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I. The misconception 
The current view holds that viral proteins are the sole mediators of viral effects on the 
host cell.  In simple terms, “no viral protein, no effect.”  No protein, or almost no protein, 
is a characteristic of a latent viral infection.  Therefore, the current view holds that a 
latent viral infection is mostly harmless.  This report presents the discovery of a “protein-
independent” effect of viral DNA on cellular gene expression.  The report shows that, 
under certain conditions, competition between viral and cellular DNA can disrupt the 
transcription of cellular genes, which, in turn, can lead to reduced cell differentiation and 
excessive cell proliferation.  Moreover, the report also shows that the protein-
independent effect can explain the abnormal transcription of many genes in cancer, 
specifically, the reduced transcription of BRCA1 and Fas.   

II. The discovery 

A. Background 

1. GABP binds many cellular genes 
The transcription factor GA Binding Protein, or GABP (also called Nuclear Respiratory 
Factor 2 (NRF-2)1, E4 Transcription factor 1 (E4TF1)1 and Enhancer Factor 1A (EF-
1A)2) binds the promoter and enhancers of many cellular genes, including BRCA1 (Atlas 
20002), Fas (Li 19993), interleukin 16 (IL-16) (Bannert 19994), interleukin 2 (IL-2) 
(Avots 19975), interleukin 2 receptor β-chain (IL-2Rβ) (Lin 19936), IL-2 receptor γ-chain 
(IL-2 γc) (Markiewicz 19967), human secretory interleukin-1 receptor antagonist 
(secretory IL-1ra) (Smith 19988), retinoblastoma (Rb) (Sowa 19979), human 
thrombopoietin (TPO) (Kamura 199710), aldose reductase (Wang 199311), neutrophil 
elastase (NE) (Nuchprayoon 199912, Nuchprayoon 199713), folate binding protein (FBP) 
(Sadasivan 199414), cytochrome c oxidase subunit Vb (COXVb) (Basu 199315, Sucharov 
199516), cytochrome c oxidase subunit IV (Carter 199417, Carter 199218), mitochondrial 
transcription factor A (mtTFA) (Virbasius 199419), β subunit of the FoF1 ATP synthase 
(ATPsynβ) (Villena 199820), prolactin (PRL) (Ouyang 199621) and the oxytocin receptor 
(OTR) (Hoare 199922) among others.  For some of these genes, for instance, CD18, 
COXVb, COXIV, GABP binds to the promoter while for others, for example IL-2 and 
ATPsynβ, GABP binds an enhancer. 

2. Viral DNA also binds GABP 
The N-box, the DNA box which binds GABP, is the core binding sequence of many viral 
enhancers, including the polyomavirus enhancer area 3 (PEA3) (Asano 199023), 
adenovirus E1A enhancer (Higashino 199324), Rous Sarcoma Virus (RSV) enhancer 
(Laimins 198425), Herpes Simplex Virus 1 (HSV-1) (in the promoter of the immediate 
early gene ICP4) (LaMarco 198926, Douville 199527), Cytomegalovirus (CMV) (IE-1 

                                                 
1 Nuclear Respiratory Factor 2 should not be confused with NF-E2 Related Factor 2 which is also 
abbreviated NRF2 or NRF-2. 
2 Enhancer Factor 1A should not be confused with Elongation Factor 1A which is also abbreviated EF-1A. 
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enhancer/promoter region) (Boshart 198528), Moloney Murine Leukemia Virus (Mo-
MuLV) enhancer (Gunther 199429), Human Immunodeficiency Virus (HIV) (the two NF-
κB binding motifs in the HIV LTR) (Flory 199630), Epstein-Barr virus (EBV) (20 copies 
of the N-box in the +7421/+8042 oriP/enhancer) (Rawlins 198531) and Human T-cell 
lymphotropic virus (HTLV) (8 N-boxes in the enhancer (Mauclere 199532) and one N-
box in the LTR (Kornfeld 198733)).  Note that some viral enhancers, for example SV40, 
lack a precise N-box but still bind the GABP transcription factor (Bannert 1999, ibid). 
 
Ample evidence exists supporting binding of GABP to the N-boxes in these viral 
enhancers.  For instance, Flory 1996 (ibid) shows binding of GABP to the HIV LTR, 
Douville 1995 (ibid) shows binding of GABP to the promoter of ICP4 of HSV-1, Bruder 
199134 and Bruder 198935 show binding of GABP to the adenovirus E1A enhancer 
element I, Ostapchuk 198636 shows binding of GABP (called EF-1A in the paper) to the 
polyomavirus enhancer, and Gunther 1994 (ibid) shows binding of GABP to Mo-MuLV.  
Other studies demonstrate competition between the above viral enhancers and enhancers 
of other viruses.  For instance, Scholer and Gruss (198437) show competition between the 
Moloney Sarcoma Virus (MSV) enhancer and SV40 enhancer, and competition between 
the RSV enhancer and the BK virus enhancer. 

