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Abstract:

Background:

Protein-protein interaction networks are of great importance for understanding the complexity of biological processes and diseases, including
cancer. However, detecting key proteins that regulate and mediate biological processes within these networks can be challenging due to their
enormous size and complexity. Identification of these important proteins is of great importance for identifying therapeutic targets and elucidating
molecular mechanisms in various types of cancer.

Aims:

The aim of this study was to investigate the importance of zone 2, the central zone of the protein interaction network in humans, and to identify
potential therapeutic targets for common proteins expressed in different types of cancer.

Method:

We analyze zone 2 of the human protein interaction network and identify proteins within the network that function as key regulators or mediators
of biological processes. We use multiple biological databases to collect data on protein-protein interactions and cancer types. We analyze the data
to obtain promising proteins for different types of cancer.

Results:

Our analysis identified several important proteins in several types of cancer. These proteins play important roles in regulating biological processes
within the network.

Conclusion:

Our approach effectively identifies essential proteins within protein-protein interaction networks across multiple cancer types. Furthermore, the
identification  of  key  proteins  in  zone  2  of  the  human  protein  interaction  network  will  provide  new insights  into  the  molecular  mechanisms
underlying various cancer types and pave the way for new therapeutic targets.
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1. INTRODUCTION

In the field of cancer research, graph theory analysis is an
increasingly  valuable  tool  for  analyzing  protein-protein
interaction networks (PPIs) and revealing their structural and
functional properties. By mapping proteins as nodes and their
interactions  as  edges,  this  approach  allows  us  to
comprehensively study the topological features of the network
and the major players that play important roles in biological
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processes  can  be  identified.  Graph  theory  analysis  has  been
used  in  many  studies  to  investigate  PPI  in  various  types  of
cancer  such  as  breast  cancer,  lung  cancer,  glioblastoma,  and
hepatocellular carcinoma [1 - 3]. Graph theory identifies key
nodes associated with disease progression and patient survival
in  breast  cancer  and  reveals  key  proteins  involved  in  tumor
progression,  immune  response,  and  drug  resistance  in
hepatocellular  carcinoma  have  been  successful  [4,  5].  In
addition, functionally important common key nodes have been
identified  in  different  types  of  cancer,  highlighting  their
potential  as  promising  targets  for  broad-spectrum  cancer
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therapy  [6  -  12].

Our  goal  in  this  study  is  to  use  tools  that  have  been
successful in graph theory analysis to develop human studies
that act on multiple cancer types such as breast, prostate, small
cell  lung,  colorectal,  non-small  cell  lung,  endometrial,
pancreatic,  thyroid,  and  bladder  cancer  [13  -  15].  This
investigation  will  focus  on  zone  2,  two  distances  from  the
center  of  the  network  to  discover  important  nodal  points
associated  with  different  types  of  cancer.

2. METHODOLOGY

In  our  previous  work,  we  used  specific  methods
(http://www.boost.org/)  to  study  protein-protein  interactions
(PPIs). We treated these interactions as a metric space and used
graph  theory  tools  for  analysis  [13].  Our  approach  involves
conceptualizing all  PPIs as a metric space,  locating a central
node  within  each  network,  and  classifying  the  remaining
proteins  into  discrete  'zones'  based  on  their  graph-theoretic
distance from the central protein. For example, proteins in zone
1  were  located  just  one  step  away  from  the  midpoint,  while
zone 2 contained proteins two steps away. Our study reveals a
radial pattern of protein interactions revolving around a central
node.  Remarkably,  there  was  a  pronounced  accumulation  of
protein in the center of the network, with less protein moving
away  from  this  central  point.  Furthermore,  we  identified  a
significant  biological  significance  in  the  hierarchical
distribution  of  proteins  radiating  from  the  center.  By
systematically and concisely evaluating PPIs as a metric space
that emphasizes the relative position of zones with respect to
the  center,  we  effectively  highlight  significant  differences
between  PPI  networks  in  healthy  and  diseased  tissues.  We
suggested  that  centrally  located  proteins,  especially  those
involved in sensory function, may serve as promising targets
for  therapeutic  intervention.  Such  proteins  should  be
thoroughly evaluated based on our metric space methodology
in future studies.

