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Manuscript History The Hippo pathway is a tumor suppressor pathway that negatively
regulates YAP and TAZ by regulating cell proliferation, cell growth
and cell death. One of the core kinase of Hippo pathway, large tumor
suppressor (LATS 1/2) are serine/threonine kinases which belongs to
NDR family that are phosphorylated and activated by MST 1/2 and
MOB 1/2 followed by phosphorylation of transcriptional co-activator
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Introduction

Cell development is essential form of every cell but we perceive little knowledge about the mechanism that controls
the organ size[1][2]. For instance, when does a cell know to terminate cell division after it reaches its essential size?
How does our body recognize when there is injury in the body and starts to regenerate? Since last two decades,
much hard work had made progress to these mechanism to unveil cell proliferation, differentiation and its malignant
transformation but still we know little knowledge about mechanism to control organ size[3].

Not only, the discovery of Hippo pathway play as a crucial regulator of organogenesis in Drosophila but also in
terms of mammal development and tumorigenesis[4]. Hippo pathway consists of core kinase cascade known as Hpo
(MST 1/2 orthologue of mammal), a member of Ste-20 protein kinase which phosphorylates Warts (LATS 1/2
orthologue of mammal). As a key regulator of this growth-inhibitory pathway, the large tumor suppressor
(LATS)/Warts (Wts) gene encodes a Serine/Threonine protein kinase and somatic mutations in human LATS1 and
LATS2 have been identified in primary tumors[5]. These protein kinases along with others help to regulate the
normal phenomenon of cell differentiation, proliferation and apoptosis[6]. In a cell, phosphorylation of the
transcriptional coactivators, Yes-associated protein (YAP) and WW domain containing transcription regulator 1
(TAZ) is controlled by LATS 1/2 which then, regulate cell proliferation, differentiation, and malignant
transformation[7]. Hippo pathway has been deregulated in many types of cancer such as breast, lung, liver, colon,
cervix, ovary and esophagus[8—13]. Regulation of gene expression take place in nucleus by transducing signal from
cytoplasm to nucleus. Although there has been much understanding about the mechanism of signal transduction of
core kinases, little is known in the other fields of Hippo pathway and lacks clear identification of mutational genes
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and cause of tumor progression. In this review, we relate the core kinase of Hippo pathway, LATS in terms of breast
cancer cell.

The Hippo Pathway:-

Hippo pathway was first discovered through multiple genetic screening in Drosophila melanogaster[14,15](protein
kinases explained are related to D. melanogaster). It is also known as Salvador — Warts — Hippo Pathway. With
recent discoveries and valid hypothesis; Hippo pathway can trigger tumorigenesis in mice, mutation and alter gene
expression and also core for control of organ growth as well as suppression of tumor. Hippo pathway has been
linked with various critical biological processes and human diseases including organ growth control, stem cell
function, tissue regeneration and tumor suppression[6]. Hippo pathway is constantly regulated in order to maintain
the organ size and cellular proliferation during the development as well as homeostasis. Signaling tightly controls
organ growth as well as tumor initiation and invasion. At first, animals with Hpo mutant eye discs produce adults
with severely overgrown eyes and heads that are folded and darker than normal. The Hpo gene was thus named after
its mutant adult head phenotype, which resembles that of the hippopotamus[16]. In Drosophila, lack of Hippo
signaling in imaginal discs causes overgrowth because mutant cells proliferate faster than normal cell. And hence,
they continue to proliferate beyond normal disc size and are resistant to the pro-apoptotic signal that would normally
consume extra cells[16,17]. Thus, Hippo pathway confines cell proliferation and promotes cell apoptosis. Hippo
pathway initially affects the number of cells produced and has only minor effects on tissue patterning.

