnosis of tuberculous
lymphadenitis in the era of rapid molecular diagnosis. Sci Rep (2022) 12:8949.
doi: 10.1038/s41598-022-12660-0

8. Maphasa RE, Meyer M, Dube A. The macrophage response to
mycobacterium tuberculosis and opportunities for autophagy inducing
nanomedicines for tuberculosis therapy. Front Cell Infect Microbiol (2020)
10:618414. doi: 10.3389/fcimb.2020.618414

9. Rajaram MVS, Ni B, Dodd CE, Schlesinger LS. Macrophage
immunoregulatory pathways in tuberculosis. Semin Immunol (2014) 26:471-85.
doi: 10.1016/j.smim.2014.09.010

10. Alfaridzi M, Lestarini IA, Djannah F. Hubungan jumlah leukosit pada
penderita limfadenitis tuberkulosis di nusa tenggara barat tahun 2019. J Kedokt.
(2021) 10:405-12. doi: 10.1371/journal.pone.0269109

11. Kathamuthu GR, Sridhar R, Baskaran D, Babu S. Dominant expansion of
CD4+, CD8+ T and NK cells expressing Th1/Tcl/Type 1 cytokines in culture-
positive lymph node tuberculosis. PloS One (2022) 17:¢0269109. doi: 10.1371/
journal.pone.0269109

12. Bhatt K, Hickman SP, Salgame P. Cutting edge: a new approach to modeling
early lung immunity in murine tuberculosis. J Immunol (2004) 172:2748-51.
doi: 10.4049/jimmunol.172.5.2748

13. Hickman SP, Chan ], Salgame P. Mycobacterium tuberculosis induces
differential cytokine production from dendritic cells and macrophages with
divergent effects on naive T cell polarization. J Immunol (2002) 168:4636-42.
doi: 10.4049/jimmunol.168.9.4636

14. Peters W, Scott HM, Chambers HF, Flynn JL, Charo IF, Ernst JD. Chemokine
receptor 2 serves an early and essential role in resistance to mycobacterium tuberculosis.
Proc Natl Acad Sci U. S. A. (2001) 98:7958-63. doi: 10.1073/pnas.131207398

15. Sallusto F, Schaerli P, Loetscher P, Schaniel C, Lenig D, Mackay CR, et al.
Rapid and coordinated switch in chemokine receptor expression during dendritic
cell maturation. Eur | Immunol (1998) 28:2760-9. doi: 10.1002/(SICI)1521-4141
(199809)28:09<2760:AID-IMMU2760>3.0.CO;2-N

16. Scott HM, Flynn JAL. Mycobacterium tuberculosis in chemokine receptor
2-deficient mice: Influence of dose on disease progression. Infect Immun (2002)
70:5946-54. doi: 10.1128/1A1.70.11.5946-5954.2002

17. Moser B, Loetscher P. Lymphocyte traffic control by chemokines. Nat
Immunol (2001) 2:123-8. doi: 10.1038/84219

18. van Crevel R, Ottenhoff THM, van der Meer JWM. Innate immunity to
mycobacterium tuberculosis. Clin Microbiol Rev (2002) 15:294-309. doi: 10.1128/
CMR.15.2.294-309.2002

19. Mishra G, Poojary SS, Raj P, Tiwari PK. Genetic polymorphisms of CCL2,
CCL5, CCR2 and CCR5 genes in sahariya tribe of north central India: An
association study with pulmonary tuberculosis. Infect Genet Evol (2012)
12:1120-7. doi: 10.1016/j.meegid.2012.03.018

20. Dunlap MD, Howard N, Das S, Scott N, Ahmed M, Prince O, et al. A novel
role for c-c motif chemokine receptor 2 during infection with hypervirulent
mycobacterium tuberculosis. Mucosal Immunol (2018) 11:1727-42. doi: 10.1038/
541385-018-0071-y

21. Pydi SS, Ghousunnissa S, Devalraju KP, Ramaseri SS, Gaddam R,
Auzumeedi SK, et al. Down regulation of RANTES in pleural site is associated
with inhibition of antigen specific response in tuberculosis. Tuberculosis (2019)
116:5123-30. doi: 10.1016/j.tube.2019.04.020

22. Siveke JT, Hamann A. Cutting edge: T helper 1 and T helper 2 cells respond
differentially to chemokines. J Immunol (1998) 160:550-4.

