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ABSTRACT

structure

Colorectal Cancer (CRC) refers to cancer that develops from the colon or rectum (parts of the large intestine). Signs
and symptoms include blood in the stool, changes in bowel movements, weight loss, and fatigue. Since 1923, when
the disease was first named, survival rates have always been unsatisfactory. Despite great advances in molecular
biology and traditional treatment methods, many questions remain to be answered regarding cancer occurrence and
the underlying mechanism. Medical doctors remain stymied regarding tumor recurrence and worsening disease after
effective treatment. To better understand the relevant questions, in this study, 20 oncogenes and 20 anti-oncogenes
were examined in relation to protein structure, from protein structure analysis and dynamic analysis methods to 3D
structure analysis and systematic analysis of the structure—function relationships of proteins. We hope that these
analyses will help promote mechanistic research and the development of new treatments for CRC.
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INTRODUCTION

Colon and rectal cancer, also known as Colorectal Cancer (CRC),
arises from the cells lining the colon or rectum. It is the third most
common cancer wotrldwide and the second leading cause of cancer-
related deaths. It often begins as a noncancerous growth, called
a polyp, on the inner lining of the colon or rectum and can take
several years to develop into cancer [1]. The terms "colon cancer"
and "rectal cancer" were first coined by Dr. W. Ernest Miles in 1923.
Dr. Miles was a British surgeon who specialized in the treatment
of CRC and was among the pioneers in developing surgical
techniques to treat the disease [2]. According to the American
Cancer Society, the 5-year survival rates for CRC are as follows:
localized cancer: 91%, regional cancer: 72%, distant cancer: 14%
and all stages combined: 64%. The death rate of CRC has been
decreasing over the past few decades due to early detection and
improved treatments. In the United States, the age-adjusted death
rate for CRC was 14.2 per 100,000 people in 2020 [3].

To understand the mechanism and help develop the best treatment,
in addition to focusing on gene mutations [4] or biomarkers [5],
increasing research on prion proteins [6] indicates that protein
structure-function interactions are critical for life science research,
such as the elucidation of disease- or plantrelated mechanisms

[7]. NMR and Cryo-EM techniques have greatly facilitated such
research, further elucidating the interactions [8,9].

Cancer genes fall into two groups: unfavorable prognostic genes
and favorable prognostic genes. Relatively high expression levels
of unfavorable prognostic genes at diagnosis indicate significantly
lower overall survival for the patients. We prefer to call them
oncogenes. Relatively high expression levels of favorable prognostic
genes at diagnosis are associated with significantly higher overall
survival for patients. We call them anti-oncogenes.

The relationship between oncogenes and anti-oncogenes plays a
critical role in the development of cancer. Oncogenes promote the
development of cancer by stimulating uncontrolled cell growth,
while anti-oncogenes help regulate cell growth and prevent the
development of cancer. We are interested in the roles of oncogenes
and anti-oncogenes in the development of cancer and how targeted
therapies can be developed based on the understanding of these
genes [10].

Our group has examined 20 oncogenes and 20 anti-oncogenes.
First, we analyzed the protein structure in the two groups of proteins
in terms of the full length, a-helix length, and B-strand length and
examined how these two types of secondary structures contributed
to the full protein or sections thereof in terms of length percentage.
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The protein length refers to the number of amino acids in the full-
length protein or each type of secondary structure. Then molecular
dynamics methods were used to determine the protein folding rate,
folding trends at different stages, and protein chirality. We gave the
research name protein-structromics. We hope that these analyses
will help provide new ideas for cancer mechanism research and the
development of new treatments.

MATERIALS AND METHODS

Information collection for the two groups of proteins

Twenty genes were selected from each group, suitable proteins
without isoforms or variant types were found, and protein
information was collected [11].

Protein secondary structure prediction
We followed the Kelley methods for prediction [12].
Protein folding rate prediction

The Gromiha methods for testing were used to consider protein
characteristics and separate all o-helix and mixed types [13-16].

Protein folding trend prediction

We followed the Grau | and Joel Roca-Martinez methods [17,18].

Protein 3D folding

The best structures were chosen with assistance from AlphaFold

[19].
Basic protein information collection

Suitable protein GenBank IDs were selected and listed, and the
number of amino acids was collected as the protein length. With
the sequence information, we analyzed and obtained the folding
rate and the full length, a-helix length, and B-strand length of the
whole sequence, each as the arithmetic mean [11].

