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Abstract
In an attempt to improve upon the end results obtained 
in treating colorectal cancer it was apparent that the 
earlier the diagnosis that could be obtained, the better 
the chance for obtaining desired results. In the case of 
more advanced tumors typified by later stage colorectal 
cancer, surgical debulking is an important part of the 
treatment strategy. Here the use of additional therapeu-
tic modalities including chemotherapy and present day 
immunotherapy has failed to accomplish the desired im-
provements that have been sought after. Adjuvant ther-
apy, has offered little to the overall survival. The concept 
of early detection is now recognized as the initial step in 
reaching proper end results and can readily be demon-
strated from colorectal cancer studies. Here survival has 
been found to be a reflection of the stage at which the 
tumor is first identified and treated. When specific mono-
clonals targeting colorectal cancer are employed diagnos-
tically, we have been able to demonstrate detection of 
colorectal cancer at its inception as a premalignant lesion, 
such that genotypic features can be identified before the 
phenotypic appearance of cancer can be noted.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Monoclonal antibodies; 
Immunohistochemistry; Antibody dependent cell cyto-
toxicity; Tumor associated antigens

Core tip: The ideal monoclonal antibody to be employed 
in cancer management is one targeting an immunogen-
ic protein expressed in a specific cancer system. Those 
presently employed in cancer management, target a 
growth factor or carbohydrate antigen seen in both 
cancer and normal tissue. Their value as such is limited. 
The monoclonals described herein are directed against 
colon cancer tumor associated antigen and have value 
in both diagnostic and therapeutic uses for controlling 
this disease.
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INTRODUCTION
For most malignancies such as colorectal cancer, the ear-
lier the diagnosis the better the chance for offering the 
patient the opportunity to be cured[1-5]. The addition of  
additional methods to help improve survival, especially in 
the post operative period, have offered little to achieve a 
better response[6-9]. In order to define methods for earlier 
intervention, we began to look at behavioral patterns 
seen in various stages of  colorectal cancer, attempting 
to define those patterns related to tumor antigen expres-
sion. We were able as such, to identify and characterize 
a unique group of  immunogenic proteins that appeared 
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to be expressed in all colorectal carcinomas that were ex-
amined. These tumor (associated) antigens were found to 
be present in all stages of  colorectal tumor development, 
from inception to metastasis. Following the separation 
of  these proteins from pooled tumor cell membranes, 
monoclonal antibodies targeting these proteins were 
developed. Hybridomas were produced by injection of  
BALBc mice with the antigens/proteins so obtained. 

By employing those monoclonal antibodies derived 
against the tumor proteins, it appeared that the antigen, 
noted to be expressed in the earliest stages of  tumor 
development, continued to be present throughout later 
stages of  progression of  tumor growth. As a result, we 
were able to define the appearance of  genetic alterations 
occurring in normal appearing cells that first character-
ized the transformation process. This initial pattern of  
cellular transformation was typified by the expression of  
immunogenic tumor proteins in the earliest stages of  ge-
notypic transformation when phenotypic features still ap-
peared normal by standard HE. As with the invasive cell 
which sheds its antigen into the serum, the premalignant 
cell similarly sheds antigen into the stool which can easily 
be identified by a stool enzyme-linked immunosorbent 
assay (ELISA). Tissue biopsies studied by immunohisto-
chemistry to define cells expressing tumor antigen and ex-
amination of  stool for the presence of  tumor antigen can 
now offer the asymptomatic patient the opportunity for 
proper screening. As a result one can now offer a practi-
cal process for early detection of  a developing malignancy 
when optimum results can almost always be anticipated.

We now believe that it is possible to define the pres-
ence or absence of  colon cancer during the screening 
process of  the asymptomatic patient. If  validated by our 
studies, the need to employ colonoscopy would be mark-
edly reduced and relegated to those patients where there 
is a high likely hood for defining an early malignancy or 
when biopsy is required for confirmation of  as well as 
staging of  the disease process.  

As noted above, the early premalignant cells undergo-
ing transformation, as well as polypoid tumors and larger 
malignancies do shed tumor antigen into the stool where 
they can be detected by stool ELISA using our colon tu-
mor monoclonals. This procedure can be used as a con-
firmatory measure to determine whether colonoscopy is 
or is not indicated as a follow up in post op patients in 
order to detect early developing lesions as well as possible 
anastomotic recurrences. 

