
METHODS OF PREDICTING CANCER LETHALITY USING REPLIKIN COUNTS [0001] This
application claims priority to U.S. Provisional Appln. Ser. No. 61/185,160,
filed June 8, 2009, U.S. Provisional Appln. Ser. No. 61/179,686, filed May
19, 2009, U.S. Provisional Appln. Ser. No. 61/172,1 15, filed April 23,
2009, U.S. Appln. Ser. No. 12/429,044, filed April 23, 2009,
PCT/US2009/41565, filed April 23, 2009, U.S. Provisional Appln. Ser. No.
61/143,618, filed January 9, 2009, and U.S. Provisional Appln. Ser. No.
61/087,354, filed August 8, 2008, each of which is incorporated herein by
reference in its entirety. This application additionally incorporates
herein by reference, each in its entirety: U.S. Provisional Appln. Ser. No.
61/054,010, filed May 16, 2008, U.S. Appln. Ser. No. 12/108,458, filed
April 23, 2008, U.S. Appln. Ser. No. 12/010,027, filed January 18, 2008,
U.S. Provisional Appln. Ser. No. 60/991,676, filed November 30, 2007, U.S.
Appln. Ser. No. 11/923,559, filed October 24, 2007, U.S. Provisional Appln.
Ser. No. 60/982,336, filed October 24, 2007, U.S. Provisional Appln. Ser.
No. 60/982,333, filed October 24, 2007, U.S. Provisional Appln. Ser. No.
60/982,338, filed October 24, 2007, U.S. Provisional Appln. Ser. No.
60/935,816, filed August 31, 2007, U.S. Provisional Appln. Ser. No.
60/935,499 filed August 16, 2007, U.S. Provisional Appln. Ser. No.
60/954,743, filed August 8, 2007, U.S. Appln. Ser. No. 11/755,597, filed
May 30, 2007, U.S. Provisional Appln. Ser. No. 60/898,097, filed January
30, 2007, U.S. Provisional Appln. Ser. No. 60/880,966, filed January 18,
2007, U.S. Provisional Appln. Ser. No. 60/853,744, filed October 24, 2006,
U.S. Appln. Ser. No. 11/355,120, filed February 16, 2006, U.S. Appln. Ser.
No. 11/1 16,203, filed April 28, 2005, U.S. Appln. Ser. No. 10/860,050,
filed June 4, 2004, now U.S. Patent No. 7,442,761, U.S. Appln. Ser. No.
10/189,437, filed July 8, 2002, now U.S. Patent No. 7,452,963, U.S. Appln.
Ser. No. 10/105,232, filed March 26, 2002, now U.S. Patent No. 7,189,800,
U.S. Appln. Ser. No. 09/984,057, filed October 26, 2001, now U.S. Patent
No. 7,420,028, and U.S. Appln. Ser. No. 09/984,056, filed October 26, 2001,
now U.S. Patent No. 7,176,275. TECHNICAL FIELD OF THE INVENTION [0002] This
invention relates generally to identifying and quantifying the lethality of
different histological types of malignancies and variations of lethality
within these types. The invention is further directed to diagnosis,
prevention and treatment of cancer.BACKGROUND OF THE INVENTION [0003]
Cancer is a class of diseases in which cells divide absent limits that
normally control growth of cells in tissue. Uncontrolled cancer cell growth
often leads to invasion and destruction of tissues adjacent to the cancer
cells since cancer cells are typically capable of living in environments
different from the tissue from which the cells were transformed. As a
result, cancer cells often spread to other locations in the body where they
may rapidly replicate causing additional tumors, resulting trauma, and
sometimes death. The rate at which a line of cancer cells replicates is
often a determining factor in the aggressiveness and eventual lethality of
the cancer. Rates of replication for particular types of cancer are also
considered in developing strategies for cancer therapy. [0004] Nearly all
cancer cells are abnormal in their genetic material as compared to cells
from which they were transformed. Some progress has been made in developing
therapies that more directly target the molecular abnormalities in cancer
cells. These therapies ideally inhibit or kill cancer cells while not
extensively damaging normal cells. Nevertheless, the progress that has been
made in developing targeted therapies remains severely insufficient since
about onequarter of deaths in the United States in 2009 are expected to
result from cancer. [0005] Cancer prognosis has traditionally been based on
histological identification of the type of cancer, as well as the stage of
cancer development and the extent of progression of the disease in the
body. More recently, histologic grading and the presence of specific
molecular markers have become useful in prognosis and the development of
individual treatments. [0006] While histologic grading is useful for
providing qualitative prognoses for patients suffering from a malignancy,
histopathology does not provide a quantitative measure of the degree of
malignancy or the rate of growth, rate of replication, aggressiveness, or