Moreover, we calculated the o-helix sectional length, o-helix%
sectional length, B-strand sectional length, and B-strand% sectional
length.

Whole protein sequence and sectional sequence analysis

First, we analyzed the full length of each of the two groups,
performed internal and between-group comparisons of the whole
a-helix length and B-strand length, o-helix sectional length, and
B-strand sectional length, and separated the full- length proteins
into four parts, each 1/4 of the whole length (Figure 1). The
normality test for each part showed that nearly every table has
some results with skewed distributions. Then, a nonparametric
test was performed, and the threshold for significant differences
was p<0.05. We found that the average full length of the favorable
group was significantly greater than that of the unfavorable group
(Table 1). For the fulllength structures, internal comparison of
the secondary structures of the two groups showed that in both
groups, the a-helix length was significantly longer than the B-strand
length; cross comparison showed that the favorable group had a
significantly longer average B-strand length than the unfavorable
group, while the amount of o-helix in the two groups showed no
significant difference (Table 2).
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Figure 1: Whole protein length separate principle.

Table 1: Two group lengths compare with non-parametric test.

Group Unfavorable Favorable
n 20 20
Mean 498.65 649.35
Std. Deviation 297 284.46
P value 0.035

Table 2: Two groups contend length compare with non-parametric test.

Internal group compare (a-helix length vs. b-strand length)

Group Unfavorable Favorable
P value <0.001 0.005
Two groups cross compare
Composition a-helix length b-strand length
P value 0.478 0.005
RESULTS

In the sectional comparison, we found that the groups did not have
significantly different internal averages.

Afterward, we rearranged the order based on increasing protein
length. The numbers under the X-axis in Figures 2A and 2B belong
to the original sequence in. By analyzing the folding rate trend
curves of the proteins in the two figures, we found that as the
protein length increased, the protein folding rates in both groups
gradually increased, but the favorable group had a higher value
than the unfavorable group (Figures 2A and 2B).

Then, we listed the folding rate with the secondary structure
sectional length percentage. The curves in the four figures show
that the two types of secondary structures in different sections
have some effects on the folding rate. Moreover, the figures show
that all o-helical proteins and all proteins containing both types
of secondary structure showed similar trends. As the folding rate
increased, the a-helix% in both groups increased, but the B-strand%
decreased (Figures 3A and 3B).

Five trends and 3D structure of proteins

For the two groups of proteins in the early stage, the backbone,
side chain, o-helix and B-strand trend dynamic curves and the 3D
structures are presented.

Considering the five trends and 3D structures of the two groups
of proteins, we separated the protein structures into five kinds:
packed, simple, middle, loose, and shaker (Table 3).
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Figure 2A: Proteins full length and protein folding rate relationship. Unfavorable group proteins length increases curve and protein folding rate
trends curve. Note: (==): Protein full length; ( ): Protein folding rate; ( ): Protein folding rate trend.
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Figure 2B: Proteins full length and protein folding rate relationship. Favorable group proteins length increases curve and protein folding rate trends
curve. Note: (==): Protein full length; ( ): Protein folding rate; ( ): Protein folding rate trend.
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Figure 3A: Protein folding trend and two 2™ structure analyses. Unfavorable group proteins two 2™ structures length increases curve and protein folding
rate trends curve. Note: ( ) a-helix%; ( ) b-strand%; (=) Protein folding rate; ( ) Helix%trend, ( ) Strand% trend.
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Table 3: Protein multi-structure analysis.

Group

Protein classify Unfavorable group

Favorable group

Number Protein name Number Protein name
POFUT2, CLK3, DPP7, EXOC314, NOLI11, ZYG11B, HSPAS, DLAT,
Packet 1 HSPA1A, PAQR6, DIPK1B, ARHGAP4, 9 SORTI1, ABCD3, NGLY1, PARS2,
DAPK1, ARLSA, RHBDD?2 PRPSAP1
Middle 4 EGFL7, CRACR2B, NPDCI1,INAFM 1 2 RBM3, HOOK1
Simple 2 HSH2D, SPAG4 2 CLCC1, CD274
Loose 2 LRCH4,ASB6 3 USP53, TEX2,DDX46
Shaker 1 CNPY3 4 FBXO7, AP3B1, PSMA5, GRSF1
Total 20 20
DISCUSSION average protein length than the unfavorable group (Table 1) [23].
Therefore, favorable group proteins might have more complex
The microenvironment of CRC is complex and involves structures and greater stability than unfavorable group proteins.
interactions between cancer cells, immune cells, stromal

cells, and the extracellular matrix. One of the key features of
this microenvironment is chronic inflammation, which can
Considering the
tumor environment, CRC is a genetically, anatomically, and
transcriptionally heterogeneous disease. The prognosis for a CRC
patient depends on the stage of the tumor at diagnosis and widely
differs accordingly. The Tumor Microenvironment (TME) in CRC
is an important factor affecting targeted cancer therapy. The TME
has a dynamic composition including various cell types, such as
cancer-associated  fibroblasts,

promote tumor growth and progression.

