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The role of RhoG in T cell development is redundant with other Racs subfamily members,
and this redundancy may be attributed to redundant signal transduction pathways.
However, the absence of RhoG increases TCR signalling and proliferation, implying that
RhoG activity is critical during late T cell activation following antigen—receptor interaction.
Moreover, RhoG is required to halt signal transduction and prevent hyper-activated T
cells. Despite increase in TCR signalling, cell proliferation is inhibited, implying that RhoG
induces T cell anergy by promoting the activities of transcription factors, including nuclear
factor of activated T cell (NFAT)/AP-1. The role of NFAT plays in T cell anergy is inducing
the transcription of anergy-associated genes, such as IL-2, IL-5, and IFN-y. Although
information about RhoG in T cell-related diseases is limited, mutant forms of RhoG,
Ala151Ser and Glu171Lys have been observed in thymoma and hemophagocytic
lymphohistiocytosis (HLH), respectively. Current information only focuses on these two
diseases, and thus the role of RhoG in normal and pathological circumstances should be
further investigated. This approach is necessary because RhoG and its associated
proteins represent prospective targets for attack particularly in the therapy of cancer
and immune-mediated illnesses.

Keywords: Small Rho GTPase, RhoG, T cell, cancer, hemophagocytic lymphohistiocytosis

1 INTRODUCTION

RhoG belongs to the Rho family of small GTPases, specifically the Rac subfamily. The Rho family is
involved in actin-cytoskeletal rearrangements, intracellular membrane trafficking, cell cycle
progression, and transcriptional activation (1, 2). According to their sequence similarity and
biological roles, the Rho family can be divided into the Rho-, Rac-, Cdc42-, RhoU/RhoV-, Rnd-,
RhoD/RhoF-, RhoBTB-, and RhoH subfamilies (3). Classical or typical small Rho GTPases are from
the Rho-, Rac-, and Cdc42 subfamilies. The other small Rho GTPases are called non-classical or
atypical small Rho GTPases because they cannot hydrolyze GTP in contrast to typical small Rho
GTPases (4, 5).
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Three Racl, Rac2, Rac3 share 89% sequence similarity, except
the C-terminal region (3, 6), whereas RhoG shares only 70%-
72% sequence similarity with the other three Racs and may thus
act differently within the subfamily. Typically, Rac-subfamily
proteins stimulate the formation of membrane ruffles and
lamellipodia by interacting with a panel of effector proteins,
such as Wiskott-Aldrich syndrome protein (WASP) and p21-
activated kinases (PAK) (7, 8). These interactions activate the
Arp2/3 complex and subsequently induce actin polymerization
(9-12).

The “on” and “off” states of RhoG are constrained to two
flexible loop regions: switch 1 and switch 2, which acquire
conformations in the GTP-bound state that enable
downstream effector proteins to recognize and interact with
small Rho GTPases (13). Additionally, the intrinsic GDP/GTP
switching of RhoG is slow and requires three distinct types of
regulatory proteins to function, namely, guanine nucleotide
exchange factors (GEFs), GTPase-activating proteins (GAPs),
and guanine nucleotide dissociation inhibitors (GDIs). GEFs
enhance GDP dissociation and the binding of the more
abundant GTP in the cytoplasm, allowing RhoG to become
active and bind to its specific effectors and hence activating
signalling pathways (14). By contrast, GAPs are responsible for
terminating RhoG signalling by increasing the intrinsic GTPase
activity of RhoG, thereby inducing GTP to GDP hydrolysis (15).
Finally, GDIs are bifunctional negative regulators required to
keep RhoG GDP-bound and physically sequester it from
membranes by interacting with its geranyl-geranyl group (16).

2 FUNCTIONS OF RHOG IN T CELL
HOMEOSTASIS

2.1 Role of RhoG in the Growth and
Maturation of Thymocytes
The thymus is the site of T cell growth and maturation, which is
critical to the sustenance of the peripheral immune system. The
abnormal activities of small Rho GTPases, including RhoA (17),
Racl, Rac2 (18, 19), Cdc42 (20), and RhoH (3) are linked to
thymocyte defects in vitro and in vivo. These deficiencies can be
caused by defective RhoGEFs, such as Vavl, or missense
mutations occurring within small Rho GTPases. For instance,
loss of Vavl in mice inhibits T cell positive and negative
selection, and this process is affected by the activation status of
its interacting proteins (21). Additionally, point mutations
within the GEF interaction region of Rac2, such as Asp57Asn
and Pro24His mutations, impair T cell development (22, 23).
This finding supports the notion that proper small Rho GTPase
activation is required for T cell development and maturation.
Either Racl or Rac2 deletion has no effect on thymocyte
development, but simultaneous Racl and Rac2 deletions have a
significant impact (18). Meanwhile, lack of RhoG has no effect on
T cell formation, but it marginally increases T cell proliferation
during antigen-receptor cross-linking. This finding suggests that
the involvement of RhoG in T cell development is redundant

compared with that of other Rac subfamily members (18), and
this redundancy may be attributed to redundant signal
transduction pathways (24). Both Racs and RhoG induce
membrane ruffling despite their different subcellular
localizations, indicating that they regulate similar signalling
cascades. Nonetheless, enhanced T cell proliferation implies
that RhoG has a negative impact on immune responses and its
activity is crucial to the later phases of T cell activation upon
antigen—receptor contact (25).