These same antibodies, used for detecting colon spe-
cific tumor associated antigens, also have therapeutic ef-
ficacy. Should the clinical work up of  a malignant lesion 
demonstrate spread of  tumor, the monoclonals that were 
employed for diagnosis of  the tumor marker, can now 
be delivered intravenously to target those cells producing 
tumor antigen and destroy them through the process of  
antibody dependent cell cytotoxicity (ADCC).

DISCUSSION
At the present time, most of  the tumor markers em-

ployed commercially for tumor detection and diagnosis 
are non specific. Those clinically available, best serve 
to monitor the response to the therapy being employed 
rather than to detect and diagnose the presence of  a le-
sion. Those markers that appear in the serum are mostly 
derived from carbohydrate antigens that are shed into 
the serum. They are not only expressed by the tumor, 
but also by adjacent normal tissue that may have been ef-
fected by an ongoing inflammatory process[10-12].

 In order to detect the presence of  colon tumors at 
the ideal time, it is important to be able to define a spe-
cific marker or family of  markers on the tumor when 
clinical symptoms were minimal if  not totally absent. 
Such markers have been shown to best be represented by 
one or several immunogenic proteins or glycoproteins ex-
pressed on the cell surface membrane and found to shed 
into the serum as well as surrounding tissue. Those im-
munogenic proteins that characterize colon cancer have 
been isolated and characterized by our group at Precision 
Biologics. Pooled allogeneic specimens of  colon cancer 
were used to retrieve tumor membrane proteins, separate 
them by molecular weight and then skin test the patient 
to define that specific group of  proteins producing 
delayed cutaneous sensitivity. Further separation by iso-
electrophoresis yielded three distinct glycoproteins that 
proved to represent oncofetal proteins first expressed in 
the fetus and later in a mutated form, representing specif-
ic colon cancer proteins that help induce a mild immune 
response. The failure to achieve a full immune response 
proved to be due to minimal expression of  antigen in the 
tumor that was necessary to induce a proper immune re-
sponse. 

Using monoclonal antibodies developed against these 
immunogens, a serum ELISA was also developed that is 
capable of  identifying shed markers with a high degree 
of  sensitivity and specificity[13]. The monoclonal anti-
bodies that specifically target these tumor proteins, have 
demonstrated that these proteins serve both as diagnostic 
markers and a therapeutic targets[14].

It is well known that of  the many methods being de-
veloped to control the more aggressive colon lesions, not 
only does one rely on newer chemotherapeutic agents, 
but additionally through enhancement of  the immune 
system. This can be accomplished by combining che-
motherapy with a monoclonal antibody such as the one 
directed against the epidermal growth factor 1[15]. The 
process of  adding an immunotherapeutic agent to stan-
dard chemotherapeutic drugs does rely on the nature of  
the antigen expressed by the tumor. This of  course can 
be accomplished by immunohistochemical analysis of  the 
tumor. The same effective monoclonal antibody that de-
tected the presence of  the tumor antigen/marker in the 
biopsy specimen can then be used intravenously along 
with chemotherapy, to attack the marker as a therapeutic 
target. In such combinations, the chemotherapeutic agent 
may serve to minimize the presence of  any shed blocking 
material from the tumor to secondarily enhancing the im-
mune response. Such enhancement in immune reactivity 
frequently helps the host defense mechanisms to control 
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disease progression[16-19]. 
When a primary colon tumor is confined to the mu-

cosa of  the bowel, cure is just about guaranteed by surgi-
cal removal. However, when the tumor is found to  pen-
etrate into the muscular layers of  the bowel, or invades 
the serosal surface with regional nodes possibly being 
involved, the opportunity for cure diminishes (Figure 1). 
Here additional modalities of  therapy are essential if  im-
provement in survival is to be accomplished.

The size of  a tumor mass becomes part of  the overall 
picture of  how the lesion is viewed regarding its manage-
ment. A greater host immune response is required in the 
more advanced cases as typified by bulky disease. This 
almost always necessitates surgical debulking to eliminate 
the larger number of  tumor cells that are required to be 
brought under control. The presence of  bulky tumor is 
in addition, frequently associated with a source of  inhibi-
tory surface molecules. When shed from the tumor cell 
membrane into the serum, these molecules function to 
inhibit those immunosurveillance mechanisms needed for 
helping to eliminate existing tumor cells that may have 
remained in the region of  surgical resection or among 
those cells having entered the circulation[20]. As a conse-
quence, a greater host immune response is required in the 
more advanced cases which is usually typified by bulky 
disease. There is little disagreement as such, that the abil-
ity to achieve an improved cure rate depends on early 
diagnosis and when possible, complete removal of  the 
existing tumor. 

