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Abstract

The p27Kipl is a cell cycle repressor protein that regulates primarily the cell
cycle transition from G1 to S phase and hence the DNA replication is in the S
phase and cell division in the M phase. Expression of p27Kipl protein has
dual roles for both cancer prevention and promotion. For example, numerous
nutritional and chemopreventive anti-cancer agents specifically increase the
expression of p27Kip1 protein without directly affecting the expression of any
other cell cycle regulatory proteins. On the other hand, pro-cancer agents (like
glucose, insulin and other growth factors frequently seen in obesity and/or
diabetes) specifically decrease the expression of p27Kipl protein without di-
rectly affecting the expression of any other cell cycle regulatory proteins. Un-
like expression of any other cell cycle regulatory proteins, expression of
p27Kipl protein is very unusual. The mRNA of p27Kipl has a very long and
unusual 5-untranslated region (from —575 to —1 in human). It appears that
the 5’-untranslated region of p27Kipl mRNA forms two alternative secondary
structures. One increases the expression of p27Kip1l protein when anti-cancer
agents are added and another decrease the expression of p27Klpl when
pro-cancer agents are added. For this short concept proposal, Dr. Albert
Einstein’s “visualized thought experiments (German: Gedanken experiment)”
were used as a fundamental tool for understanding how either anti- or
pro-cancer agents bring the primary structure of the 5-untranslated region of
p27Kipl mRNA into two alternative secondary structures, thereby either in-
creasing or decreasing, respectively, the translation initiation of p27Kipl pro-
tein.
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1. Very Long and Unusual Primary Structure of
5’-Untranslated Region of p27Kip1 mRNA

1.1. Function of p27Kip1 Protein in the Cell Cycle (Figure 1)

p27Kipl is a cell cycle repressor protein with molecular mass of approximately
27 kDa. During the cell cycle, p27Kipl primarily regulates the G1-to-S phase
transition. When the expression of p27Kipl protein is up-regulated, G1-to-S
phase transition of the cell cycle, DNA replication in the S phase and cell divi-
sion in the M phase are all repressed. This is how numerous nutritional and
chemopreventive agents decrease the risk of developing cancer [1] [2] [3] [4]
(for further references about p27Kip1 in general, see the Introduction sections of
the reference Nos. [1] [2] [3] [4] [5]).

On the other hand, when the expression of p27Kipl protein is down-regulated,
G1-to-S phase transition of the cell cycle, DNA replication in the S phase and
cell division in the M phase are all un-repressed. This is how several pro-cancer
agents, including glucose, insulin, other growth factors and certain amino acids
frequently seen in obesity and/or diabetes increase the risk of developing cancer
(1] [2] [3] [4] [5].

Anti- or pro-cancer agents specifically either increase or decrease, respective-

ly, the risk of developing cancer without directly affecting the expression of any

p27Kip1: A Cell Cycle Repressor Protein

(€]

| B

Cell
Division

G1 /Cycl;\

Cdk 2

DNA Replication

Figure 1. Function of p27Kip1 protein in the cell cycle.
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other cell cycle regulatory proteins including p21Cip1/Wafl [1].

1.2. Primary Structure of 5’-Untranslated Region of p27Kip1
mRNA (Figure 2)

Unlike expression of any other cells cycle regulatory proteins, the expression of
p27Kipl protein is very unusual. The mRNA of p27Kipl has a very long
5’-untranslated region (5’-UTR) (from —575 to —1 in human) [2]. This very long
5-UTR of p27Kipl mRNA is the key to gain understanding of the basic molecu-
lar mechanisms of how either 1) anti-cancer agents decrease the risk of develop-
ing cancer or 2) pro-cancer agents increase the risk of developing cancer.

The primary structure of the 5-UTR of human p27Kipl mRNA is shown in
Figure 2. It contains three distinct elements [2]:

a) The first element is the five-prime cap (5’-cap) located at -575. The 5’-cap is
7-methylguanylated. So, it is usually abbreviated as 7-methylguanylated 5’-cap
(m7G-5’-cap). One of the general functions of m7G-5’-cap is to protect mRNA
from degradation.

b) The second element is the upstream open reading frame (uORF) located
from —521 to —432 in human. The uORF is very different from the main
p27Kipl ORF beginning at +1. The sequence of the uORF resembles that of
mini-mRNA embedded in the unusually long 5’-untranslated region (5-UTR) of
p27Kipl mRNA. It contains AUG codon on the extreme 5-side beginning at
—521 and UAAAAAAA on the extreme 3’-side beginning at —432. In between
these two sequences, it contains codons for 29 amino acid residues.