2.2 RhoG in Peripheral T Cell Activation
2.2.1 RhoG’s Function in Proximal TCR Signalling
RhoG is involved in TCR internalization from the
immunological synapse (IS) and is necessary to major
histocompatibility complex (MHC) uptake in antigen-
presenting cells (APCs). IS is a structured interface between a
T cell and an APC, and TCR internalization at IS is required for
successful T cell activation and long-term TCR engagement and
signalling. However, the significance of IS in TCR activation
regulation is controversial because TCR can be triggered prior to
or in the absence of IS formation (26). Martinez-Martin et al.
(2011) discovered that TCR endocytosis and signal extinction
can occur at IS, indicating that not only IS is required to enhance
TCR signalling in response to a small amount of peptide antigen-
major histocompatibility complex (pMHC) ligand but also
suppresses signalling by downregulating TCR in response to a
high concentration of pMHC (27). The reason is that non-
engaged TCRs continue to be internalized and recycled to the
membrane through dynamin-dependent clathrin-mediated
endocytosis (CME) in the absence of pMHC or stimulation.
However, when TCRs are coupled with pMHC, their membrane
expression is reduced because of enhanced TCR endocytosis,
which can be regulated by CME and clathrin-independent
endocytosis (28).

Martinez-Martin et al. found that RhoG enables TC21
(Rras2), a small GTPase-related to the R-RAS subfamily, to
regulate TCR internalization through clathrin-independent
endocytosis (26). This process may require both small G
proteins to cycle between an active GTP-bound state and an
inactive GDP-bound state because dominant inactive
(Thr17Asn) and constitutively active (Gln61Leu) mutants
cannot block TCR endocytosis. RhoG involvement in
endocytosis is observed not only in T cells but also in
macrophage (29) and caveolar endocytosis (30). Notably,
RhoG and TC21 are associated with TCR-mediated peptide:
MHC trogocytic absorption, which is needed for intercellular
communication and immunological control (28). Trogocytosis is
the exchange of intact membrane fragments across cells and is
critical to T cell and APC activation modulation (31).
Interestingly, Boccasavia et al. reported that when an antigen is
introduced to naive CD4+ T cells by pMHC-II-dressed CD4+ T
cells, the naive CD4+ T cells transform into pathogenic Th17
cells, and the process can be mediated by RhoG trogocytosis (32).
This is because the loss of RhoG limits Th17 proinflammatory
cell differentiation and promotes resistance to experimental
autoimmune encephalitis development (32).
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2.2.2 RhoG’s Function in Distal TCR Signalling
Interestingly, immunoglobulin (Ig)G1 and IgG2b levels increase
in RhoG deficient mice, indicating an increase in humoral
immune response to antigens (24). This finding suggests that
RhoG is required for signal transduction to terminate and for the
prevention of T- or B cell hyperactivation and control of
autoimmunity. However, given that its subfamily member
Rac2 regulates Ca** influx in response to antigen stimulation
(33), RhoG may regulate Ca®" influx as well, which is required
for T cell-dependent immune responses and rapid cytoskeleton
remodelling (34). Nonetheless, only a slight drop in Ca®" influx
was observed in RhoG-deficient mice upon TCR stimulation,
hinting that RhoG plays a role in Ca®* influx regulation (24).
Notably, nuclear factor of activated T cell (NFAT) activation is
dependent on Ca** mobilization, specifically through calcium-
calcineurin signalling. In this signalling pathway, Ca®" influx via
Ca®" release-activated Ca** (CRAC) channels is required to
activate calmodulin (CaM) and the serine/threonine
phosphatase calcineurin. Calcineurin then dephosphorylates
serine/threonine residues in the regulatory domain of NFAT,
exposing nuclear localization signals and thus promoting NFAT
nuclear localization. Surprisingly, the elevation of intracellular
Ca”" promotes T cell anergy, a state in which a TCR becomes
uncoupled from its downstream signalling pathways. This result
suggests that RhoG and NFAT play critical roles in T cell
tolerance induction (27).

Vigorito et al. discovered that RhoG can enhance NFAT/AP-
1-induced interleukin (IL)-2 or interferon-gamma (IFN-y)
transcription (35), and both cytokines are related to T cell
anergy (36). Numerous studies have established a link between
NFAT signalling and T cell unresponsiveness or reduced
responsiveness to subsequent physiological outputs, such as T
cell proliferation or differentiation. This T cell unresponsiveness
can be induced by inducing the transcription of anergy-
associated genes, such as IL-2, IL-5, and IFN-y or disrupting
the interaction between NFAT and AP-1 (36, 37) (Figure 1). The
latter part is predicted because RhoG contains an NLS motif at
Pro179 and Ile182 residues, implying that it might regulates the
activities or interactions of transcription factors (35, 38). Apart
from regulating NFAT activity, RhoG may also promote T cells
in a quiescent state by regulating the activities of other
transcription factors, including Stat3, as RhoG promotes the
transcriptional activation of Stat3 in murine fibroblasts (38).
Increased Stat3 activity limits T cell proliferation by up-
regulating Class-O Forkhead transcription factors (FOXO)
(39). The role of RhoG in T cell anergy is supported by
Martinez-Martin et al., who discovered that T cell proliferation
decreases as TCR proximal signalling increases in RhoG-
deficient mice (26). However, Vigorito et al. demonstrated that
RhoG deficiency enhances T cell proliferation (24). Difference in
T cell proliferation rate is unexpected given that TCR signalling
increases. Nevertheless, these data show that RhoG is required
for successful TCR signalling activation. The contradictory
results observed in both studies can be explained by the fact
that the doses or affinity of peptide antigens used in each research
varies (40).

