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The recent statement, “only a small fraction of the samples being 
submitted (for the Cancer Genome Atlas [TCGA] project) were of 
suitable quality for research,” in an article in Genome Technology 
[1] caught my attention because it is an example of a general lack of
understanding of specific issues regarding the provision of human tissues
to support biomedical research [2]. The implication of this statement
is that because tissues do not meet very demanding requirements,
the tissues were of poor quality. I will use this statement to present
examples of problems in understanding the use of human tissues in
research. In this case, “quality” was confused with “availability” – one
among several common misconceptions among investigators.

In general, “quality” of tissues has nothing to do with their 
“availability”. For example, an investigator may request 100 papillary 
serous ovarian carcinomas that have BRCA-1 mutations from African-
American (AA) women who are less than 30 years of age. Requesting 
100 papillary serous carcinomas would usually not be a great problem 
because these tumors are relatively common and typically are large 
so there will be excess tissues available for research after surgical 
therapy and diagnosis. However, when additional requirements are 
added, requests become more and more difficult to meet. Each added 
requirement may add exponentially to the difficulty of meeting a 
specific request. The racial requirement at our site which treats about 
30% AAs reduces available cases by at least 60%. An additional problem 
for our Tissue Collection and Banking Facility (TCBF) in meeting such 
a request is that papillary serous ovarian carcinomas, for an unknown 
reason, are relatively less common in AAs. This has been observed at 
our site where papillary serous ovarian carcinomas from AAs have 
been uncommon. Thus, less than 10% of ovarian carcinomas at our 
site would meet the requirement for race. The young age requirement 
is much more problematic in that ovarian carcinomas typically occur 
in older women. This young age requirement would limit specimens 
to less than 1% of ovarian carcinomas. The final requirement for a 
mutation in BRCA-1 is also difficult. Ovarian carcinomas that occur in 
young women are likely to be enriched in BRCA-1 mutations; however, 
in general, studies of BRCA-1 mutations may not have been performed, 
or if BRCA-1 status was determined at some time and site, this may be 
unknown to tissue biorepository personnel. Obtaining just one case 
of ovarian carcinoma that meets all these requirements would likely 
require analysis of over 1000 women with ovarian carcinomas. Thus, 
we could not meet nor would we agree to accept a request to obtain 100 
of these cases; yet failure to meet any of the initial requirements does 
not affect the quality of banked or collected specimens nor limit their 
use in a very wide range of research projects for which the tissues would 
be judged to be of excellent quality.

Investigators also should understand some of the current challenges 
of collecting human tissues for research due to changes in medical 
approaches to diagnosis and screening. This includes the decreasing 
size of many primary cancers, an increase in in situ diseases (e.g, ductal 
carcinoma in situ of the breast [DCIS]) the increasing unavailability 
of metastatic lesions due to diagnosis by imaging rather than biopsies, 

and the increasing use of needle and fine needle biopsies to obtain 
samples which are too small to permit obtaining aliquots of tissue for 
research. These changes in the availability of surgical specimens must 
be factored into investigator requests. Investigators especially should 
be aware that requests for large amounts of a tumor type that tends to 
be small and/or is in very high demand (e.g., breast cancer) may result 
in investigators receiving only a few specimens. For example, requests 
from ten investigators each for 0.1 gms or less of a tumor type will be 
served at our site before a request from one investigator for 1 gm of 
tissue from this same type of tumor. 

In beginning, a collaborative project involving the collection of 
human tissues, another collaborator once stated that any monkey can 
collect human tissues. I held my tongue, but when this collaborator’s 
site had collected less than 20% of the specimens collected at each of the 
other participating sites, I did feel some satisfaction. Collecting high 
quality human tissues to support biomedical research is difficult and 
requires very skilled, well trained and dedicated personnel who use 
a quality assurance program and quality control of specimens. Such 
an effort is expensive, costing at least $150 per aliquot of tissues even 
without extensive annotation or other complex requirements.