Our  ongoing  work,  which  builds  on  the  framework
outlined in previous studies, shows that essential proteins are
present at high concentrations in central zones within specific
human  PPI  networks  and  have  established  drug  targets.  ing.
Moreover, these central zones exhibit a more substantial state,
supporting  the  concept  of  potential  utility  in  drug  target
discovery  quests  [14].  Expanding  on  the  scope  of  previous
analytical  efforts,  the  current  study  focuses  on  zone  2.  This
zone is characterized by an enriched binding hub for proteins
associated  with  a  variety  of  cellular  functions,  including
signaling  pathways,  immune  responses,  blood  clotting
mechanisms,  and  disease  associations.

3.  PATHWAY  ASSESSMENT  AND  FUNCTIONAL
ENRICHMENT INTERPRETATION

To determine the biological importance of zone 2 within
the  PPI  network,  we  performed  protein  overexpression
pathway  analysis  to  identify  specific  functions  that  could  be
attributed to zone 2. A number of web services were used to
perform  zone  2  enrichment  analysis,  including  gene  set
enrichment in comparative toxicogenomics databases and gene
ontology term enrichment analysis. Statistical significance was

set  at  a  threshold  of  0.01.  Finally,  to  explore  the  possible
functional specialization of zone 2, we calculated the ratio of
proteins involved in each enriched signaling pathway.

3.1.  Analysis  of  Protein  Pathways  Associated  with
Oncogenes and Tumor Suppressors

A thorough analysis of protein scores was performed with
particular emphasis on scores associated with oncogenes and
tumor suppressors. Using data from large-scale cancer genome
sequencing studies, signaling pathways exhibiting enrichment
were  identified.  In  particular,  our  analysis  focused  on
investigating  interactions  that  yielded  significant  results.
Results  showed  that  these  interactions  often  involve  genes
causally  associated  with  cancer  [16].

3.2.  Proteins  Essential  for  Cellular  Processes,  Signalling,
Growth, Cell Cycle Regulation, and Potential Therapeutic
Targets

To  assess  zone  2  of  the  human  functional  protein
interaction network [17]. We identified a panel of noteworthy
human proteins by taking advantage of the corresponding gene
knockout phenotypes observed in mice [18].

4. RESULTS

In our previous work, we found that interactions between
human proteins  can be modeled as  a  metric  space [13].  This
involves grouping proteins into different zones based on their
proximity to hub proteins that are tightly bound and essential to
biological networks.

Recently,  a  zone  near  the  network  center  was  shown  to
contain  important  proteins  and  potential  therapeutic  targets
[19].  In  particular,  we  showed  that  zone  2  contains  proteins
specialized  for  specific  household  functions.  For  example,
oncogenes  such  as  PIK3CA,  EGFR,  AKT1,  MAP2K1,  AR,
JAK2, and JAK1 are involved in various cellular processes and
signaling  pathways  involved  in  cell  growth,  proliferation,
survival,  metabolism,  and  signaling.  Furthermore,  we  found
that  suppressor  proteins  such  as  EP300,  TP53,  CASP8,
PIK3R1,  CREBBP,  and  PTCH1  are  of  interest  in  gene
regulation,  DNA  repair,  apoptosis,  and  cell  signaling  [20].
Recent  studies  have  shown  that  key  zone  2  proteins  such  as
KIT,  ERBB2,  PDGFRA,  MET,  FGFR2,  and  FGFR3  are
involved  in  numerous  cancer-associated  signaling  pathways,
particularly the PI3K/AKT pathway [21].

On this basis,  our current study aims to examine zone 2,
the most highly interconnected zone rich in proteins involved
in  signal  transduction,  immune  response,  hemostasis,  and
disease  pathways.  This  zone  contains  proteins  involved  in
various  cellular  functions  such  as  cell  cycle  regulation  and
response to DNA damage [22]. To determine whether specific
signaling  pathways  were  enriched  in  this  zone,  we  mapped
them  to  proteins  in  the  KEGG  signaling  pathway  [23].  Our
investigation  focused  on  4497  proteins  in  zone  2,  which  are
diverse  in  breast,  prostate,  small  cell  lung,  colorectal,  non-
small  cell  lung,  endometrial,  pancreatic,  thyroid  and  bladder
cancers. We aimed to identify its involvement in various cancer
pathways (Table 1).

http://www.boost.org/
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Table 1. Distribution of cancer-related proteins within zone
2.