Additionally, RhoG may impact TCR signalling and the
NFAT nuclear translocation in a calcium-calcineurin-
independent manner. This process can be induced by Jak3
kinase as NFAT2 nuclear translocation is dependent on Jak3
phosphorylation upon IL-7 activation. The process then leads to
the nuclear translocation and activation of NFAT2 (27).
Incidentally, JAK3 is necessary for optimal Racl activation
(41), and given that RhoG and Racl are 70% identical (3), Jak3
may influence RhoG activation through Vavl (42) and affect
NFAT nuclear translocation (Figure 1). This finding is
supported by Martinez-Martin et al, who found that RhoG
must be capable of cycling between active and inactive states to
regulate TCR internalization and activation (26). However, Puga
et al. discovered that caspase 3 cleavage inactivates Vavl in
anergic T cells (43), indicating that the RhoG activation cycle is
disrupted and it may exist primarily in an inactive GDP-
bound state.

2.3 RhoG’s Role in Controlling the Actin-
Cytoskeleton and Migration of T Cells
Similar to other small Rho GTPases that are strongly associated
with leukocyte transendothelial migration, RhoG is involved in
the regulation of T cell migration, which requires a series of
coordinated stages, complex modulation of integrin activation by
chemokines, and cooperative action of adhesion molecules on
endothelial cells and leukocytes (44). However, the involvement
of RhoG in the control of actin-cytoskeleton complex is
redundant. Nevertheless, it enhances NFAT-induced
production of IFN-y and promotes T cell recruitment to
inflammatory sites (35). Additionally, the T cell production of
IFN-y is necessary for neutrophil chemotaxis to damage sites
(45). Interestingly, the role of IFN-y in the control of T cell or
lymphocyte migration necessitates the modification of the
expression of numerous integrins, including o4 (ITGA4), B7
(ITGB7), and avB3 (35, 46, 47). For instance, upon IFN-y
stimulation, o4 and 7 expression increase, whereas owvp3
expression decreases, and thus lymphocyte migration is
promoted. These results show that RhoG has an indirect role
in the control of integrin expression, as evidenced by its capacity
to stimulate NFAT.

Upstream involvement of RhoG is necessary to the regulation
of the activities of Cdc42 and Racl, which are required for the
production of membrane ruffles and filopodia (48). These
characteristics are critical during cell migration and necessitate
the participation of filamentous actin (F-actin). Reduced F-actin
levels then influence the shapes of cells and the creation of force
during cell migration and division. Interestingly, GTP-bound
Racl regulates F-actin polymerization in lamellipodia (49),
which may need the RhoG effector, ELMO, and the ELMO-
binding protein Dock180 and Dock4, both of which are Racl-
specific GEFs (50). When RhoG is activated, the Dock-ELMO
complex translocates to the plasma membrane, activating Racl
and resulting in cell migration. This finding indicates that RhoG
acts upstream to Racl and its activation is required for Racl
activity, particularly cell motility. Interestingly, the absence of
RhoG also inhibits RhoA activation, thereby decreasing the
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FIGURE 1 | Potential role of RhoG in the regulation of NFAT transcription activity in anergic T cell in canonical and alternative pathways. (A) In the classical pathway,
antigen receptor stimulation causes the synthesis of inositol-1,4,5-triphosphate (IP3), which opens IP5 receptor channels in the ER. The drop in ER Ca’* concentration
activates STIM1 and STIM2, which are needed to bind to and open CRAC channels generated by ORAI1 and ORAI2 proteins in the plasma membrane. CaM and the serine/
threonine phosphatase calcineurin are then activated by Ca®* inflow via CRAC channels. Calcineurin dephosphorylates numerous serine/threonine residues in the regulatory
domain of NFAT, causing a conformational shift, nuclear localization signal exposure, and NFAT nuclear import. Increased nuclear localization of NFAT may thereby
potentiate the NFAT-induced-anergy-associated gene. (B) Meanwhile, in an alternate pathway, Jak3 phosphorylates a single tyrosine residue within the regulatory domain of
NFAT, downstream of the IL-7 receptor, causing nuclear translocation and activation of NFAT in thymocytes independent of Ca2+ signals and calcineurin. Jak3 may activate
RhoG via Vav, causing NFAT to be localized in the nucleus. ER, endoplasmic reticulum; NFAT, nuclear factor of activated T cells; STIM, stromal interaction molecule; CRAC,

overall F-actin level (51). Altogether, these findings suggest the
role of RhoG in T cell migration is regulating the activation of
other small Rho GTPases.