3. The GABP•p300/cbp transcription complex is limiting 
The coactivator p300 is a 2,414-amino acid protein initially identified as a binding target 
of the E1A oncoprotein.  cbp is a 2,441-amino acid protein initially identified as a 
transcriptional activator bound to phosphorylated cAMP response element (CREB) 
binding protein (hence, cbp).  p300 and cbp share 91% sequence identity and are 
functionally equivalent.  Both p300 and cbp are members of a family of proteins 
collectively referred to as p300/cbp.   
 
Although p300/cbp are widely expressed, their cellular availability is limited.  Several 
studies demonstrated inhibited activation of certain transcription factors resulting from 
competitive binding of p300/cbp to other cellular or viral proteins.  For example, 
competitive binding of p300, or cbp, to the glucocorticoid receptor (GR), or the retinoic 
acid receptor (RAR), inhibited activation of a promoter dependent on the AP-1 
transcription factor (Kamei 199638).  Competitive binding of cbp to STAT1α inhibited 
activation of a promoter dependent on both the AP-1 and ets transcription factors (Horvai 
199739).  Competitive binding of p300 to STAT2 inhibited activation of a promoter 
dependent on the NF-κB RelA transcription factor (Hottiger 199840).  Other studies also 
demonstrated limited availability of p300/cbp, see, for instance, Pise-Masison 200141, 
Banas 200142, Wang 200143, Ernst 200144, Yuan 200145, Ghosh 200146, Li 200047, 
Nagarajan 200048, Speir 200049, Chen 200050, and Werner 200051. 
 
GABP binds p300/cbp (Bannert 1999, ibid).  Since p300/cbp is limiting, the transcription 
complex GABP•p300/cbp is also limiting. 
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B. Microcompetition 
Consider a persistent latent infection with a virus that binds GABP•p300/cbp (see list of 
viruses above).  Can such an infection disrupt the transcription of a cellular gene? 
 
Take BRCA1 for example.  BRCA1 binds GABP•p300/cbp.  Binding of 
GABP•p300/cbp transactivates the gene and increases the concentration of the BRCA1 
protein in the cell (see above).  GABP•p300/cbp is limiting (see above).  By binding 
GABP•p300/cbp, the virus decreases availability of the complex to the BRCA1 
promoter, which decreases binding of GABP•p300/cbp to the promoter.  The result is a 
decrease in BRCA1 transcription. 
 
Competition between a viral N-box and the promoter/enhancer of a cellular GABP 
regulated gene results in disrupted transcription of the cellular gene.  If GABP•p300/cbp 
stimulates transcription of the cellular gene, competition with the viral N-box inhibits 
transcription.  If the complex suppresses transcription, the competition stimulates 
transcription.   
 
Consider the effect of an increase in the copy number of the viral N-boxes in the nucleus.  
The increase further decreases availability of the GABP•p300/cbp complex to the 
cellular gene, which further decreases, or increases, transcription depending on the effect 
of GABP•p300/cbp on transcription. 
 
Terminology: 
1. A virus that binds GABP•p300/cbp is called a GABP virus. 
2. Competition between two polynucleotides for the same transcription factor is called 
microcompetition. 
3. A polynucleotide that binds GABP•p300/cbp is called an N-box.  For instance, the 
polynucleotide AGGAAG binds GABP•p300/cbp. 
 
Notations: 
Let “↑,” “↓” denote increase and decrease, respectively. 
Let “→” denote “leads to.” 
Let “g” denote a cellular GABP•p300/cbp stimulated gene. 
Let “[N-boxV]” denote the copy number of a viral N-box in a cell. 
 
The effect of the copy number of a viral N-box in a cell on g transcription can be 
presented symbolically as follows (assume that g is a GABP•p300 stimulated gene): 
 

↑[N-box ] → ↓[mRNA ] V g

 
Note that the same reasoning holds for every limiting transcription complex that binds 
both viral and cellular, or foreign and natural DNA. 
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III. Predictions and observations 
To test the concept of microcompetition, the following sections present logical 
conclusions that describe the predicted effects of microcompetition with a viral 
polynucleotide on cellular gene transcription and cell function.  The logical predictions 
are compared to observations reported in the literature.  In all cases, the observations are 
consistent with the predicted effects, and therefore, validate the new concept. 
 