Type of Cancer Number of Proteins
Breast 101

Prostate 52
Small cell lung 52

Colorectal 38
Non-small cell lung 34

Endometrial 32
Pancreatic 29
Thyroid 19

Bladder cancer 19

4.1.  Distribution  of  Essential,  Signalling,  Growth,  Cell
Cycle,  MAPK  Cascde,  Positive  Signalling  and  Negative
Signalling  in  Cancer-related  Proteins  within  Zone  2

Activation  and  regulation  of  signaling  pathways  play  an
important role in cancer development and progression. Cancer
cells often alter and disrupt the signaling pathways that enable
proliferation and survival, so it is important to focus on cancer
therapies  that  target  these  signaling  pathways.  Focusing  on
these signaling pathways can disrupt their function, ultimately
affecting cancer cell proliferation and viability [24 - 27]. Table
2  shows  that  signaling  proteins  account  for  the  major
proportion  of  all  cancers  at  85.63%,  followed  by  essential
proteins  at  53.98%.  Here  are  the  ratios  for  the  rest  of  the
functions: positive signal (35.37%), MAPK cascade (35.10%),

negative  signal  (17.02%),  cell  cycle  (15.15%),  and
proliferation  (8.77%).

4.2. Distribution of Apoptosis, Positive Apoptosis, Negative
Apoptosis, Oncogenes Tumor Suppressor, and Therapeutic
Target in Cancer-related Proteins within Zone 2

Cancer networks rely heavily on proteins that promote or
prevent cancer, such as oncogenes and tumor suppressor genes,
respectively. Interactions between these proteins have profound
effects on cancer cell behavior [28, 29]. Our findings show that
oncogenes  accounted  for  the  largest  proportion  at  11.7%,
suggesting  that  these  proteins  may  be  promising  targets  for
drug  development.  Residual  functions  such  as  tumor
suppressors,  successful  therapeutic  targets,  proteins,  and
apoptosis have low percentages of 0.26% to 6.11%, suggesting
that  they  may  also  be  involved  in  cancer,  albeit  to  a  lesser
extent (Table 3).

4.3. Common Proteins Among Types of Cancer Pathways
and their Function

Since cancer does not arise from a single gene or protein,
identifying proteins shared within cancer networks is of great
importance.  Rather,  it  is  the result  of  a  complex labyrinth of
interactions between various genes and proteins that  monitor
cell growth, regeneration, and death. Therefore, in our study,
we  identified  two  proteins,  BRAF  and  KRAS,  which  are
present in all cancers except small-cell lung cancer, for study.
These  proteins  play  important  roles  as  MAPKs,  positive
signaling,  and  oncogenic  proteins.

Table 2. Distribution of essential, signalling, growth, cell cycle, MAPK cascde, positive signalling and negative signalling in
cancer-related proteins within zone 2.

Cancer Type # of Proteins E S G C M P/S N/S
Breast 101 51 (50.49%) 99 (98%) 10 (9.90%) 11 (10.89%) 37 (36.63%) 45 (44.45%) 23 (22.77%)

Prostate 52 31 (59.61%) 41 (78.74%) 4 (7.69%) 13 (25%) 21 (40.38%) 20 (38.46%) 10 (19.23%)
Small cell lung 52 27 (51.92%) 28 (53.84%) 1 (1.92%) 6 (11.53%) 5 (9.61%) 8 (15.38%) 3 (5.76%)

Colorectal 38 22 (57.89%) 35 (92.10%) 5 (13.15%) 3 (7.89%) 11 (28.9%) 11 (28.9%) 7 (14.42%)
Non-small cell lung 34 15 (44.11%) 32 (94.11%) 1 (2.94%) 8 (23.52%) 11 (32.35%) 10 (29.41%) 4 (11.76%)