3 RHOG ACTIVITY IS DYSREGULATED IN
T CELL-RELATED DISORDERS

3.1 Thymoma
According to the cBioPortal and TCGA datasets (accessed
December 2021), RhoG is frequently altered by amplification,

Ca2+ release-activated Ca 2+; CaM, calmodulin; Jak3, Janus kinase 3; IL-7, interleukin-7. Created with BioRender.com.

deletion, or mutation, and aberrant RhoG gene expression has
been observed in various malignancies, including thymoma.
Thymoma is a relatively uncommon tumour of thymic
epithelial cells. Various abnormalities have been described in
thymomas and affect normal T cell development by distorting
tumour architecture and inhibiting MHC class II expression,
autoimmune regulator gene expression, and formation of
regulatory T cells (52). RhoG has been implicated in thymoma
in type AB thymoma (cBioPortal) caused by a RhoG mutation
at Alal51Ser.

Interestingly, RhoH Alal151Val mutation produces a loss-of-
function effect, implying that a RhoG mutation at the same
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location may have the same effect. However, both RhoH and
RhoG only share 40% sequence similarities (3), indicating that it
may give a different effect. Most of the literature indicates that
RhoG plays an active role in cancer progression by promoting
cell migration, proliferation, and angiogenesis, and its absence is
related to the reduction of cancer characteristics. Nonetheless,
given the evidence of RhoG’s involvement in thymoma and lack
of its function in the regulation of thymocyte development,
RhoG Alal51Ser mutation may affect the activities of other
small Rho GTPases, such as Racl and Cdc42, leading to
impaired thymocytes development.

3.2 Hemophagocytic Lymphohistiocytosis
Hemophagocytic lymphohistiocytosis (HLH) is a potentially
fatal disease characterized by a generalized inflammatory
response caused by abnormal immune activation. The
estimated prevalence of HLH cases in different regions
worldwide varies from 1 to 10 in 1,000,000 of people.
However, the reported data might have been underestimated
because of scarce documentation (53-56). In general, HLH can
be distinguished into primary (or familial) that is inheritable,
whereas secondary HLH (predominantly endured by adult
individuals) are mostly triggered by three main factors:
infections, autoimmune diseases, and neoplasms (56, 57).
Secondary HLH particularly induced by infection is almost
similar to sepsis according to abnormal inflammatory
syndrome as a consequence of infection and leads to organ
dysfunction resulting from a “cytokine storm.” Given that HLH
syndrome can be nearly identical to sepsis, it may
unintentionally lead to the death of individuals who were
misdiagnosed with sepsis (58). Mechanistically, this
immunological disorder is characterized by systemic
inflammation produced by the defective exocytosis of cytotoxic
granules (CG), required for lymphocytes to eliminate infected or
malignant cells (51).

Recently, a missense mutation, Glul71Lys in RhoG has been
found to impair cytotoxic T lymphocyte (CTL) and natural killer
(NK) cell exocytosis, resulting in the development of a severe
HLH (51). RhoG knockout promotes deleterious effects on
human NK and CD8+ T cell exocytosis as manifested by
impaired cytoskeletal and cell morphology and abnormal

REFERENCES

1. Ridley AJ, Hall A. The Small GTP-Binding Protein Rho Regulates the
Assembly of Focal Adhesions and Actin Stress Fibers in Response to
Growth Factors. Cell (1992) 70:389-99. doi: 10.1016/0092-8674(92)90163-7

2. Sulciner DJ, Irani K, Yu ZX, Ferrans V], Goldschmidt-Clermont P, Finkel T.
Racl Regulates a Cytokine-Stimulated, Redox-Dependent Pathway Necessary
for NF-Kappab Activation. Mol Cell Biol (1996) 16:7115 LP - 7121.
doi: 10.1128/MCB.16.12.7115

3. Ahmad Mokhtar AM, Hashim IF, Mohd Zaini Makhtar M, Salikin NH,
Amin-Nordin S. The Role of Rhoh in TCR Signalling and Its Involvement in
Diseases. Cells (2021) 10:950. doi: 10.3390/cells10040950

4. Wennerberg K, Der CJ. Rho-Family Gtpases: It’s Not Only Rac and Rho (and
I Like it). J Cell Sci (2004) 117:1301-12. doi: 10.1242/jcs.01118

5. Citalan-Madrid AF, Garcia-Ponce A, Vargas-Robles H, Betanzos A, Schnoor
M. Small Gtpases of the Ras Superfamily Regulate Intestinal Epithelial

migratory capacity (51). The data hence suggest the critical
role of RhoG in CG docking to the membrane of
cytotoxic lymphocytes.

4 CONCLUSIONS AND FUTURE
PERSPECTIVES

RhoG is a critical component of T cell signalling and may be used
or targeted therapeutically in cancer and immune-related
diseases. However, existing understanding is insufficient and
requires additional comprehensive experimental validation.
Besides, inquiry into various illnesses and biological functions
is also needed to enhance the knowledge of the therapeutic utility
of targeting RhoG signalling axes.

The role of RhoG in thymocyte development is redundant
compared with the roles of other members in the subfamily.
Nonetheless, RhoG may be crucial to the control of T cell anergy
through NFAT transcriptional activity or TCR endocytosis from
the IS. Thus, further research into the role of RhoG in the control
of T cell anergy may aid the development of therapeutic targets
for the rescue of anergic T cells in human diseases, such as
cancer, autoimmune disease, and viral infection. However,
targeting a signalling node protein required for normal
physiology is difficult, justifying the need for substantial
research before identifying and designing the most effective
attack points for treating RhoG-associated diseases.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work, and approved it for publication.