All studies in the following section used the same experimental design.  The study 
objective was to test the effect of a certain gene, viral or cellular, on cell function.  To 
perform the test, the studies inserted the gene of interest into a standard plasmid and then 
transfected the “test gene” plasmid into certain cells.  As a control, the studies used cells 
transfected with the “empty” vector, that is, the standard plasmid without the gene of 
interest, or non-transfected, “wild-type” cells. 
 
It is interesting that all studies compared, as expected, the test gene transfected cells to 
the empty vector transfected cells and to the wild-type cells.  However, no study 
compared the empty vector transfected cells to the wild-type cells.  See figure 1. 
 
 

“Wild-type”
non-transfected cells

“Empty” vector 
transfected cells

Test gene 
transfected cells

NO

YES YES

 
Figure 1: The experimental design of the cited studies 

 
 

A. Cherington 1988 
A study (Cherington 198852) inserted the wild-type early region of SV40, which 
expresses the SV40 large T antigen, into the pZIP-Neo plasmid (the test gene plasmid).  
The study transfected 3T3-F442A preadipocytes with either the test gene or the “empty” 
pZIP-neo plasmid.  Some cells were not transfected (wild-type, WT) (note that, in the 
paper, the test gene plasmid, and not a non-transfected cell, is labeled “wild-type”).  
Accumulation of triglyceride, assayed by oil red staining, was used as a marker of 
differentiation.  Seven days post confluence, the study recorded the staining of cells.   
 
pZIP-neo expresses the neomycin-resistance gene under control of the Moloney murine 
leukemia virus long terminal repeat (LTR) (Cepko 198453).  The LTR binds GABP (see 
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above).  Rb is a GABP stimulated gene (see above).  Assume that a decrease in Rb 

 

ith the “empty” vector, pZIP-neo, should reduce accumulation of 
iglycerides relative to non-transfected cells.  ([triglyceride] denotes the concentration of 

onsider figure 2 (based on Cherington 1988, Fig 4 A, B and C).  Darker staining 

expression reduces cellular differentiation.  According to microcompetition: 
 
↑[pZIP-Neo] → ↓[N-boxRb•GABP•p300/cbp] → ↓[mRNARb] → ↓[triglyceride]
 
Transfection w
tr
triglycerides.) 
 
C
indicates increased differentiation.   
 

 
F  
cells transfected with pZIP  cells transfected with the 
test gene plasmid.  (Reproduced with permission granted by the American Society for Microbiology, 

 antigen, 
 

vector, also reduced 
differentiation.  Compare triglyceride staining in B relative to A and C.  The results are 
consistent with the predicted effect of microcompetition. 

r 

th 
ction, the study cultured 

e cells under differentiation inducing conditions, and measured glycerophosphate 

o 
ia 

o 1984, ibid).  Both the LTRs bind 

igure 2: Adipocyte differentiation in (A) non-transfected F442A cells (WT control), (B)
-neo (“empty” vector control), (C)

and by the author, Dr. Van Cherington). 
 

Transfection with the test gene plasmid, the vector expressing the SV40 large T
reduced differentiation, compare triglyceride staining in C and A.  Transfection with the
“empty” vector, although less effective than the test gene 

B. Higgins 1996 
A study (Higgins 199654) transfected murine 3T3-L1 preadipocytes with PVU0, a vecto
that carries an intact early region of the SV40 genome, which includes the SV40 large 
and small tumor antigens (the test gene plasmid).  The cells were also transfected wi
HSV-neo, or pZIP-neo, as “empty” controls.  Following transfe
th
dehydrogenase (GPD) activity as a marker of differentiation.   
 
HSV-neo is a plasmid that expresses the neomycin-resistance gene under control of the 
murine Harvey sarcoma virus long terminal repeat (LTR) (Armelin 198455).  pZIP-ne
expresses the neomycin-resistance gene under control of the Moloney murine leukem
virus (MMLV) long terminal repeat (LTR) (Cepk
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GABP (see above).  Assume that a decrease in mRNARb reduces both cell arrest and 

PD] 

on with the “empty” vectors, HSV-neo or pZIP-neo, should reduce cell 
ifferentiation relative to non-transfected cells (WT control) ([GPD] denotes GPD 

he results are presented in table 1 (Higgins 1996, ibid, Table 1, first four lines). 
 