Endometrial 32 21 (65.62%) 30 (93.75%) 3 (9.37%) 4 (12.5%) 12 (37.5%) 12 (37.5%) 10 (31.25%)
Pancreatic 29 15 (51.72%) 26 (89.65%) 4 (13.79%) 5 (17.24%) 11 (37.93%) 9 (31.03%) 1 (3.44%)
Thyroid 19 11 (57.8%) 17 (89.4%) 2 (10.52%) 2 (10.52%) 6 (31.5%) 8 (42.10%) 4 (21.05%)

Bladder cancer 19 10 (52.63%) 14 (73.68%) 3 (15.78%) 5 (26.31%) 8 (42.10%) 10 (52.63%) 2 (10.52%)
Abbreviations: E= Essential, S= Signalling, G= Growth, C= Cell cycle, M= MAPK cascde, P/S= Positive signalling, N/S= Negative signalling.

Table 3. Distribution of apoptosis, positive apoptosis, negative apoptosis, oncogenes tumor suppressor, and therapeutic target
in cancer-related proteins within zone 2.

Cancer Type #of Proteins A P/A N/A O SG T
Breast 101 0 (0.00%) 0 (0.00%) 0 (0.00%) 7 (6.93%) 5 (4.95%) 5 (4.95%)

Prostate 52 0 (0.00%) 0 (0.00%) 0 (0.00%) 8 (15.38%) 1 (1.92%) 4 (7.69%)
Small cell lung 52 1 (1.92%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 1 (1.92%) 3 (5.76%)

Colorectal 38 1 (2.63%) 1 (2.63%) 0 (0.00%) 3 (7.89%) 7 (18.42%) 2 (5.26%)
Non-small cell lung 34 0 (0.00%) 0 (0.00%) 0 (0.00%) 6 (17.64%) 0 (0.00%) 3 (8.82%)

Endometrial 32 0 (0.00%) 0 (0.00%) 0 (0.00%) 6 (18.75%) 5 (15.6%) 1 (3.12%)
Pancreatic 29 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (10.34%) 2 (6.89%) 1 (3.44%)
Thyroid 19 0 (0.00%) 0 (0.00%) 0 (0.00%) 5 (26.31%) 1 (5.26%) 3 (15.78%)
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Cancer Type #of Proteins A P/A N/A O SG T
Bladder cancer 19 0 (0.00%) 0 (0.00%) 0 (0.00%) 6 (31.57%) 1 (5.26%) 1 (5.26%)

Abbreviations: A= Apoptosis, P/A= Positive apoptosis, N/A= Negative apoptosis, O = Oncogenes, SG= Suppressor gene, T= Target protein.

Table 4 shows the overlapping distribution of proteins in
various cancers, including endometrial, small cell lung, breast,
and  prostate  cancers,  all  of  which  are  signaling  proteins.
Among  them,  PTEN  is  a  negative  signaling  protein  and  a
tumor suppressor that regulates the cell cycle. In addition, the
PTEN gene contains coding sequences for enzymes present in
almost all  types of body tissue. This enzyme acts as a tumor
suppressor by inhibiting and thereby regulating excessive and
uncontrolled cell proliferation during cell division [30].

Table  4.  Distribution  of  essential,  signalling,  cell  cycle,
positive  signalling,  negative  signalling  and  tumor
suppressor  in  cancer-related  proteins  within  zone  2.

Cancer Type Common Proteins E S C P/S N/S SG

Endometrial
Small cell lung

Breast
Prostate

PTEN
PIK3CD -
PIK3CB
AKT2
AKT3

PIK3R3
PIK3R2

Abbreviations: E = Essential, S = Signalling, C = Cell cycle, N/S = Negative
signalling, P/S = Positive signalling, SG = Suppressor gene.

Table  5  shows  proteins  commonly  present  in  breast,
prostate,  colorectal,  non-small  cell  lung,  endometrial,
pancreatic, and bladder cancers. This observation indicates that
these  proteins  are  part  of  signaling  pathways  that  regulate
various  important  functions  of  the  cell  and  that  they  all
function  as  oncogenes.

Table 5. Distribution of essential, signalling, MAPK cascde,
positive signalling and oncogenes in cancer-related proteins
within zone 2.