¢) The third element is the internal ribosome entry site (IRES). It is placed
centered around the polypyrimidine tract (from —66 to —41 in human). This
is the site where 40S ribosome attaches and begins scanning towards the
5’-AUG of the main p27Kipl ORF when m7G-5’-cap at the —575 is compro-

mised.

| Human p27 5’-UTR (-575 - -1): An Overview
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Figure 2. Primary structure of 5’-untranslated region of p27Kipl mRNA.
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2. Effect of Anti-Cancer Agents on the Secondary Structure of
5’-Untranslated Region of p27Kip1 mRNA

2.1. Effect of Anti-Cancer Agents on the Expression of p27Kip1
Protein (Figure 3)

The main objective of this section is to describe how anti-cancer agents increase
the translation initiation of p27Kipl protein by forming a particular secondary
structure of the 5-untranslated region of p27Kipl mRNA. This is described in
the section immediately following this section.

Here in the present section, several relevant scientific findings will be summa-
rized regarding the effect of how anti-cancer agents increase the translation init-
iation of p27Kip1 protein.

1) Numerous nutritional and chemopreventive anti-cancer agents increase the
expression of p27Kipl protein in several established cell lines in vitro [1].

2) Anti-cancer agents specifically Increase the expression of p27Kipl protein
without directly affecting the expression of any other cell cycle regulatory pro-
teins including p21Cip1/Wafl. This observation could not be made using west-
ern immunoblot analysis of various cell cycle regulatory proteins. It could only
be made by using luciferase reporter plasmid constructs of proximal 5’-region of
the DNA of various cell cycle regulatory proteins [1] [2].

3) Anti-cancer agents increase the expression of p27Kip1 protein primarily at
the level of translation, not at the level of transcription [1] [2].

4) Anti-cancer agents increase the relative luciferase activity of the luciferase
reporter plasmid constructs of the 5’-untranslated region of p27Kipl DNA. The
5’-untranslated region of p27Kipl DNA does not contain any cryptic transcrip-
tion factors. This has been established primarily by adding actinomycin D, a
transcriptional inhibitor, in the luciferase assay of the 5’-untranslated region of
p27Kipl DNA [2].
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Figure 3. Effect of anti-cancer agents on the expression of p27Kipl protein.
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2.2. Effect of Anti-Cancer Agents on the Secondary Structure of
5-Untranslated Region of p27Kip1 mRNA (Figure 4)

At this point, Dr. Albert Einstein’s “visualized thought experiments (German:
Gedanken experiment)” will be used as a fundamental tool for understanding
how anti-cancer agents modify the primary structure of the 5’-untranslated re-
gion of p27Kipl mRNA into secondary structure, thereby increasing the transla-
tion initiation of p27Kip1 protein.

The results of the visualized thought experiments suggest that:

1) Step 1—Anti-cancer agents compromise the m7G-5’-cap of the 5-untranslated
region (5-UTR) of p27Kipl mRNA at —575. Every pathway leading from anti-cancer
agents to 5-untranslated region of p27Kipl mRNA involves a metabolic step
that compromises the m7G-5"-cap [1] [2] [3] [4] [5].

2) Step 2—Step 1 makes the 40S ribosome bypass the upstream open reading
frame (UORF).

3) Step 3—In the absence of uORF, 40S ribosome binds to the downstream
internal ribosome entry site (IRES).

4) Step 4—Subsequently, 40S ribosome scans the remainder of the 5’-untranslated
region (5-UTR) of p27Kipl mRNA until it encounters the UAG codon of the
main p27Kipl ORF at the position +1, thereby up-regulating the translation in-
itiation of p27Kip1 protein.

3. Effect of Pro-Cancer Agents on the Secondary Structure of
5’-Untranslated Region of p27Kip1 mRNA

3.1. Effect of Pro-Cancer Agents on the Expression of p27Kip1
Protein (Figure 5)

The main objective of this section is to describe how pro-cancer agents (not

Cap-Independent Translation Initiation of p27Kip1 mRNA

| 5'-Untranslated Region (5'UTR) of p27Kipl mRNA |

CAnti-Cancer Agents <
Cancer

Prevention

p27 Proteil G

Normal
Controls

Internal Ribosome Entry Site

Figure 4. Effect of anti-cancer agents on the secondary structure of 5-untranslated region
of p27Kipl mRNA.
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Figure 5. Effect of pro-cancer agents on the expression of p27Kip1 protein.

anti-cancer agents) decrease (not increase) the translation initiation of p27Kipl
protein by forming an alternative secondary structure of the 5’-untranslated re-
gion (5-UTR) of p27Kipl mRNA. The most likely mechanism is presented in
the section immediately following this section.