 

  line 
(U/mg of protein) 

differentiation.  According to microcompetition: 
 
↑[HSV-neo] OR ↑[pZIP-neo] → ↓[N-boxRb•GABP•p300] → ↓[mRNARb] → ↓[G
 
Transfecti
d
activity.) 
 
T

Vector Cell GPD activity 

None 
(WT control) 

L1 2,063    1,599 

HSV-neo 
(“empty” vector control A) 

L1-HNeo 1,519    1,133 
 

pZIP-neo 
ctor control B) 

1,155    1,123 
 (“empty” ve

L1-ZNeo 

PVU0 
(test gene) 

L1-PVU0 47          25 

P value 
(EV-HSV vs. WT) 

 0.118 

P value 
(EV-ZIP vs. WT) 

 0.103 

Table 1 
 
Transfection with PVU0, which expresses the large and small T antigens, resulted in a 
statistically significant decrease in GPD activity.  Transfection of the “empty” vectors, 
HSV-neo and ZIP-neo, although less effective than PVU0, also reduced GPD activity.  In 
a t-test, assuming unequal variances, the p-value for the difference between the HSV-neo 
vector and no vector is 0.118, and the p-value for the difference between ZIP-neo 
vector is 0.103.  Given that the sample includes only two observations, a p-va
10% for vectors carrying two different LTRs indicates a trend.  The observations 

and no 
lue around 

demonstrate the effect of the “empty” vectors HSV-neo and Zip-Neo on cell 
differentiation.  The results are consistent with the predicted effect of microcompetition. 

 
ol 

neo does not include the β-actin promoter and Rb gene, the study considered the pSV40-

C. Awazu 1998 
A study (Awazu 199856) transfected HuH-7 human hepatoma cells with pBARB, a 
plasmid that expresses the Rb gene under the control of the β-actin promoter (hence, the
BA RB in the name), and expresses the neomycin-resistance (neo) gene under the contr
of the simian virus (SV40) promoter.  The study also transfected cells with the pSV40-
neo plasmid, which only includes the SV40 promoter and the neo gene.  Since pSV40-
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neo plasmid as “empty” and used it as a control.  The cells were incubated in IS-RPM
with or w

I, 
ithout 5% FBS, and the number of viable cells was counted at the indicated 

mes.   

 SV40 promoter that binds GABP•p300/cbp.  Therefore, 
ccording to microcompetition: 

[pSV40-neo] → ↓[N-boxRb•GABP•p300/cbp] → ↓[mRNARb] → ↑[Cell] 

ompared to non-transfected cells (WT), that is, it should induce cell proliferation.  

azu 1998, ibid, Fig 2A).  The SD 
 about the size of the triangular/rectangular symbols. 

 

ti
 
The “empty” vector includes the
a
 
↑
 
Transfection with the “empty” vector should increase the number of viable cells 
c
 
Figures 3A and 3B summarize the results (based on Aw
is
 

5% FBS IS-RPMI
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Serum-free IS-RPMI
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Figure 3: Growth of non-transfected cells, cells transfected with the pSV-Neo “empty” 
vector, and cells transfected with pBARB, the test gene plasmid.  (A) Cells incubated in 

IS-RPMI with 5% FBS.  (B) Cells incubated in serum free IS-RPMI. 
(Reproduced with permission granted by the Academic Press) 

 
The results demonstrate the effect of transfection with pSV40-neo, the “empty” vector, 
on cell proliferation.  The results are consistent with predicted effect of 
microcompetition. 

D. Choi 2001 
Another study (Choi 200157) stably transfected the human multiple myeloma (MM)-

hage 

ted 

g 

he pcDNA3 vector carries the cytomegalovirus (CMV) promoter that binds 

[pcDNA3] → ↓[N-boxRb•GABP•p300/cbp] → ↓[mRNARb] → ↑[Cell] 

ransfection with the “empty” vector should increase the number of viable cells 
sider 

derived cell line ARH with the pcDNA3 plasmid carrying an antisense to the macrop
inflammatory protein 1-α (MIP-1α) (AS-ARH) (the test gene plasmid).  As a control, the 
study transfected other ARH cells with the “empty” pcDNA3 vector (EV-ARH).  To 
measure the effect of the antisense on cell growth, the study cultured 105 non-transfec
(WT control), pcDNA3 (“empty” vector control), and MIP-1a antisense (test gene 
plasmid) transfected ARH cells in six-well plates with RPMI-1640 media containin
10% FBS.  At days 3 and 5, the cells were sampled, stained and counted.   
 