tumor-associated macrophages,
regulatory T cells, and myeloid-derived suppressor cells, as well as
extracellular factors that surround cancer cells and have functional
and structural and pathological
conditions [20].

roles under physiological

The process of CRC development displays the roles of oncogenes
against anti-oncogenes. David clearly shows the balance and
highlights the importance of maintaining balance between these
genes in preventing the development of cancer [21]. Considering
the complexity of the cancer development mechanism and the
need to develop new treatment methods, based on information on
the wild-type P53 protein misfolding and cytosolic localization are
contributing to its inactivation in myeloid Leukemia [22], this paper
focuses on protein multilevel structural characteristics to better
understand oncogene and anti-oncogene structural characteristics.

We found that the favorable group had a significantly longer
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Internal comparison of the lengths of the two types of secondary
structure at the whole sequence level showed that the o-helix
length was significantly greater than the P-strand length, but
cross comparison showed that the favorable group had a greater
B-strand length than the unfavorable group, but the two groups
had no difference in orhelix lengths. Those differences may affect
protein folding. Moreover, we found that no significant differences
in the two types of secondary structures at the sectional level. Both
types of secondary structure are important for keeping the protein
stable. During protein folding, the formation of the a-helix is a key
step in the establishment of the protein's tertiary structure. The
o-helices can serve as structural elements that help to organize the
overall shape of the protein, providing stability and rigidity to the
structure. Additionally, a-helices can participate in protein-protein
interactions, which are important for many biological processes
[24]. The formation of the B-strand is also important for protein
folding and helps to stabilize the protein's tertiary structure. The
B-strand can also participate in the formation of larger structural
elements, such as B-barrels, which are found in many membrane
proteins [25]. Comparing the two types of secondary structures and
sectional content of the two groups showed that the unfavorable
group proteins have a more complex structure, which would make
the unfavorable group proteins more stable than the favorable
group proteins, promoting cancer development. The protein length
and content comparison results seem to be inconsistent.

Therefore, we need more evidence to explain the situation.

4
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Combining protein lengths, percentages of the two types of
protein secondary structure, and protein folding rates together, an
interesting variety of relationships were revealed: first, according
to the arithmetic mean folding rate of the favorable group is
faster than that of the unfavorable group; second, the two groups
have similar total a-helix lengths, but the favorable group has a
longer total B-strand length than the unfavorable group (Table 2);
third, considering the relationship between protein length and
protein folding rate, as the full length of the proteins increases,
the folding rate of the unfavorable group remains steady, but that
of the favorable group increases (Figures 2A and 2B); and fourth,
when we examined the folding rates and the full-length percentage
and sectional percentages of the two types of secondary structure
together, the results all indicated that both secondary structure
percentages abide by the same principles as the combination of
full length and folding rate, as the amount of secondary structure
in the unfavorable group show only a small increasing trend with
total length, while the favorable group shows an increasing trend
(Figures 3A and 3B). All of these results indicate that the analysis
results of the protein length, protein content, and protein folding
rate in the two groups of proteins were quite complex, and we were
unable to reach consistent conclusions. Therefore, we believe that
combining dynamic factors with a 3D structure could be greatly
helpful in deep data mining.