FUNDING

The work has been funded by the Universiti Sains Malaysia
(Short-term Research Grant) No. 304/PTEKIND/6315523
granted to AMAM.

Homeostasis and Barrier Function via Common and Unique Mechanisms.
Tissue Barriers (2013) 1:¢26938. doi: 10.4161/tisb.26938

6. Haataja L, Groffen J, Heisterkamp N. Characterization of RAC3, a Novel
Member of the Rho Family. ] Biol Chem (1997) 272:20384-8. doi: 10.1074/
jbc.272.33.20384

7. Ridley AJ, Paterson HF, Johnston CL, Diekmann D, Hall A. The Small GTP-
Binding Protein rho Regulates the Assembly of Focal Adhesions and Actin
Stress Fibers in Response to Growth Factors. Cell (1992) 70:401-10. doi:
10.1016/0092-8674(92)90163-7

8. Nobes CD, Hall A. Rho, Rac, and Cdc42 Gtpases Regulate the Assembly of
Multimolecular Focal Complexes Associated With Actin Stress Fibers,
Lamellipodia, and Filopodia. Cell (1995) 81:53-62. doi: 10.1016/0092-8674
(95)90370-4

9. Aspenstrom P, Lindberg U, Hall A. Two Gtpases, Cdc42 and Rac, Bind Directly
to a Protein Implicated in the Immunodeficiency Disorder Wiskott-Aldrich
Syndrome. Curr Biol (1996) 6:70-5. doi: 10.1016/S0960-9822(02)00423-2

Frontiers in Immunology | www.frontiersin.org

February 2022 | Volume 13 | Article 845064


https://doi.org/10.1016/0092-8674(92)90163-7
https://doi.org/10.1128/MCB.16.12.7115
https://doi.org/10.3390/cells10040950
https://doi.org/10.1242/jcs.01118
https://doi.org/10.4161/tisb.26938
https://doi.org/10.1074/jbc.272.33.20384
https://doi.org/10.1074/jbc.272.33.20384
https://doi.org/10.1016/0092-8674(92)90163-7
https://doi.org/10.1016/0092-8674(95)90370-4
https://doi.org/10.1016/0092-8674(95)90370-4
https://doi.org/10.1016/S0960-9822(02)00423-2
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Ahmad Mokhtar et al.

RhoG’s Role in T Cell Activation and Function

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Machesky LM, Insall RH. Scarl and the Related Wiskott-Aldrich Syndrome
Protein, WASP, Regulate the Actin Cytoskeleton Through the Arp2/3
Complex. Curr Biol (1998) 8:1347-56. doi: 10.1016/S0960-9822(98)00015-3
Eden S, Rohatgi R, Podtelejnikov A, Mann M, Kirschner MW. Mechanism of
Regulation of WAVE1-Induced Actin Nucleation by Racl and Nck. Nature
(2002) 418:790-3. doi: 10.1038/nature00859

ten Klooster JP, Jaffer ZM, Chernoft ], Hordijk PL. Targeting and Activation of
Racl are Mediated by the Exchange Factor B-Pix. J Cell Biol (2006) 172:759—
69. doi: 10.1083/jcb.200509096

Milburn M, Tong L, DeVos AM, Brunger A, Yamaizumi Z, Nishimura S, et al.
Molecular Switch for Signal Transduction: Structural Differences Between
Active and Inactive Forms of Protooncogenic Ras Proteins. Sci (New York
N.Y.) (1990) 247:939-45. doi: 10.1126/science.2406906

Cherfils J, Zeghouf M. Regulation of Small Gtpases by Gefs, Gaps, and Gdis.
Physiol Rev (2013) 93:269-309. doi: 10.1152/physrev.00003.2012

Bos JLJ, Rehmann H, Wittinghofer A. Gefs and Gaps: Critical Elements in the
Control of Small G Proteins. Cell (2007) 129:865-77. doi: 10.1016/
j.cell.2007.05.018

Ahmad Mokhtar AM, Ahmed SBM, Darling NJ, Harris M, Mott HR, Owen D.
A Complete Survey of Rhogdi Targets Reveals Novel Interactions With
Atypical Small Gtpases. Biochemistry (2021) 60:1533-51. doi: 10.1021/
acs.biochem.1c00120acs.biochem.1c00120

Manresa-Arraut A, Johansen FF, Brakebusch C, Issazadeh-Navikas S,
Hasseldam H. Rhoa Drives T-Cell Activation and Encephalitogenic
Potential in an Animal Model of Multiple Sclerosis. (2018) 9:1235.
doi: 10.3389/fimmu.2018.01235

Guo F, Cancelas JA, Hildeman D, Williams DA, Zheng Y. Rac Gtpase
Isoforms Racl and Rac2 Play a Redundant and Crucial Role in T-Cell
Development. Blood (2008) 112:1767-75. doi: 10.1182/blood-2008-01-132068
Dumont C, Corsoni-Tadrzak A, Ruf S, de Boer ], Williams A, Turner M, et al.
Rac Gtpases Play Critical Roles in Early T-Cell Development. Blood (2009)
113:3990-8. doi: 10.1182/blood-2008-09-181180