T
GABP•p300/cbp.  According to microcompetition: 
 
↑
 
T
compared to non-transfected cells, that is, it should induce cell proliferation.  Con
figure 4 (Choi 2001, ibid, Fig. 2a). 
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Figure 4: Growth of non-transfected cells, cells transfected with the pcDNA3 “empty” 

vector, and cells transfected with the antisense sequence, the test gene plasmid.   
(Reproduced with permission granted by the Copyright Clearing Center, Inc.) 

 
As expected, after 5 days in culture, the number of cells transfected with the “empty” 
vector was larger than the number of non-transfected cells.  The results are consistent 
with the predicted effect of microcompetition. 

E. Hu 2001 
Another study (Hu 200158) measured the efficacy and safety of an immunoconjugate 
(icon) molecule, composed of a mutated mouse factor VII (mfVII) targeting domain, and 
the Fc effector domain of an IgG1 Ig (mfVII/Fc icon), in the severe combined 
immunodeficient (SCID) mouse model of human prostatic cancer.  First, the study 
injected the mice s.c. in both rear flanks with the human prostatic cancer line c4-2.  The 
injection resulted in skin tumors.  On days 0,3,6,9,12,15,33,36,39, and 42, the study 
injected into the skin tumor on one flank, the pcDNA3.1(+) vector carrying the icon (four 
mice), or the “empty” vector (four mice).  The tumor on the other flank was left 
uninjected.  The study measured tumor volume in the injected and non-injected flanks.   
 
The pcDNA3.1(+) vector carries the cytomegalovirus (CMV) promoter that binds 
GABP•p300/cbp.  According to microcompetition: 
 
↑[pcDNA3.1(+)] → ↓[N-boxRb•GABP•p300/cbp] → ↓[mRNARb] → ↑[Cell] → 
→ ↑tumor volume 
 
Injection of the “empty” vector transfected cells should increase the volume of the 
injected tumors compared to uninjected tumors.  Consider figure 5 (Hu 2001, ibid, Fig 3). 
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Figure 5: Growth of: - tumors injected with the icon vector (test gene), ∆- tumors 

injected with pcDNA3.1(+) (“empty” vector control), - uninjected tumors on the other 
flank in pcDNA3.1(+) injected mice (WT control). 

(Reproduced with permission granted by PNAS, Copyright 2001, National Academy of Sciences, USA) 
 
As expected, tumors injected with the “empty” vector transfected cells showed higher 
volumes compared to uninjected tumors.   
 
The experiment was repeated with the human melanoma line TF2 instead of the human 
prostatic cancer line C4-2.  The results are presented in figure 6 (Hu 2001, ibid, Fig. 5) 
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Figure 6: Growth of: - tumors injected with the icon vector (test gene), ∆- tumors 

injected with pcDNA3.1(+) (“empty” vector control), - uninjected tumors on the other 
flank in pcDNA3.1(+) injected mice (WT control). 

(Reproduced with permission granted by PNAS, Copyright 2001, National Academy of Sciences, USA) 
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In both experiments, injection of the “empty” vector stimulated tumor growth.  Compare 
(∆) - tumors injected with the “empty” vector and ( ) - uninjected tumors in the “empty” 
vector injected mice (WT control).  In a t-test, assuming unequal variances, the p-values 
for the difference between tumors injected with the “empty” vector (∆) and uninjected 
tumors ( ), in both experiments, is 0.0265, which is considered statistically significant.  
The results are consistent with the predicted effect of microcompetition. 

F. Summary 
The following table lists some of the materials and methods used in the cited studies. 
 

Study “Empty” 
Vector 

Promoter/ 
enhancer* 

Cell type/ 
tissue 

“Empty” vector 
introduction  

Cherington 
1988 

pZIP-neo MMLV 3T3-F442A 
preadipocytes 

Infection with retrovirus 

HSV-neo HSV 3T3-L1 
preadipocytes 

Calcium phosphate 
precipitate transfection 

Higgins 
1996 

pZIP-neo MMLV 3T3-L1 
preadipocytes 

Calcium phosphate 
precipitate transfection 

Awazu 1998 pSV-neo SV40 HuH-7 human 
hepatoma cells 

Lipofection transfection 

Hu 2001 pcDNA3 CMV Skin tumors Injection into skin 
Choi 2001 pcDNA3 CMV human multiple 

myeloma (MM)-
derived cells 

Lipofectamine Plus 
transfection 

* MMLV- Moloney Murine Leukemia Virus, SV40- Simian Virus No 40, CMV- 
Cytomegalovirus, HSV- Murine Harvey Sarcoma Virus 
 
Although the cited studies used different materials and methods, such as different 
plasmids, different transfection methods, different cell types, and different organisms, the 
observations, in all studies, are consistent with the predicted effect of microcompetition. 
 