The concept for achieving the early diagnosis of  a 
malignant lesion was espoused by Lee Hartwell of  the 
Fred Hutchinson Cancer Center, who evaluated proce-
dures for achieving such early diagnosis as the more ef-
fective way of  curing cancer. He looked at later stages of  
disease in solid tumor malignancies, where chemotherapy 
was employed to help improve survival. In such situa-
tions he found that this approach rarely resulted in cure, 
especially when the primary lesion had undergone the 
process of  metastasis[21].

Hartwell stressed the need for finding a tumor pro-
tein expressed early in the onset of  disease, functioning 
in a manner that the Pap smear had accomplished for 

cervix cancer. When such a tumor protein, functioning 
as a marker, could be detected by a monoclonal antibody, 
the clinical course of  the disease would be altered in fa-
vor of  an almost guaranteed cure. Larry Norton of  the 
Sloan Kettering Cancer Center emphasized that if  the 
tumor markers that Hartwell was hoping to find were 
immunogenic, then the monoclonal antibody that could 
determine the presence of  the malignant lesion would be 
the same monoclonal that when delivered intravenously, 
would hunt, seek and destroy any cell in the metastatic 
setting that presented with such a marker. Essentially 
the presence of  immunogenic tumor associated antigens 
(TAA’s) on the cell surface membrane serve to illustrate 
the tumor in the form of  a coin displaying two sides. 
On the reverse side of  the coin, the proper monoclonal 
can detect the tumor antigen as a diagnostic marker. The 
antigen on the opposite (head) side of  the coin would 
now act as a therapeutic target for tumor destruction by 
utilizing the same monoclonal antibody delivered intrave-
nously (Figure 2).

Such tumor immunogenic proteins (TAA’s) were iso-
lated from a number of  different malignancies including 
colon cancer and later characterized at Precision Biolog-
ics. The monoclonals that were derived from colon can-
cer antigen and later used to immunize BALBc mice for 
hybridoma production, are presently being tested clini-
cally for both diagnostic and therapeutic efficacy. They 
have been found to be capable of  detecting the earliest 
lesion in a manner illustrated by Figure 2. These colon 
tumor specific monoclonals are capable of  functioning to 
diagnose the presence of  the colon malignancy by both 
immuno-histochemistry of  the resected specimen as well 
as serum ELISA. Should the tumor have invaded the 
blood stream, the metastatic lesions resulting from such 
invasion can now be effectively targeted. Extrapolating 
from animal studies with colon cancer transplants, meta-
static foci from of  these tumors can now be approached 
thru intravenous infusion of  the monoclonal antibody 
with doses of  the IgG1 delivered Ⅳ at 4-5 mg/kg. Phase 
ⅡB studies are now in progress with these antibodies. 

When Ariel Hollinshead (1985)[22] employed pooled 
allogeneic tumor membrane antigen for treating a variety 
of  malignant lesions, it became apparent that when the 
antigen was delivered at threshold levels and specifically 
for the malignancy expressing suboptimal levels of  in-
nate antigen, that the immune system could be shifted 
from one of  performing immune-surveillance to that 
of  providing a therapeutic mechanism for attacking and 
destroying the tumor, resulting in improvement in sur-
vival[23,24]. 

Clinical studies employing pooled allogeneic tumor 
antigen in the form of  a vaccine, defined by its ability to 
turn on both cell and humoral immunity, resulted in im-
proved survival over those where patients underwent sur-
gery alone. In order to achieve an optimum response, the 
antigen had to be delivered at doses of  between 750 and 
1000 µg in 3 divided doses, given along with an oil based 
adjuvant. This allowed the now homogenized antigen to 
remain at the site of  delivery for an extended period of  
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Figure 1  Correlating the extent of local tumor progression with survival in 
colorectal cancer.
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cess of  malignant transformation occurs several months 
before phenotypic features of  cancer can be detected[26].  
Obviously during resection of  a primary colon lesion by 
colectomy, it is essential for the pathologist to guarantee 
that transformed colonocytes not be left behind in the 
margins of  resection that are to be re-anastomosed. This 
appears to be best achieved by employing IHC with the 
monoclonal antibodies targeting colon tumor antigen. 
Along with the standard HE protocol. We plan to have 
antibody kits available in the OR so that frozen sections 
taken from margins of  bowel following colectomy can be 
obtained for IHC. 