We obtained statistical folding trends for approximately 40
proteins, including the early stage, final backbones, side chains,
a-helix length, and B-strand length, assisted by 3D structures. In
a multilevel comparison, all 40 proteins fall into five categories
as follows. First, some proteins show peaks in the early stage and
backbone trends are evenly distributed over the entire sequence; side
chain conformations tend to display two chiralities kept in balance;
o-helices and B-strands show uniform structure distributions; and
the 3D structures are quite complex, with a central core surrounded
by subcore structures or many cores interacting; these proteins also
tend to show evenly distributed cis and trans side chain structure.
We call these packet proteins. Second, short proteins, most under
100 aa, show a degree of early-stage peak concentration and
ultimately show concentrated peaks in parts of the whole sequence.
The two kinds of secondary structures show a similar behavior,
and the protein may have one or more simple functional cores.
The distribution of protein side chains tends toward either cis or
trans, which in turn affects the distribution and trends of the two
types of secondary structure. We call this kind of protein is simple.
Third, some proteins exhibit trends and 3D structure complexity
between those of packet and simple proteins, and we have named
this type middle. Fourth, Early-stage peaks and backbone trends
are clustered at certain positions in the full sequence; the whole
protein contains more than one central core structure; backbone
trends show some high peaks, while other nearby peaks are lower;
and the two types of secondary structure show their highest peaks
at the same amino acid site or close together. The central cores
are close but not like the packet proteins, and each core remains
independent. We call this type of protein loose. Fifth, some
proteins have one or more strong core structures, even backbone
trend distributions, and balanced side chain chirality; however, the
central cores are not protected by subcores but surrounded by small
structures or even with random coil. The tertiary structures of such
proteins are easily affected by changes in the environment, and we
named this type shaker. Because the packet protein has a central
core protected by many subcores, the side chains show balanced
chiralities, the a-helix and Pstrand show uniform structural
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distributions, and the 3D structures are quite complex, packet-type
proteins consistently maintain their function. However, the other
four kinds are not protected and easily undergo structural changes
in response to changes in environmental factors, such as ions,
temperature, and pH. The folding rate of the unfavorable group
tended to increase with increasing protein length in Figures 2A
and 2B, and the unfavorable group contained more packet proteins
than the favorable group (Table 3). Therefore, unfavorable group
proteins were better protected than favorable group proteins.

The treatment of CRC depends on several factors, including the
stage of the cancer, the location and size of the tumor, and the
patient's overall health. Treatment options may include surgery,
radiation therapy, chemotherapy, and targeted therapy.

To better understand CRC development, traditional research
has focused on protein mutations, such as KRAS, NRAS and
BRAF mutations [26], and on DNA or RNA sequencing analysis.
We believe that including DNA and RNA mutations, isoform
appearance, and variant new versions will contribute to translating
genotype into phenotype, and changes in status should be shown
after related proteins are activated. In addition to research on the
two kinds of nucleic acid, protein structure also needs to be a focus,
as diseases can be caused by changes in protein structure that affect
the ability of the protein to bind other molecules and carry out its
function or by conformational changes that affect protein solubility
and degradability. In amyloidosis/AL, immunoglobulin chains
form an insoluble protein aggregate called amyloid in organs and
tissues [27].

Surgery, radiation, and drugs can change our cell microenvironment.
Surgery can alter the human TME, as can radioactivity [28-30].
Drugs can also change the TME, even leading to drug resistance

[31,32].

The 40 proteins we examined in colon and rectum cells showed
no isoforms and no mutations. While health was maintained, the
protein expression of the two groups remained balanced; however,
the unfavorable group proteins had a higher folding rate than the
favorable group proteins, and the unfavorable group contained more
packet-type proteins. Therefore, when tumors occur, the balance is
broken, and the unfavorable group retains more functional proteins
than the favorable group; at the same time, as disease alters aspects
of our cell microenvironment, such as ion concentration and pH,
the favorable group proteins lose their functions more easily than
the unfavorable group. Interestingly, when we treat patients with
surgery, radioactivity, and medicines, these treatments also change
our cell microenvironment, which may lead to indiscriminate
harm. Initially, treatment seemed to control patient illness and the
effects on both groups of proteins damaged by microenvironmental
changes, including packettype proteins. Later, with the changing
situation, the more favorable group lost more functions than the
unfavorable group, and as shown in Figure 2A, we observed more
unfavorable group packettype protein folding, but the favorable
group did not maintain folding as well. At this time, the balance of
the two groups was broken again.

CONCLUSION

The patient's condition deteriorated again, and even with more
treatments, the microenvironment worsened, depressing the anti-
oncogene-related protein functionfolding and breaking the ones
that remained functional. If we consider isoforms and mutations,
the situation may become worse. Therefore, my suggestion is that
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in conjunction with treatment methods, we should adjust the
microenvironment at the same time and even test the level of
activity of favorable proteins, seek to promote the positive balance
of the two groups, and support the correct folding of anti-oncogene-
related proteins for activation after expression.
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