The argument for large sample sizes, randomization, independent verification by 
different laboratories, etc, is to even out specific peculiarities inherent in any single 
measurement.  The same result under dissimilar conditions is considered reliable.  Since 
the effect of the “empty” vector on cell function was observed under a variety of 
conditions using dissimilar materials and methods, the effect is, most likely, not an 
artifact of any specific study, and therefore, reliable.  The added reliability increases the 
level of confidence in the validity of the proposed new concept. 
 
One of the most powerful instruments in the scientific tool bag is the paradigm, the 
mental model that represents reality59.  However, a paradigm is also a filter on 
perception.  The above studies illustrate the blinding power of a paradigm.  The current 
view holds that viral proteins are the sole mediators of viral effects on the host cell.  Such 
proteins include, for example, the papilomavirus type 16 E6 and E7 oncoproteins, SV40 
large T antigen, Epstein-Barr virus BRLF1 protein, and adenovirus E1A.  Following the 
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“protein-dependent” assumption, the standard plasmid, which did not express the protein 
of interest, was called “empty,”3 and was used in preparing control cells.  As expected, 
these cells were never compared with the other controls, the non-transfected cells.  The 
viral “protein-dependent” view has such a strong hold on the scientists’ mind that even 
when a “protein-independent” effect on cell function presented itself in the laboratory, 
the effect was ignored.   
 
The potential of a paradigm to bias perception should be considered when deciding the 
faith of future research on the proposed relation between latent viral infections and 
disease.  A latent viral infection produces no protein, or almost no protein.  If the few 
proteins expressed by the virus are harmless, a supporter of the “protein-dependent” view 
will conclude that the latent infection is harmless, and will refrain from advancing 
research on the matter.  In contrast, a proponent of the “protein-independent” view will 
conclude that such an infection might be associated with disease, and will actively 
explore the issue.  The objective of the report is to provide enough stimulation for further 
consideration of microcompetition, the “protein-independent” approach, and therefore, 
further consideration of the proposed association between latent viral infections and 
disease. 

IV. An open question 
The manuscript reports the discovery of a new biological mechanism and shows that 
disruption of this mechanism results in reduced cell differentiation and excessive cell 
proliferation.  Consider the discovery of the double helix.  According to Watson and 
Crick (195360): “It has not escaped our notice that the specific pairing we have postulated 
immediately suggests a possible copying mechanism for the genetic material.”  The 
significance of the discovery lies not in the description of the molecular structure of 
DNA, but in the hinted mechanism for human inheritance.   
 
When is the discovery of a new mechanism exciting?  When the new mechanism can be 
used to answer important questions that resist conventional means.  In the case of the 
double helix, inheritance was considered, at the time, one of the most intriguing and 
difficult questions in biology.  The following sections present one of today’s important 
questions: Why is transcription of many wild-type genes reduced, or elevated, in cancer?, 
and proposes an answer based on the newly discovered mechanism of microcompetition. 

A. The question 
Many studies report reduced transcription of the BRCA1 gene in a majority of sporadic 
breast and ovarian tumors (Russell 200061, Rio 199962, Rice 199863, Magdinier 199864, 
Ozcelik 199865, Thompson 199566).  For instance, Magdinier, et al., report a statistically 

                                                 
3 Why did the authors choose the word “empty?”  Note that the word empty, like the number zero, has two 
meanings: a relative and an absolute one.  In relative terms, empty means less than full.  So one answer 
might be that the standard plasmid is “emptier” compared to the “fuller” test gene plasmid.  However, 
empty also means “nothing,” and therefore, another reason for the choice might be that the word “empty” 
supposed to indicate “no effect.”  Since the “empty” plasmid had a significant effect on cell function, we 
chose to mark the word empty with quotation marks throughout the report. 