Tumor antigen structure was analyzed, defined and 
characterized following immunoprecipitation of  the 
pooled allogeneic colon cancer membrane material that 
had been used as a vaccine. Mass spectroscopy indicated 
that there were three separate antigens, seen alone and in 
combination in various colon cancers, each representing 
an oncofetal protein needed in the development of  the 
human GI tract. These proteins were usually turned off  
as the fetus matured by re: methylation of  the gene. In 
the adult, the onset of  malignant transformation of  the 
cell occurs via an oncogenic mutation. This appears to 
result in a modification of  the protein structure through 
a mutation in the synthetic pathway or possibly thru a 
post translational modification of  the oncofetal protein. 
The resulting tumor protein was found then to be immu-
nogenic and serves to characterize the tumor system in 
which it is expressed.  The immunogenic proteins that we 
identified were shown to be related to MUC5ac, A33, and 
CEAcam 5,6. While our monoclonals clearly define these 
proteins on Immunohistochemistry, commercial mono-
clonals used to define the known non modified antigens 
(oncofetal proteins) failed to recognize expression of  the 
modified antigen in the malignant system.

All of  the monoclonals that we have developed fit into 
a unique class of  IgG’s that are both diagnostic as well as 
therapeutic in solid tumor malignancies. Mutated MUC5c 
antigen is defined by monoclonal Neo-101 and its newer 
version Neo 102, CEAcam5,6 by monoclonal 16C3/Neo 
201 and altered A33 by monoclonal 31.1. To date no other 
anti-tumor IgG monoclonals have been found capable of  
performing in a similar fashion. The epidermal antibodies 
targeting epidermal growth factor Ⅰ and II all have cor-
responding targets in normal tissue. 

time.
To define the nature of  the tumor protein or proteins 

capable of  inducing enhancement in tumor recognition, 
monoclonals were developed in BALBc mice. Three of  
the antibodies obtained from the fusion and subsequent 
hybridoma development showed specificity for colon 
cancer. There was minimal if  any evidence of  cross re-
activity of  these antibodies to the surrounding normal 
colonic tissue. When employed for therapy, first chimeric 
and then the humanized or human version of  the anti-
bodies were produced. 

In reviewing the nature of  the clinical response ob-
tained following the initial trials employing pooled colon 
cancer antigen, all patients immunized had a strong de-
layed cutaneous hypersensitivity response as previously 
noted. This was response was associated with enhance-
ment in cellular immunity as well a strong humoral 
response in most patients, with resulting high serum 
titers of  an IgG1 targeting the antigen expressed on the 
tumor cells[25]. Those among the 10%-20% of  patients 
showing signs of  recurrent disease after immunization, 
were found to be unable to mount the needed humoral 
response needed to control the tumor. The cell lmediated 
immunity almost appeared to function in a bystander 
manner. The monoclonals described above that were 
developed from the original Hollinshead tumor antigen 
were then specifically produced GMP for initiation of  
food and drug administration (FDA) clinical trails. The 
IgG1 format developed for the trials was found to func-
tion in the same manner as those antibodies found in 
the host circulation in response to administration of  the 
tumor vaccine.

A detailed analysis of  the monoclonals so produced 
against the colon antigen revealed each to be capable 
of  inducing a strong ADCC response. Similarly, these 
mAbs showed effectiveness in a serum ELISA with a 
high degree of  sensitivity and specificity. Using Immuno-
histochemistry (IHC) to define expression of  antigen in 
the tissue under examination, cells that have undergone 
the initial genotypic changes can now be clearly defined 
even though the phenotypic features of  cancer are not 
yet available for recognition by the pathologist.  Studies 
to date have suggested that the colonocytes adjacent to a 
malignant lesion, have for the most part undergone geno-
typic transformation (Figure 3). It appears that this pro-
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Figure 2  Depicts the ideal monoclonal antibody that 
can define the presence of a tumor associated antigen 
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delivered Ⅳ, can hunt and destroy the tumor which con-
tains the diagnostic marker. IHC: Immunohistochemistry; 
TAA: Tumor associated antigen; ELISA: Enzyme-linked im-
munosorbent assay.
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Knowing that the targeted antigen in colorectal cancer 
can result in tumor destruction, animal studies prior to 
initiation of  clinical trials using therapeutic monoclonals, 
were devised to demonstrate in vivo tumor destruction 
Figure 4.