lethality of a 



malignancy. Furthermore, histopathological procedures provide inconsistent
measures of degrees of malignancies. Quantitative methods of determining
the rate of growth, rate of replication, aggressiveness, or lethality of a
malignancy are therefore needed. [0007] Replikin peptides are a family of
small peptides that have been correlated with the phenomenon of rapid
replication in malignancies, as well as viruses, and other infectious
organisms. The association of Replikin peptides with rapid replication has
been described in U.S. Patent No. 7,189,800, U.S. Patent No. 7,176,275,
U.S. Appln. Ser. No. 11/355,120, andU.S. Patent No. 7,442,761, among
others. Both Replikin concentration (number of Replikins per 100 amino
acids) and Replikin composition have been correlated with the functional
phenomenon of rapid replication. [0008] There continues to be a need in the
art for methods of determining the source, aggressiveness and lethality of
malignancies in order to design optimally appropriate therapies. Analysis
of Replikin sequences in the genome of malignancies provides such methods.
Additionally, a need for methods of preventing and treating aggressive
malignancies continues to exist in the art. Replikin concentration in the
genome of the cell or organism and Replikin sequences identified in
malignancies provide methods of preventing and treating aggressive
malignancies. SUMMARY OF THE INVENTION [0009] In one aspect, the present
invention provides methods of predicting the relative rate of growth, rate
of replication, and/or lethality of a first malignancy as compared to a
second malignancy or as compared to a plurality of other malignancies
comprising comparing a Replikin Count (Replikin concentration) in a cell
from the first malignancy with a Replikin Count (Replikin concentration) in
a cell from the second malignancy, or with the Replikin Counts (Replikin
concentrations) in a plurality of cells from a plurality of malignancies.
In another aspect, the present invention further provides Replikin peptides
and Replikin Peak Genes identified within the genome or within the
expressed proteins of a cell from a first malignancy wherein said
malignancy is predicted to have a higher rate of growth or replication or
greater lethality than a second malignancy, or a higher rate of growth or
replication or greater lethality than a plurality of other malignancies or
than a mean, median, or average of a plurality of other malignancies.
[00010] A first non-limiting aspect of the invention provides a method of
predicting the relative rate of growth of at least one first malignancy of
a known or unknown type of malignancy as compared to at least one second
malignancy of a known or unknown type of malignancy comprising: comparing a
Replikin Count of the at least one first malignancy with a Replikin Count
of at least one second malignancy; and predicting the at least one first
malignancy to have a relative rate of growth that is faster than the
relative rate of growth of the at least one second malignancy if the
Replikin Count of the at least one first malignancy is greaterthan the
Replikin Count of the at least one second malignancy. In a non-limiting
embodiment of the first aspect of the invention, the at least one second
malignancy is of an unknown type or of a different type of malignancy than
the first malignancy. In another non-limiting embodiment, the first
malignancy is a metastasis or metastases of the second malignancy. [00011]
In another non-limiting embodiment, the method of prediction further
comprises determining a Replikin Count of the at least one first malignancy
and a Replikin Count of the at least one second malignancy before the
comparing step. In another non-limiting embodiment, the at least one first
malignancy is a metastasis of the at least one second malignancy, is a
malignancy of unknown type or unknown origin in a subject suffering from
the at least one second malignancy, or is a malignant cell of the same
malignancy as the at least one second malignancy, or the at least one first
malignancy and the at least one second malignancy are metastases of a third
malignancy. [00012] In another non-limiting embodiment, the Replikin Count
of the at least one first malignancy is the Replikin Count of a Replikin
Peak Gene of the at least one first malignancy and the Replikin Count of
the at least one second malignancy is a Replikin Count of a Replikin Peak
Gene of the at least one second malignancy. 