 14



significant decrease in BRCA1 mRNA in 94% of patients tested (Magdinier 1999, ibid,
Fig. 2), Rio, et al., (1999, ibid) report a decrease in BRCA1 mRNA in 100% of the six 
cell lines tested, and Russell, et al., (Rio 2000, ibid) report a decrease in BRCA1 protein
expression in 90% of the tested epithelial ovarian tumors.  However, the reason for the 
decreased transcription is unknown.  The two classical hypotheses, somatic mutations 
and promoter hypermethylation, were not confirmed.  Somatic mutations of the BRCA1 
gene are rare in sporadic breast and ovarian tumors (Russell 2000 (ibid), Rio 1999 (ibid
Futreal 199467, Merajver 199568), and hypermethylation of the BRCA1 promoter was
demonstrated in only a small percentage of sporadic breast cancer samples (Catteau 
199969, Magdinier 1998 (ibid), Rice 1998 (ibid), Dobrovic 199770).  The majority 
breast and ovarian tu

 

 

), 
 

of 
mors show neither somatic mutations nor BRCA1 promoter 

ypermethylation.   

 

s 

of 

c 

ajority of carcinomas show no somatic mutations or 
as promoter methylation.   

So why is transcription of BRCA1 and Fas genes reduced in cancer? 

B. The logical reasoning 

p 1: A GABP virus disrupts transcription of BRCA1 and Fas 

ccording to microcompetition (see details above): 
 

↑[N-box ] → ↓[mRNA ], where g = BRCA1 or Fas 

 2: Disrupted transcription of BRCA1 and Fas genes leads to 

udy 

h
 
A similar pattern is observed with the Fas gene.  Many studies detected a progressive 
decrease in Fas expression in many cancers (see Keane 199671 for breast carcinomas, 
Gratas 199872 for esophageal carcinomas, Strand 199673 for hepatocellular carcinomas, 
Moller 199474 for colon carcinomas, and Leithauser 199375 for lung carcinomas).  The 
decrease in Fas expression resulted from reduced transcription.  For instance, Das 200076

shows reduced Fas transcription in ovarian, cervical and endometrial carcinoma tissues, 
and in four ovarian and three cervical carcinoma cell lines.  Butler 199877 demonstrate
reduced Fas transcription in colon tumors, and Keane 1996 (ibid) shows reduced Fas 
mRNA levels in six out of seven breast cancer cell lines.  As with BRCA1, the cause 
the decrease in Fas transcription is unknown.  The two classical hypotheses, somatic 
mutations and promoter hypermethylation, also fail in the case of the Fas gene.  Alleli
loss or somatic mutations of the Fas gene are rare (Bertoni 200078, Lee 1999A79, Lee 
1999B80, Shin 199981, Butler 1998, ibid), and no hypermethylation was observed in the 
Fas promoter (Butler 200082).  The m
F
 

1. Ste
genes 

A

V g

2. Step
cancer 

A decrease in BRCA1 mRNA results in an accelerated rate of cell proliferation, 
anchorage independent growth and tumorigenicity (Thompson 1995 (ibid), Fig 6, Fig 
4a,c, Rao 199683, Fig 4).  Retroviral transfer of a wild-type BRCA1 gene to breast and 
ovarian cancer cell lines inhibited growth in vitro (Hold 199684).  A phase I clinical st
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with gene transfer of BRCA1 to 12 patients with extensive metastatic cancer showed 
stable disease for 4-16 weeks in eight patients, tumor reduction in three patients and 
radiographic shrinkage of measurable disease in one patient (Tait 199785).  Moreo
majority of familial breast cance

ver, the 
r and ovarian cancer cases result from germline 

utations in the BRCA1 gene. 

) gene, another cell cycle suppressor, is 
lso a GABP stimulated gene (Sowa 199786) 

.  
 factor 

l cells.  

mune lymphoproliferative syndrome 
LPS) patients (Drappa 199688). 

ell proliferation can be presented symbolically as follows ([Cell] denotes cell number):  
 

↓ → ↑

 to cancer 
he logical principle of transitive deduction can be defined as follows: 

 → B  → C) 
HEN  (A →C) 

  The principle of transitive 
eduction can be extended to any number of steps. 

f 

m
 
Note that the retinoblastoma susceptibility (Rb
a
 
Cell population is determined by balancing cell growth and cell death.  Programmed cell 
death, or apoptosis, is the final step in a series of morphological and biochemical events
Fas antigen is a 48-kDA cell surface receptor homologous to the tumor necrosis
(TNF) family of transmembrane proteins.  Fas ligation by the Fas ligand, or by 
antibodies, triggers rapid cell apoptosis.  The Fas induced apoptosis was initially 
identified in the immune system.  Ligation of Fas induced apoptosis in activated T cells, 
B cells, and natural killer cells.  In addition, Fas was identified in many epithelia
Although the role of Fas in non-lymphoid tissues is not completely understood, 
maintenance of normal cell turnover and removal of potentially oncogenic cells have 
been suggested.  Consider, for example, the epithelial layer of colonic mucosa.  These 
cells show a rapid rate of cell turnover and high expression of Fas.  It is conceivable that 
the high rate of colonocyte removal is Fas induced.  Moreover, germline mutations in the 
Fas gene are associated with spontaneous development of plasmcytoid tumor in lpr mice 
(Davidson 199887), and neoplasms in two autoim
(A
 