The ADCC response for most of  the Precision 
monoclonals, range from 50%-70% tumor destruction in 
a 6-8 h. period of  time, at an effector to tumor (E:T) ra-
tio of  80-100:1 to over 90% with monoclonal 31.1. When 
these antibodies are delivered intraperitoneally in the 
animal model following establishment of  tumor growth 
10 d after subcutaneous administration of  10-20 million 
tumor cells in the thigh of  nude mice, more than 50% 

of  the animals were found to have a marked reduction in 
size the tumor mass. This can be seen at 10-15 d after im-
munization. The dosage of  intraperitoneal IgG delivered 
along with human effector cells to assure an optimum 
ADCC response, was found to require approximately 400 
µg in the animal model or an equivalent of  approximately 
400 mg in a 70 kg patient, this represents about 4-5 mg/
kg of  monoclonal antibody delivered at about 1 mg/min.

Considering the lack of  toxicity following Ⅳ adminis-
tration of  our monoclonals in phase Ⅰ FDA therapeutic 
trial, we began phase Ⅱ studies. One of  the problems 
encountered in the original GMP antibody preparation 
for FDA was that NEO-101 mAb was expressed at low 
levels and therefore not suitable for commercial produc-
tion.  Using a newer expression system, we are now able 
to produce the new monoclonal at a significantly higher 
level. Of  interest was that while the sequence of  the new-
ly produced antibody, NEO-102 was virtually unchanged, 
we did see an approximate a definite improvement in 
ADCC as well as improvement in the quality of  staining 
where background staining was virtually eliminated.  This 
new version of  the mAb, NEO-102 is being utilized in 
phase Ⅱ and is being tested in escalating doses. Phase 
Ⅱb has been designed to test the optimum dose of  
NEO-102 in combination with chemotherapy[27].

As mentioned above, the antibodies developed at 
Precision Biologics have their clinical efficacy in their 
capability of  defining the tumor marker expressed in 
the tumor cell as a target for tumor detection as well 
as destruction. In tracing the pattern of  expression of  
these markers, it became readily apparent that they were 
expressed not only in the later stages of  tumor devel-
opment where they could serve as an ideal therapeutic 
target, but at a time when genotypic changes were taking 
place in the normal but transforming cell, as noted above, 
and where the features of  malignancy could not be read-
ily recognized by the pathologist. We are now looking at 
the issue of  Field Effect with regard to the genetic altera-
tions occurring at the time of  tumor induction. As such 
we are attempting to define the extent of  premalignant 
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Figure 3  Reveals expression of tumor antigen in those colonocytes adjacent to the malignant lesion where the colonocytes appear normal by H and E.
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Figure 4  Animal models (nude mice) growing human malignancy to com-
pare untreated and treated animals. The upper model received a control mAb 
while the lower animal model having had a much smaller tumor mass at 10 d 
received mAb NPC-1.
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alterations surrounding the primary lesion[28]. 
In terms of  colon cancer, the mechanism for tumor 

induction whether by virus or carcinogen, probably ef-
fects an area in the bowel resulting in a pattern of  geno-
typically altered colonocytes expressing tumor antigen, 
the so called Field Effect as noted above. Within this 
Field, further mutations lead to the eventual appearance 
of  the early polypoid changes that may suppress the ge-
notypically altered surrounding colonocytes. This polyp-
oid lesion then continues with further mutational changes 
leading to the eventual appearance of  an infiltrating colo-
nocytic lesion. Resection of  the polypoid lesion, leaving 
the altered colonocytic field intact, could then result in 
further progression of  cellular changes in the premalig-
nant cells. Such a concept, if  proven correct as per an 
ongoing study at North Shore University Hospital and 
Precision Biologics will assist the pathologist, at the time 
of  bowel resection, to define the extent of  the Field Ef-
fect by immuno histochemistry. 

In our ongoing therapeutic trials, phase Ⅱb is in the 
process of  initiation with the addition of  chemotherapy 
to the therapeutic monoclonals being employed. It is 
generally agreed upon that Immunochemotherapy can 
be more effective than either chemotherapy or immuno-
therapy when employed alone. In general chemotherapy 
can diminish the immune inhibitory effect derived 
from the tumor and enhances the overall therapeutic 
response[29,30]. Finally we have prepared an alpha particle 
labeled NEO-102 monoclonal antibody to be introduced 
at a later date as part of  the overall therapeutic approach 
to tumor control.

The availability of  monoclonals targeting an immu-
nogenic protein expressed in all phases of  colon cancer 
development should be useful for both diagnosis and 
therapy and should have a major impact on how colon 
cancer is treated and the outcome that can be expected.
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