With recent discoveries, several other genes have been identified and added in Hippo pathway, a complex signaling
pathway with upstream and downstream regulators. In the center of the Hippo pathway lies two core kinases, the
Ste20-like kinase - Hpo and NDR family kinases — Wits, these forms kinase cascade[16-18]. The Hpo and Wts
kinases, along with their co-factors Salvador (Sav) and Mob as tumor suppressor (Mats) and Yorkie (Yki)
transcriptional co-activator, forms the core kinases of Hippo pathway. In active state, Hpo together with co-factor
protein kinase Sav facilitate to phosphorylate Wts and its cofactor Mats, which then activates Wts kinase activity,
the pathway is how considered at an activated state. Activated Wts/Mats phosphorylates YKki (which is considered as
a key event in the canonical Hippo pathway) at three different sites (S111, S168 and S250)[6,19,20] and hence
deactivating the function of Yki. Though phosphorylation of Yki at different sites contribute to the regulation of
Yki, phosphorylation at S168 plays crucial role which results to bind Yki to 14-3-3 phosphopeptide binding
proteins, resulting to restrict location of Yki to nucleus thereby suppressing Yki transcriptional activity[19-21]. If
Hippo signaling is not in active state, the major downstream effector of Hippo pathway, Yki binds to the
transcripition factor Scalloped (Sd) and Yki-Sd complex are translocated into the nucleus and bind to DNA via
forming complexes with transcriptional enhancer factors TEAD 1-4. When YKki is activated, genes that promote
organ growth such as cyclin E (promotes cell cycle progression) and diapl (prevents cell apoptosis) is also
activated[6]. Yki also bind with other transcription factors such as SMADs, TBX5, RUNX1/2 as well as P73 to
regulate gene expression[22].

Multiple upstream regulators of Hippo pathway regulate Yki (YAP/TAP homolog of D. melanogaster) activity
either by activating core kinases cascade to suppress function of Yki or by forming a complex system to restrict their
nuclear access. These upstream regulators include: KIBRA-Ex-Mer complex, Scrib-Crumbs, GPCRs, Fat and
Dachsous and Echinoid (orthologue of hemicentin 1 in mammals). Hence, downstream regulator, YKi acts as a cell
growth promoter, whereas the upstream regulators, Hpo, Sav, Wts and Mats counteract the function of Yki. Most of
the terms used in this review emphasizes in terms of mammals rather than D. melanogaster.

LATS as down regulator of transcriptional co-activator YAP:-

With the recent articles so far, LATS 1/2 are only the two members of NDR kinase family in mammals that
phosphorylates transcriptional co-activator YAP. The interaction of LATS 1 binds to both WW domains of YAP
through its PPPY559 motif to inhibit the function of Y AP[23]. YAP is known to be the substrate of LATS rather
than NDR. To understand, how LATS acts as upstream regulator in Hippo YAP pathway, A. Hao et al. has
identified the phosphorylation sites of LATS 1 in YAP. In mammals, YAP is phosphorylated in five different sites
via phosphorylation of motif HXRXXS at S61A, S109A, S127A, S164A and S397A whereas, in D. melanogaster
Yki is phosphorylated in two sites at S111 and S168[23]. Phosphorylation at S168 is considered as an important
factor because Yki binds to 14-3-3 phosphopeptide binding proteins, resulting to restrict location of Yki to
nucleus[21]. Hence, phosphorylation of YAP by LATS 1 inhibits subcellular location to nucleus, leading to
sequestration of YAP in the cytoplasm. Likewise, site of phosphorylation of YAP at S127 is also shown to be crucial
in mammals and hence binding site for 14-3-3, this increases its interaction with cytoplasmic protein. Therefore,
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LATS 1/2 regulate mammary cell proliferation and maturation through antagonism of YAP/TAZ. The down
regulation of LATS kinases also alters P53, a tumor suppressor/regulator of homeostasis, to promote cell migration
which thereby can lead to metastasis to other organs[24]. Mutation of tumor suppressor genes, loses its capabilities
and acquire gain of function to enhance tumorigenesis and invasion.

Expression of LATS in HER2 positive and TNBC:-

The core kinases, LATS 1/2 of Hippo pathway also regulate with ataxia telangiectasia and Ras3-related protein ATR
checkpoint kinase 1 (ATR-Chk1) and ataxia telangiectasia mutated ATM checkpoint kinase 2 (ATM-Chk2), which
are the central nodes of DNA damage response (DDR) to minimize the expression of YAP[25]. Neither TAZ nor
YAP, independently on whether they were considered in tumor cells or in neoplastic cells, showed a significant
association with pCR (pathological complete response). In TNBC, both TAZ and YAP are closely related proteins,
involved and possibly cooperate in metastatic dissemination. TAZ and YAP elicit a partial different array of
oncogenic activities[26]. Tumors are mostly considered as positive or negative mostly on the basis of cellular
localization and assessment of YAP/TAZ should be extended to the non-neoplastic compartment, in order to take
into account the biological relevance of the Hippo pathway in CAFs (Cancer associated fibroblasts), TILs (tumor
infiltrating lymphocytes) and endothelial cells[26]. Nuclear localization of YAP/TAZ is more prone in risk of
recurrence. Hence, Hippo related micro environment needs vast studies in breast cancer in order to picture the
significance of Hippo transducers in individual breast cancer subtypes.