While TCGA requirements are demanding and expensive, they do 
avoid a problem unrecognized by many investigators who homogenize 
solid tissue specimens without knowledge of the cellular components 
of the tissue. For example, for some malignant tumors, less than 50% 
of the cells of the specimen may be actual cancer cells, the rest typically 
being inflammatory cells (Figure 1). Therefore homogenization of the 
tumor without some form of micro/macro dissection may typically 
yield the molecular features primarily of the intermixed non-malignant 
cells.

For many specific tumor types, a form of macrodissection by which 
areas of inflammatory cells or uninvolved tissue are removed from a 
frozen tissue specimen using frozen sections as a guide can be used to 
enrich specimens in the proportion of nucleated cells that are malignant. 
In more than half of cases, ratios of at least 60% tumor nucleated cells 
can be achieved by such macrodissection. However, some tumors 
such as that demonstrated in Figure 1 would require much more labor 
intensive approaches such as laser capture microdissection to separate 
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malignant cells from intermixed inflammatory cells, because there is 
no clear line of separation of the malignant and inflammatory cells.

Another issue related to demanding requirements for tumors is that 
specific requirements such as greater than 200 mg of tissue, less than 
20% inflammatory cells and less than 30% necrosis may introduce bias 
into the studies to characterize the molecular features of specific types 
of cancers because these requirements exclude tumors which normally 
have either moderate necrosis, an inflammatory component and/or a 
small size. Thus, the molecular features of the tumors evaluated may 
not be typical of all tumors of a particular type (e.g., ductal carcinoma 
of the breast). 

The potential impact of bias in tissue resources are usually not 
considered/understood by many investigators. Bias typically occurs 
when aspects of the disease being studied (cases) are compared with 
controls and there are differences between cases and controls unrelated 
to the disease process. When biased samples are used in studies, 
incorrect conclusions may result. Such incorrect conclusions can not 
be identified until they cannot be confirmed in subsequent studies. 
The possibility and importance of bias increases with the number of 
variables being evaluated so bias is much more likely in multiplex 
analyses. Bias related to the analysis of tissues/bodily fluids may result 
from differences in the approaches to tissue collection/processing, 
storage and distribution. This includes population differences between 
cases and controls including differences in race, sex, age, homeostasis 
(e.g., fed versus fasting), stress and/or comorbid conditions. For 
example, if women and young men are used as controls for a study 

of prostate cancer which typically occurs in older men, there will be 
molecular differences between cases and controls just due to sex and age 
differences rather than the disease process. Similarly, differences in sites 
of collection are certain to introduce bias unless the number of cases 
and matching controls are the same from each site. This also requires 
that at any site, case and controls are from the same subpopulation 
and are collected, processed, stored and distributed under similar 
conditions and using the same standard operating procedures. 

Another area that requires increased understanding by investigators 
concerns the use of paraffin blocks in research. Both fixation and tissue 
processing interact to affect results obtained from paraffin blocks. 
An especially important change is the transition of tissues during 
tissue processing from an aqueous environment to a hydrophobic 
environment. Long times of fixation coupled with the conversation 
to a hydrophobic environment reduce immunorecognition in 
immunohistochemistry requiring antigen recovery techniques (e.g., 
antigen retrieval). Of note, for specific antibody-antigen combinations, 
variable extents of immunorecognition may be recovered.

Also, it is very important for governmental administrators and 
ethicists to understand the operations of tissue biorepositories before 
they recommend sweeping changes such as the return of research 
results to patients and/or the need to consent all patients, even if the 
specimens are anonymized, prior to the use of tissues in research. The 
first of these issues may violate current laws and may result in patient 
harm if wrong or incorrectly interpreted research results are returned 
and affect patient care; the second proposal to consent all patients 
whose tissues may be used in the future in research would cost over 
one million dollars per year at our institution, resources that are not 
available. Frequently, the loss of the ability to perform critical research 
is not considered before recommending requirements/changes that 
may greatly inhibit the function of biorepositories.
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Figure 1: This figure demonstrates the histology of a breast ductal 
adenocarcinoma (H&E, X400). Malignant breast cells are indicated by the red 
arrows. Intermixed inflammatory cells are indicated by the blue circles. Of note, 
malignant cells cannot be separated from inflammatory cells by macrodissection 
because there is no clear line of separation.
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