Smits K, Iannucci V, Stove V, van Hauwe P, Naessens E, Meuwissen PJ, et al.
Rho Gtpase Cdc42 Is Essential for Human T-Cell Development.
Haematologica (2010) 95:367-75. doi: 10.3324/haematol.2009.006890
Saoudi A, Kassem S, Dejean A, Gaud G. Rho-Gtpases as Key Regulators of T
Lymphocyte Biology. Small GTPases (2014) 5:28208. doi: 10.4161/sgtp.28208
Accetta D, Syverson G, Bonacci B, Reddy S, Bengtson C, Surfus J, et al. Human
Phagocyte Defect Caused by a Rac2 Mutation Detected by Means of Neonatal
Screening for T-Cell Lymphopenia. J Allergy Clin Immunol (2011) 127:535—
538.e2. doi: 10.1016/j.jaci.2010.10.013

Lougaris V, Chou ], Beano A, Wallace JG, Baronio M, Gazzurelli L, et al. A
Monoallelic Activating Mutation in RAC2 Resulting in a Combined
Immunodeficiency. J Allergy Clin Immunol (2019) 143:1649-1653.€3.
doi: 10.1016/j.jaci.2019.01.001

Prieto-Sanchez RM, Bustelo XR. Structural Basis for the Signaling Specificity
of Rhog and Racl Gtpases. ] Biol Chem (2003) 278:37916-25. doi: 10.1074/
jbc.M301437200

Vigorito E, Bell S, Hebeis BJ, Reynolds H, McAdam S, Emson PC, et al.
Immunological Function in Mice Lacking the Rac-Related Gtpase Rhog. Mol
Cell Biol (2004) 24:719-29. doi: 10.1128/MCB.24.2.719-729.2004
Martinez-Martin N, Fernandez-Arenas E, Cemerski S, Delgado P, Turner M,
Heuser J, et al. T Cell Receptor Internalization From the Immunological
Synapse Is Mediated by TC21 and Rhog Gtpase-Dependent Phagocytosis.
Immunity (2011) 35:208-22. doi: 10.1016/j.immuni.2011.06.003

Vaeth M, Feske S. NFAT Control of Immune Function: New Frontiers for an
Abiding Trooper. F1000Research (2018) 7:260. doi: 10.12688/
f1000research.13426.1

Charpentier JC, King PD. Mechanisms and Functions of Endocytosis in T Cells.
Cell Communication Signaling (2021) 19:92. doi: 10.1186/s12964-021-00766-3
Nakaya M, Tanaka M, Okabe Y, Hanayama R, Nagata S. Opposite Effects of
Rho Family Gtpases on Engulfment of Apoptotic Cells by Macrophages *.
] Biol Chem (2006) 281:8836-42. doi: 10.1074/jbc.M510972200
Prieto-Sanchez RM, Berenjeno IM, Bustelo XR. Involvement of the Rho/Rac
Family Member Rhog in Caveolar Endocytosis. Oncogene (2006) 25:2961-73.
doi: 10.1038/sj.0nc.1209333

Nakayama M, Hori A, Toyoura S, Yamaguchi S-1. Shaping of T Cell Functions
by Trogocytosis. Cells (2021) 10:1155. doi: 10.3390/cells10051155

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Boccasavia VL, Bovolenta ER, Villanueva A, Borroto A, Oeste CL, van Santen
HM, et al. : Antigen Presentation Between T Cells Drives Th17 Polarization
Under Conditions of Limiting Antigen. Cell Rep (2021) 34:108861.
doi: 10.1016/j.celrep.2021.108861

Baier A, Ndoh VNE, Lacy P, Eitzen G. Racl and Rac2 Control Distinct Events
During Antigen-Stimulated Mast Cell Exocytosis. ] Leukocyte Biol (2014)
95:763-74. doi: 10.1189/j1b.0513281

Joseph N, Reicher B, Barda-Saad M. The Calcium Feedback Loop and T Cell
Activation: How Cytoskeleton Networks Control Intracellular Calcium Flux.
Biochim Biophys Acta (BBA) - Biomembranes (2014) 1838:557-68.
doi: 10.1016/j.bbamem.2013.07.009

Vigorito E, Billadeu DD, Savoy D, McAdam S, Doody G, Fort P, et al. Rhog
Regulates Gene Expression and the Actin Cytoskeleton in Lymphocytes.
Oncogene (2003) 22:330-42. doi: 10.1038/sj.onc.1206116

Macian F, Garcia-Cozar F, Im S-H, Horton HF, Byrne MC, Rao A.
Transcriptional Mechanisms Underlying Lymphocyte Tolerance. Cell
(2002) 109:719-31. doi: 10.1016/S0092-8674(02)00767-5

Hogan PG. Calcium-NFAT Transcriptional Signalling in T Cell Activation
and T Cell Exhaustion. Cell calcium (2017) 63:66-9. doi: 10.1016/
j.ceca.2017.01.014

de Leon-Bautista MP, Cardenas-Aguayo MDC, Casique-Aguirre D, Almaraz-
Salinas M, Parraguirre-Martinez S, Olivo-Diaz A, et al. Immunological and
Functional Characterization of Rhogdi3 and Its Molecular Targets Rhog and
Rhob in Human Pancreatic Cancerous and Normal Cells. PloS One (2016) 11:
€0166370. doi: 10.1371/journal.pone.0166370