Here in the present section, several relevant scientific findings will be summa-
rized regarding the effect of how pro-cancer agents decrease the translation init-
iation of p27Kip1 protein.

1) Almost all scientific findings described above for the anti-cancer agents are
applicable to the pro-cancer agents with the following one major technical dif-
ference [1] [2] [3] [4].

2) The technical difference between the pro-cancer agents and anti-cancer
agents derives primarily from the different chemical structures and origins of
these two types of agents. More specifically speaking, all of the anti-cancer
agents identified so far have turned out to be foreign to our body, whereas, the
pro-cancer agents identified so far have turned out to be native to our body.
Thus, the fundamental technical difficulties of identifying pro-cancer agents de-
rive from the fact that they are native to our body. For example, glucose in the
established cell lines in vitro could be identified as a pro-cancer agent only by
using luciferase reporter plasmid constructs of the 5’-untranslated region
(5-UTR) of p27Kipl mRNA [1] [2]. Whereas, glucose could be readily identified
as a pro-cancer agent in the peripheral blood mononuclear cells (PBMC) ob-
tained from obese, type 2 diabetic patients by performing western immunoblot

analysis of the p27Kip1 protein in these cells [5].

3.2. Effect of Pro-Cancer Agents on the Secondary Structure of
5-Untranslated Region of p27Kip1 mRNA (Figure 6)

The visualized thought experiments described above will be used again as a
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Figure 6. Effect of pro-cancer agents on the secondary structure of 5-untranslated region
of p27Kipl mRNA.

fundamental tool for understanding how pro-cancer agents modify the primary
structure of the 5-untranslated region of p27Kipl mRNA into an alternative
secondary structure, thereby decreasing the translation initiation of p27Kipl
protein.

The results of these experiments are presented below:

1) Step 1—Pro-cancer agents do not compromise the m7G-5-cap of the
5’-untranslated region (5-UTR) of p27Kipl mRNA at —575.

2) Step 2—Step 1 makes the 40S ribosome scan the 5-untranslated region
(5°-UTR) of p27Kipl mRNA until it encounters the UAG codon of the intact
upstream open reading frame (uORF) (not the UAG codon of the main p27Kipl
OREF at the position +1).

3) Step 3—Once 40S ribosome encounters the UAG codon of the intact uORF,
60S ribosome is recruited to the UAG codon and starts translating 29 amino acid
codons into 29 amino acid residues.

4) Step 4—After the Step 3, 40S-60S ribosome complex on the uORF encoun-
ters the terminating codon and poly-A at the 3’-end of uORF. This results in
both 40S and 60S ribosomes detach from the uORF and separated.

5) Step 5—As a result of the 40S ribosome detaching from the uOREF, it could
never scan and reach the UAG codon of the main p27Kipl ORF at the position
+1. This down-regulates the translation initiation of p27Kipl protein.

4. Conclusions

Unlike all other cell cycle regulatory proteins, p27Kip1 protein is uniquely suited
to handle either anti- or pro-cancer agents for the following two reasons. 1) Ei-
ther anti- or pro-cancer agents specifically increase or decrease the expression of
only p27Kiplprotein, no other cell cycle regulatory proteins. 2) The mRNA of
p27Kipl is the only cell cycle regulatory protein that has a long, unusual
5’-untranslated region that could handle either stimulation or inhibition of the

translation initiation of p27Kip1l protein, no mRNAs of all other cell cycle regu-
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latory proteins.

The structure of this long, unusual 5’-untranslated region of p27Kipl mRNA
is unfortunately rather complex. So, we do not know for sure how this
5’-untranslated region of p27Kipl mRNA could stimulate or inhibit the transla-
tion initiation of p27Kip1 protein.

The short concept proposal presented in this manuscript is intended to pro-
vide the reader with fairly useful and clear guidance as to how the actual experi-

ments should be conducted.
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5’-cap: five-prime cap;

5’-UTR: 5’-untranslated region;

IRES: internal ribosome entry site;

m7G-5’-cap: 7-methylguanylated five-prime cap;
mRNA: messenger RNA;

OREF: open reading frame;

UAG codon: translation initiation codon;

uORE: upstream open reading frame.
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