The association between the reduced transcription of the BRCA1, Fas and Rb genes and 
c

[mRNAg]  [Cell], where g = BRCA1 or Fas 

3. Step 3: A latent infection with a GABP virus leads
T
 
IF  (A ) AND (B
T
 
If A leads to B, and B leads to C, then A leads to C.
d
 
Transitive deduction, also called in logical literature transitive entailment, or cut (the 
name is associated with the “cut” of the intermediate B), is a fundamental principle o
logics.  Consider Gabbay (199489): “Cut is a very basic rule in traditional logical 
systems and can be found in one form or another in each one of them.”  Note that in 
Elements of Biology, (196590), Weisz stated: “Deductive logic is used extensively by 
scientists to obtain predictions from hypotheses.  ...  Most scientists are so accustomed 
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to deductive reasoning that formal construction of ‘if...then...’ statements is unnecessary 
in setting up experiments.”  In logical literature the above form of transitive deduction is 
alled unitary cut.   

pply transitive deduction to step 1 and 2 above (g = BRCA1 or Fas). 

Step 1), AND ↓[mRNAg] →↑[Cell] (Step 2) 
HEN ↑[N-boxV] →↑[Cell] 

n.  

s, and during all phases 
of the virus life cycle, including the persistent and latent phase.   

cbp to the 

ncer tissues is expected to find reduced transcription and reduced mRNA 
concentration. 

mes in human tumors.  The following 
ble summarizes some of these observations. 

 

c
 
A
 
IF ↑[N-boxV] → ↓[mRNAg] (
T
 
An increase in the copy number of a viral N-box in a cell results in cell proliferatio
Note that this is a “protein-independent” effect.  The effect is independent of viral 
proteins, and, therefore, occurs in all infections with a GABP viru

C. The answer 
A latent infection with a GABP virus decreases the availability of GABP•p300/
BRCA1 and Fas promoters.  Since GABP•p300/cbp transactivates both genes, 
microcompetition with the latent virus decreases BRCA1 and Fas transcription.  The 
decrease in BRCA1 and Fas transcription, and other GABP regulated genes, such as Rb, 
results in excessive cell proliferation.  Therefore, a study that measures BRCA1 and Fas 
expression in ca

D. Viral genomes in tumors 
Many studies report the detection of viral geno
ta

Virus Cancer 
Epstein-Bar virus (EBV) Burkitt’s lymphoma (BL) 
 Nasopharyngeal carcinoma (NPC) 
 Hodgkin’s disease 
 Polymorphic B cell lymphoma

B-cell lymphoproliferation in 
immunosuppre

SV40 Brain tumors 
 Osteosacromas 
Human T cell lymphotrophic virus-I (HTLV-I) ia Adult T-cell leukem
Human papilloma virus (HPV) ncers Anogenital ca
 Skin cancers 
 Oral cancers 
Hepatitis B virus (HBV) Hepatocellular carcinoma 
Hepatitis C virus (HCV) Hepatocellular carcinoma 
Human herpes virus 8 (HHV8, KSHV) Kaposi’s sarcoma 

s 
 

ssed individuals 

 Body cavity lymphoma 
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r see Bonnet 199994, Labrecque 199595, 
nd the editorial by Magrath and Bhatia 199996. 

DNA 
 many tumors supports the suggested relation between GABP viruses and cancer. 

A by in 

 
e.  

d 
consistent with microcompetition, the proposed “protein-independent” approach. 

 
See also recent reviews on human tumor viruses by Butel 200091, zur Hausen 199992, 
Hoppe-Seyler 199993.  On EBV and breast cance
a
 
EBV, SV40 and HTLV-I are GABP viruses.  The repeated detection of GABP viral 
in
 
An interesting observation in some of these studies is the detection of viral DNA with no 
expression of viral proteins.  Consider, for example, the studies on EBV in breast cancer, 
which report undetectable EBER expression in many cases positive for EBV DN
situ PCR (Bonnet 1999 and Labrecque 1995 above, see also discussion on this 
observation and more examples in the editorial by Magrath and Bhatia 1999, referenced
above).  Moreover, in many studies, the detected viral DNA was replication defectiv
These observations are inconsistent with the current “protein-dependent” view, an
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