Frontiers in Immunology

09

10.3389/fimmu.2022.983269

23. Rottenberg ME, Carow B. SOCS3 and STAT3, major controllers of the
outcome of infection with mycobacterium tuberculosis. Semin Immunol (2014)
26:518-32. doi: 10.1016/j.smim.2014.10.004

24. Queval CJ, Song OR, Deboosere N, Delorme V, Debrie AS, ITantomasi R,
et al. STAT3 represses nitric oxide synthesis in human macrophages upon
mycobacterium tuberculosis infection. Sci Rep (2016) 6:1-14. doi: 10.1038/
srep29297

25. Nair S, Pandey AD, Mukhopadhyay S. The PPE18 protein of
mycobacterium tuberculosis inhibits NF-xB/rel-mediated proinflammatory
cytokine production by upregulating and phosphorylating suppressor of cytokine
signaling 3 protein. J Immunol (2011) 186:5413-24. doi: 10.4049/
jimmunol.1000773

26. Narayana Y, Bansal K, Sinha AY, Kapoor N, Puzo G, Gilleron M, et al.
SOCS3 expression induced by PIM2 requires PKC and PI3K signaling. Mol
Immunol (2009) 46:2947-54. doi: 10.1016/j.molimm.2009.06.019

27. Siddiqui KF, Amir M, Gurram RK, Khan N, Arora A, Rajagopal K, et al.
Latency-associated protein Acrl impairs dendritic cell maturation and
functionality: A possible mechanism of immune evasion by mycobacterium
tuberculosis. ] Infect Dis (2014) 209:1436-45. doi: 10.1093/infdis/jit595

28. Carow B, Reuschl AK, Gavier-Wideén D, Jenkins BJ, Ernst M, Yoshimura A,
et al. Critical and independent role for SOCS3 in either myeloid or T cells in
resistance to mycobacterium tuberculosis. PloS Pathog (2013) 9. doi: 10.1371/
journal.ppat.1003442

29. Kim S-H. Diagnosis and treatment of extrapulmonary tuberculosis. ] Korean
Med Assoc (2014) 57:34-40. doi: 10.5124/jkma.2014.57.1.34

30. Crowe A, Yue W. Semi-quantitative determination of protein expression
using immunohistochemistry staining and analysis: An integrated protocol. Bio-
Protocol (2019) 9:1-11. doi: 10.21769/bioprotoc.3465

31. Ottenhoff THM, Ellner JJ, Kaufmann SHE. Ten challenges for TB
biomarkers. Tuberculosis (Edinb). (2012) 92 Suppl 1:517-20. doi: 10.1016/S1472-
9792(12)70007-0

32. Arias MA, Jaramillo G, Lopez YP, Mejia N, Mejia C, Pantoja AE, et al.
Mycobacterium tuberculosis antigens specifically modulate CCR2 and MCP-1/
CCL2 on lymphoid cells from human pulmonary hilar lymph nodes. J Immunol
(2007) 179:8381-91. doi: 10.4049/jimmunol.179.12.8381

33. Nicol AF, Nuovo GJ, Coelho JMC, Rolla VC, Horn C. SOCS in situ
expression in tuberculous lymphadenitis in an endemic area. Exp Mol Pathol
(2008) 84:240-4. doi: 10.1016/j.yexmp.2008.04.001

34. Sia JK, Georgieva M, Rengarajan J. Innate immune defenses in human
tuberculosis: An overview of the interactions between mycobacterium
tuberculosis and innate immune cells. ] Immunol Res (2015) 2015.
doi: 10.1155/2015/747543

35. Sato N, Ahuja SK, Quinones M, Kostecki V, Reddick RL, Melby PC, et al.
CC chemokine receptor (CCR)2 is required for langerhans cell migration and
localization of T helper cell type 1 (Thl)-inducing dendritic cells: Absence of
CCR2 shifts the Leishmania major - Resistant phenotype to a susceptible state
dominated by Th2 cytok. J Exp Med (2000) 192:205-18. doi: 10.1084/
jem.192.2.205

36. Peters W, Cyster JG, Mack M, Schléndorff D, Wolf AJ, Ernst JD, et al.
CCR2-Dependent Trafficking of F4/80 dim Macrophages and CDllc dim/
intermediate Dendritic Cells Is Crucial for T Cell Recruitment to Lungs Infected
with Mycobacterium tuberculosis. J Immunol (2004) 172:7647-53. doi: 10.4049/
jimmunol.172.12.7647