Oh H-M, Yu C-R, Golestaneh N, Amadi-Obi A, Lee YS, Eseonu A, et al.
STAT3 Protein Promotes T-Cell Survival and Inhibits Interleukin-2
Production Through Up-Regulation of Class O Forkhead Transcription
Factors *. ] Biol Chem (2011) 286:30888-97. doi: 10.1074/jbc.M111.253500
Conley JM, Gallagher MP, Berg L]. T Cells and Gene Regulation: The
Switching on and Turning Up of Genes After T Cell Receptor Stimulation
in CD8 T Cells. Front Immunol (2016) 7:76. doi: 10.3389/fimmu.2016.00076
Ambriz-Pena X, Garcia-Zepeda EA, Meza I, Soldevila G. Jak3 Enables
Chemokine-Dependent Actin Cytoskeleton Reorganization by Regulating
Cofilin and Rac/Rhoa Gtpases Activation. PloS One (2014) 9:e88014-4.
doi: 10.1371/journal.pone.0088014

Montresor A, Bolomini-Vittori M, Toffali L, Rossi B, Constantin G, Laudanna
C. JAK Tyrosine Kinases Promote Hierarchical Activation of Rho and Rap
Modules of Integrin Activation. J Cell Biol (2013) 203:1003-19. doi: 10.1083/
jcb.201303067

Puga, Rao A, Macian F. Targeted Cleavage of Signaling Proteins by Caspase 3
Inhibits T Cell Receptor Signaling in Anergic T Cells. Immunity (2008)
29:193-204. doi: 10.1016/j.immuni.2008.06.010

Hashim IF, Mokhtar A. Small Rho Gtpases and Their Associated Rhogefs
Mutations Promote Immunological Defects in Primary Immunodeficiencies.
Int ] Biochem Cell Biol (2021) 137:106034. doi: 10.1016/j.biocel.2021.106034.
AM.

Borges WG, Augustine NH, Hill HR. Defective Interleukin-12/Interferon-y
Pathway in Patients With Hyperimmunoglobulinemia E Syndrome. J Pediatr
(2000) 136:176-80. doi: 10.1016/50022-3476(00)70098-9

Russo E, Salzano M, Postiglione L, Guerra A, Marotta V, Vitale M. Interferon-
v Inhibits Integrin-Mediated Extracellular Signal-Regulated Kinase Activation
Stimulated by Fibronectin Binding in Thyroid Cells. ] Endocrinol Invest (2013)
36:375-8. doi: 10.3275/8649

Ellison MA, Gearheart CM, Porter CC, Ambruso DR. Ifn-y Alters the
Expression of Diverse Immunity Related Genes in a Cell Culture Model
Designed to Represent Maturing Neutrophils. PloS One (2017) 12:e0185956.
doi: 10.1371/journal.pone.0185956

Gauthier-Rouviere C, Vignal E, Mériane M, Roux P, Montcourier P, Fort P.
Rhog Gtpase Controls a Pathway That Independently Activates Racl and
Cdc42Hs. Mol Biol Cell (1998) 9:1379-94. doi: 10.1091/mbc.9.6.1379
Derivery E, Gautreau A. Generation of Branched Actin Networks: Assembly
and Regulation of the N-WASP and WAVE Molecular Machines. BioEssays
(2010) 32:119-31. doi: 10.1002/bies.200900123

Katoh H, Hiramoto K, Negishi M. Activation of Racl by Rhog Regulates Cell
Migration. J Cell Sci (2006) 119:56 LP - 65. doi: 10.1242/jcs.02720
Kalinichenko A, Perinetti Casoni G, Dupre L, Trotta L, Huemer J, Galgano D,
et al. Rhog Deficiency Abrogates Cytotoxicity of Human Lymphocytes and