Cancer type Common Proteins E S M P/S O
Breast

Prostate
Colorectal

Non small cell lung
Endomentrial

Pancreatic
bladder

ARAF

BRAF

KRAS

Abbreviations:  E  =  Essential,  S  =  Signalling,  M  =  MAPK  cascade,  P/S  =
Positive signalling O = Oncogenes.

Finally,  Table  6  lists  proteins  commonly  present  in  the
breast,  prostate,  colorectal,  non-small  cell  lung,  endometrial,
pancreatic,  and  small  cell  lung  cancer.  This  observation
indicates  that  all  these  proteins  are  involved  in  signaling
pathways. In general, the PIK3CA, PIK3CB, and AKT2 genes
are important for various cellular processes. Mutations in these
genes are associated with several diseases such as cancer and
diabetes [31, 32].

5. DISCUSSION

In  this  study,  we  examine  the  importance  of  zone  2,  the
central  zone  of  the  human  protein  interaction  network.  Our

goal  was  to  identify  common proteins  expressed  in  different
cancer types to target therapeutics. The results demonstrate the
predominance of signaling and essential proteins in all cancers
highlighted in Table 2. Oncogenes and tumor suppressor genes
have also been discussed, suggesting that a greater proportion
of  oncogenes  are  promising  targets  for  drug  development.
Table 3 provides further details on protein function in cancer.
Our  results  showed  that  there  are  several  proteins  that  are
consistently expressed in most cancers. These include BRAF
and KRAS, which play key roles in the intracellular signaling
pathway  known  as  the  MAPK/ERK  pathway.  This  pathway
helps  regulate  cell  growth,  cell  division,  and  differentiation.
Both  proteins  are  important  targets  for  cancer  therapy,  and
drugs  targeting  these  proteins  are  currently  being  developed
and tested in clinical trials. In addition, Tables 4, 5, and 6 list
proteins  found  in  various  types  of  cancer  and  their  roles  in
regulating cell growth, cell regeneration, and cell proliferation.
Furthermore, the presence of PTEN has also been observed in
endometrial cancer, small-cell lung cancer, breast cancer, and
prostate cancer. It has been identified as a negative signaling
protein and tumor suppressor that regulates the cell cycle and
helps  prevent  uncontrolled cell  proliferation.  In  addition,  the
proteins  PIK3CA,  PIK3CB,  and  AKT2  are  involved  in  a
variety  of  cellular  processes  and  mutations  have  been
implicated  in  cancer  and  diabetes.

Table  6.  Distribution  of  essential,  signalling,  positive
signalling  and MAPK cascade,  in  cancer-related  proteins
within zone 2.

Cancer type Common Proteins E S P/S M

Breast
Prostate

Colorectal
Non small cell lung

Endomentrial
Pancreatic

Small cell lung

PIK3CB
PIK3CD
PIK3R3
PIK3R2
AKT2
AKT3

Abbreviations:  E  =  Essential,  S  =  Signalling,  M  =  MAPK  cascade,  P/S  =
Positive signalling.

CONCLUSION

This study focuses on investigating the importance of zone
2, the central zone of the human protein interaction network,
with  the  aim  of  identifying  common  proteins  expressed  in
different  cancers.  Our results  show that  the predominance of
signaling  and  essential  proteins  in  all  cancers  presents
promising targets for drug development. Consistent expression
of  proteins  such  as  BRAF  and  KRAS  in  most  cancers
underlines their importance in regulating cell proliferation, cell
division, and differentiation via the MAPK/ERK pathway. The
identification  of  tumor  suppressor  genes  such  as  PTEN  and
their various roles in regulating the cell cycle and preventing
uncontrolled  cell  proliferation  provides  potential  targets  for
cancer  therapy.  In  addition,  proteins  PIK3CA,  PIK3CB,  and
AKT2,  which  are  involved  in  various  cellular  processes,  are
associated  with  cancer  and  diabetes  when  mutated.  These

(Table 3) contd.....
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findings  reveal  the  importance  of  specific  proteins  in  cancer
progression and provide potential avenues for targeted therapy.
Further research and clinical studies are needed to explore the
therapeutic  potential  of  these  proteins  in  terms  of  cancer
therapy.
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