Regulation of Hippo pathway by interaction between LATS and KIBRA:-

Recent studies show that KIBRA, regulates Hippo pathway by interacting with large tumor suppressor kinases.
KIBRA associates with both large tumor suppressor kinases, LATS 1 and LATS 2 by interacting with endogenous
protein, Merlin. It has been identified that WW domains in KIBRA are required to interact with LATS 2[27].
KIBRA binds with LATS 2 through its N-terminal 100 amino acids, which is the reason why deletion of first 100
amino acids from KIBRA terminates the interaction between KIBRA and LATS 2. KIBRA contains 2 WW domains
in its N-terminal (amino acids 7-39 for WW1 and amino acids 54-86 for WW2). LATS 2 protein mutated in its
PPxY motif partially lost interaction with KIBRA, further implying that another region besides the PPXY motif in
LATS 2 is involved in associating with KIBRA[22]. It has been known that N-terminal amino acids of KIBRA,
PPxY motif and LATS 1/2 are required for the interaction between KIBRA and LATS, to regulate the Hippo
signaling pathway. KIBRA also promotes both large tumor suppressor Kinases activity by stimulating
phosphorylation on their hydrophobic sites[28]. KIBRA protein with its WW domain deleted is virtually unable to
promote the phosphorylation of LATS 2, suggesting that the association with LATS 2 protein is required for KIBRA
to activate the kinases. This interaction between WW domains of KIBRA and LATS is verified in human cell lines
whereas deletion of any of WW domains in D. melanogaster has not yet been identified[27]. KIBRA significantly
increases site of phosphorylation of YAP which suggests that KIBRA regulates Y AP phosphorylation. KIBRA with
its WW domains deleted was not able to promote YAP phosphorylation. But mutation of both WW domain alone
could affect the ability of KIBRA to promote YAP phosphorylation. KIBRA also regulates LATS 1/2 and YAP
phosphorylation independent of MST 1/2 kinases.

Down regulation of LATS kinases serve as prognostic factor:-

In a study of 30 breast tumors and 6 adjacent normal breast tissue (Y. Takahashi et al.) shows that hyper methylation
of LATS Kkinases were seen in breast tumors whereas in normal breast tissue were not observed. Hence, correlating
the LATS kinases level with clinico-pathologic parameter, decreased expression of LATS1 mRNA levels was
clinically useful in prediction of survival. LATS level are a significant prognostic factor, independent of lymph node
metastasis. Decrease in expression of LATS kinases level was significantly associated with a large tumor size[29].
Likewise, in terms of lung cancer, the relationship of YAP and LATS shows inverse proportional ie. when there is
expression of nuclear YAP, cytoplasmic YAP didn’t show any expression[30]. Also, regulation of YAP is
associated with expression of other cell cycle markers. Not only, in breast, also in other organ such as lung, liver,
blood vessels, esophagus and prostate shown similar results[5,31-35]. Therefore, loss of LATS kinase expression is
highly associated with cell proliferation as well as organ size.

Conclusion:-

LATS, a tumor suppressor gene, is dedicated to promote phosphorylation of transcriptional co-activator YAP to
restrict its nuclear location and hence deactivate its function. While, studies have been going through to restrict the
nuclear location of YAP, we have only handful of knowledge regarding how LATS provoke as upstream regulator
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in Hippo pathway. There has been evidence, not only LATS is phosphorylated by MST and MOB but also there are
other co-factor genes that regulates the phosphorylation of LATS. Clearly, much more work needs to be done to
understand the Hippo pathway as researchers has been discovering new regulating genes that could be crucial for
development of mammary gland or its disease as well as in diagnosis and treatment for various types of cancer.
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