Frontiers in Immunology | www.frontiersin.org

February 2022 | Volume 13 | Article 845064


https://doi.org/10.1016/S0960-9822(98)00015-3
https://doi.org/10.1038/nature00859
https://doi.org/10.1083/jcb.200509096
https://doi.org/10.1126/science.2406906
https://doi.org/10.1152/physrev.00003.2012
https://doi.org/10.1016/j.cell.2007.05.018
https://doi.org/10.1016/j.cell.2007.05.018
https://doi.org/10.1021/acs.biochem.1c00120
https://doi.org/10.1021/acs.biochem.1c00120
https://doi.org/10.3389/fimmu.2018.01235
https://doi.org/10.1182/blood-2008-01-132068
https://doi.org/10.1182/blood-2008-09-181180
https://doi.org/10.3324/haematol.2009.006890
https://doi.org/10.4161/sgtp.28208
https://doi.org/10.1016/j.jaci.2010.10.013
https://doi.org/10.1016/j.jaci.2019.01.001
https://doi.org/10.1074/jbc.M301437200
https://doi.org/10.1074/jbc.M301437200
https://doi.org/10.1128/MCB.24.2.719-729.2004
https://doi.org/10.1016/j.immuni.2011.06.003
https://doi.org/10.12688/f1000research.13426.1
https://doi.org/10.12688/f1000research.13426.1
https://doi.org/10.1186/s12964-021-00766-3
https://doi.org/10.1074/jbc.M510972200
https://doi.org/10.1038/sj.onc.1209333
https://doi.org/10.3390/cells10051155
https://doi.org/10.1016/j.celrep.2021.108861
https://doi.org/10.1189/jlb.0513281
https://doi.org/10.1016/j.bbamem.2013.07.009
https://doi.org/10.1038/sj.onc.1206116
https://doi.org/10.1016/S0092-8674(02)00767-5
https://doi.org/10.1016/j.ceca.2017.01.014
https://doi.org/10.1016/j.ceca.2017.01.014
https://doi.org/10.1371/journal.pone.0166370
https://doi.org/10.1074/jbc.M111.253500
https://doi.org/10.3389/fimmu.2016.00076
https://doi.org/10.1371/journal.pone.0088014
https://doi.org/10.1083/jcb.201303067
https://doi.org/10.1083/jcb.201303067
https://doi.org/10.1016/j.immuni.2008.06.010
https://doi.org/10.1016/j.biocel.2021.106034
https://doi.org/10.1016/S0022-3476(00)70098-9
https://doi.org/10.3275/8649
https://doi.org/10.1371/journal.pone.0185956
https://doi.org/10.1091/mbc.9.6.1379
https://doi.org/10.1002/bies.200900123
https://doi.org/10.1242/jcs.02720
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Ahmad Mokhtar et al.

RhoG’s Role in T Cell Activation and Function

52.

53.

54.

55.

56.

57.

Causes Hemophagocytic Lymphohistiocytosis. Blood (2021) 137:2033-45.
doi: 10.1182/blood.2020008738

Weksler B, Lu B. Alterations of the Immune System in Thymic Malignancies.
J Thorac Oncol (2014) 9:S137-42. doi: 10.1097/JTO.0000000000000299
Arico M, Danesino C, Pende D, Moretta L. Pathogenesis of Haemophagocytic
Lymphobhistiocytosis. Br ] Haematol (2001) 114:761-9. doi: 10.1046/j.1365-
2141.2001.02936.x

Machaczka M, Vaktnids J, Klimkowska M, Higglund H. Malignancy-
Associated Hemophagocytic Lymphohistiocytosis in Adults: A
Retrospective Population-Based Analysis From a Single Center. Leukemia
lymphoma (2011) 52:613-9. doi: 10.3109/10428194.2010.551153

Henter J-I, Arico M, Elinder G, Imashuku S, Janka G. Familial
Hemophagocytic Lymphohistiocytosis: Primary Hemophagocytic
Lymphohistiocytosis. Hematol/Oncol Clinics North America (1998) 12:417-
33. doi: 10.1016/S0889-8588(05)70520-7

Bursa D, Bednarska A, Pihowicz A, Paciorek M, Horban A. Analysis of the
Occurrence of Hemophagocytic Lymphohistiocytosis (HLH) Features in
Patients With Sepsis: A Prospective Study. Sci Rep (2021) 11:1-10. doi:
10.1038/s41598-021-90046-4

Ramos-Casals M, Brito-Zeron P, Lopez-Guillermo A, Khamashta MA, Bosch
X. Adult Haemophagocytic Syndrome. Lancet (2014) 383:1503-16. doi:
10.1016/S0140-6736(13)61048-X

58. Machowicz R, Janka G, Wiktor-Jedrzejczak W. Similar But Not the Same:
Differential Diagnosis of HLH and Sepsis. Crit Rev Oncol/Hematol (2017)
114:1-12. doi: 10.1016/j.critrevonc.2017.03.023

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.

Copyright © 2022 Ahmad Mokhtar, Salikin, Haron, Amin-Nordin, Hashim,
Mohd Zaini Makhtar, Zulfigar and Ismail. 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.

Frontiers in Immunology | www.frontiersin.org

February 2022 | Volume 13 | Article 845064


https://doi.org/10.1182/blood.2020008738
https://doi.org/10.1097/JTO.0000000000000299
https://doi.org/10.1046/j.1365-2141.2001.02936.x
https://doi.org/10.1046/j.1365-2141.2001.02936.x
https://doi.org/10.3109/10428194.2010.551153
https://doi.org/10.1016/S0889-8588(05)70520-7
https://doi.org/10.1038/s41598-021-90046-4
https://doi.org/10.1016/S0140-6736(13)61048-X
https://doi.org/10.1016/j.critrevonc.2017.03.023
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	RhoG’s Role in T Cell Activation and Function
	1 Introduction
	2 Functions of RhoG in T Cell Homeostasis
	2.1 Role of RhoG in the Growth and Maturation of Thymocytes 
	2.2 RhoG in Peripheral T Cell Activation
	2.2.1 RhoG’s Function in Proximal TCR Signalling
	2.2.2 RhoG’s Function in Distal TCR Signalling

	2.3 RhoG’s Role in Controlling the Actin–Cytoskeleton and Migration of T Cells

	3 RhoG Activity Is Dysregulated in T Cell-Related Disorders
	3.1 Thymoma
	3.2 Hemophagocytic Lymphohistiocytosis

	4 Conclusions and Future Perspectives
	Author Contributions
	Funding
	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