37. Kwiatkowski K, Pawlik K, Ciapata K, Piotrowska A, Makuch W, Mika J.
Bidirectional action of cenicriviroc, a CCR2/CCR5 antagonist, results in alleviation
of pain-related behaviors and potentiation of opioid analgesia in rats with
peripheral neuropathy. Front Immunol (2020) 11:615327. doi: 10.3389/
fimmu.2020.615327

38. Jung BG, Wang X, Yi N, Ma J, Turner J, Samten B. Early Secreted Antigenic
Target of 6-kDa of Mycobacterium tuberculosis Stimulates IL-6 Production by
Macrophages through Activation of STAT3. Sci Rep (2017) 7:1-14. doi: 10.1038/
srep40984

39. ZainiJ, Fadhillah MR, Reisa T, Isbaniyah F, Handayani RRD, Isbaniah F, et al.
The tuberculosis and COVID-19 coinfection: A report of two cases at a tertiary
referral in Indonesia. J Infect Dev Ctries. (2022) 16:478-83. doi: 10.3855/jidc.15481

frontiersin.org


https://doi.org/10.3201/eid2503.180572
https://doi.org/10.1371/journal.pone.0149372
https://doi.org/10.4061/2011/417635
https://doi.org/10.1038/s41598-022-12660-0
https://doi.org/10.3389/fcimb.2020.618414
https://doi.org/10.1016/j.smim.2014.09.010
https://doi.org/10.1371/journal.pone.0269109
https://doi.org/10.1371/journal.pone.0269109
https://doi.org/10.1371/journal.pone.0269109
https://doi.org/10.4049/jimmunol.172.5.2748
https://doi.org/10.4049/jimmunol.168.9.4636
https://doi.org/10.1073/pnas.131207398
https://doi.org/10.1002/(SICI)1521-4141(199809)28:09%3C2760::AID-IMMU2760%3E3.0.CO;2-N
https://doi.org/10.1002/(SICI)1521-4141(199809)28:09%3C2760::AID-IMMU2760%3E3.0.CO;2-N
https://doi.org/10.1128/IAI.70.11.5946-5954.2002
https://doi.org/10.1038/84219
https://doi.org/10.1128/CMR.15.2.294-309.2002
https://doi.org/10.1128/CMR.15.2.294-309.2002
https://doi.org/10.1016/j.meegid.2012.03.018
https://doi.org/10.1038/s41385-018-0071-y
https://doi.org/10.1038/s41385-018-0071-y
https://doi.org/10.1016/j.tube.2019.04.020
https://doi.org/10.1016/j.smim.2014.10.004
https://doi.org/10.1038/srep29297
https://doi.org/10.1038/srep29297
https://doi.org/10.4049/jimmunol.1000773
https://doi.org/10.4049/jimmunol.1000773
https://doi.org/10.1016/j.molimm.2009.06.019
https://doi.org/10.1093/infdis/jit595
https://doi.org/10.1371/journal.ppat.1003442
https://doi.org/10.1371/journal.ppat.1003442
https://doi.org/10.5124/jkma.2014.57.1.34
https://doi.org/10.21769/bioprotoc.3465
https://doi.org/10.1016/S1472-9792(12)70007-0
https://doi.org/10.1016/S1472-9792(12)70007-0
https://doi.org/10.4049/jimmunol.179.12.8381
https://doi.org/10.1016/j.yexmp.2008.04.001
https://doi.org/10.1155/2015/747543
https://doi.org/10.1084/jem.192.2.205
https://doi.org/10.1084/jem.192.2.205
https://doi.org/10.4049/jimmunol.172.12.7647
https://doi.org/10.4049/jimmunol.172.12.7647
https://doi.org/10.3389/fimmu.2020.615327
https://doi.org/10.3389/fimmu.2020.615327
https://doi.org/10.1038/srep40984
https://doi.org/10.1038/srep40984
https://doi.org/10.3855/jidc.15481
https://doi.org/10.3389/fimmu.2022.983269
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Characterization of chemokine and cytokine expression pattern in tuberculous lymphadenitis patient
	Background
	Methods
	Immunohistochemical assay for tuberculous lymphadenitis specimen
	Relative expression measurement of tuberculous lymphadenitis specimen
	Correlation analysis

	Results
	CCR-2, CCL-5, IL-6, IL-10, STAT-3, and SOCS-3 are expressed in the granuloma of a tuberculous lymphadenitis patient
	The same number of lymphocyte and macrophage populations expressed CCR-2-, CCL-5, IL-6, and IL-10, while STAT-3- and SOCS-3-positive macrophages were slightly lower than&#146;lymphocytes

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	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