[00013] In another non-limiting embodiment, the Replikin Count of the at
least one second malignancy is a mean Replikin Count of a plurality of
malignancies or a mean Replikin Count of a plurality of cells of a
malignancy, the Replikin Count of the at least one first malignancy is a
mean Replikin Count of a plurality of malignancies or a mean Replikin Count
of a plurality of cells of a malignancy, or the Replikin Count of the at
least one second malignancy is a mean Replikin Count of a plurality of
malignancies or a mean Replikin Count of a plurality of cells of a
malignancy and the Replikin Count of the at least one first malignancy is a
mean Replikin Count of a plurality of malignancies or a mean Replikin Count
of a plurality of cells of a malignancy. [00014] In a further non-limiting
embodiment, the Replikin Count of the at least one second malignancy is a
mean, median, or other average Replikin Count of a plurality of
malignancies where the plurality of malignancies represents a survey of
malignancies. In another non-limiting embodiment, the Replikin Count of the
at least one first malignancy or the mean Replikin Count of the at least
one first malignancy is greater than the mean Replikin Count of the at
least onesecond malignancy plus the standard deviation of the mean Replikin
Count of said at least one second malignancy. [00015] In another
non-limiting embodiment, the relative rate of growth correlates with
relative lethality. [00016] In another non-limiting embodiment, the
Replikin Count of the at least one first malignancy is a Replikin Count of
an expressed protein, protein fragment or peptide isolated from a cell of
the at least one first malignancy or a Replikin Count of the genome, a
gene, a gene fragment, or any other nucleic acid sequence isolated from a
cell of the at least one first malignancy and the Replikin Count of the at
least one second malignancy is a Replikin Count of an expressed protein,
protein fragment or peptide isolated from a cell of the at least one second
malignancy or a Replikin Count of the genome, a gene, a gene fragment, or
any other nucleic acid sequence isolated from a cell of the at least one
second malignancy. [00017] In a further non-limiting embodiment, the
Replikin Count of the at least one first malignancy is the highest Replikin
Count among a plurality of Replikin Counts of a first plurality of
malignancies of a first type and the Replikin Count of the at least one
second malignancy is the highest Replikin Count among a plurality of
Replikin Counts of a second plurality of malignancies of a second type. In
a further non-limiting embodiment, a Replikin Count of the Replikin Peak
Gene of the malignancy having the highest Replikin Count among a plurality
of Replikin Counts of the first type of malignancy is further compared to
the Replikin Count of the Replikin Peak Gene of the malignancy having the
highest Replikin Count among a plurality of Replikin Counts of the second
type of malignancy, and if the first type of malignancy has a higher
Replikin Count of the Replikin Peak Gene than the second type of
malignancy, then the first type of malignancy is predicted to have a
greater lethality than the second type of malignancy. [00018] In another
non-limiting embodiment, the first malignancy or the second malignancy is a
thyroid malignancy, a prostate malignancy, a breast malignancy, a urinary
bladder malignancy, a uterine corpus malignancy, a uterine cervix
malignancy, a colon malignancy, an ovarian malignancy, a malignancy of the
oral cavity, a lymphocytic leukemia malignancy, a multiple myeloma
malignancy, a gastric malignancy, a non-small cell lung carcinoma
malignancy, or a glioblastoma malignancy.[00019] Another non-limiting
embodiment of the first aspect of the invention provides a method of
predicting the relative rate of growth of at least one first malignancy of
a known or unknown type of malignancy as compared to at least one second
malignancy of a known or unknown type of malignancy performed by a
processor comprising: comparing a Replikin Count of the at least one first
malignancy with a Replikin Count of at least one second malignancy; and
predicting the at least one first malignancy to have a relative rate of
growth that is faster than the relative rate of growth of the at least one
second malignancy if the Replikin Count of the at least one first
malignancy is greater than the Replikin Count of the at least one second
malignancy. In a further non-limiting embodiment, at least one Replikin
Count is outputted to a user or to a 



display. In another non-limiting embodiment, at least one representation of
a prediction of the relative rate of growth of at least one first
malignancy is outputted to a user or to a display. [00020] Another
non-limiting embodiment of the first aspect of the invention provides a
machine-readable storage medium having stored thereon executable
instructions that, when executed by a processor, cause the processor to
provide sufficient data to a user, a display, or a printout, such that said
user or a user of said display or printout may predict the relative rate of
growth of at least one first malignancy according to an aspect of the
invention for predicting the relative rate of growth of the at least one
first malignancy. [00021] Another non-limiting embodiment of the first
aspect of the invention provides a computer system, including a processor
coupled to a network and a memory coupled to the processor, the memory
containing a plurality of instructions to perform a method of predicting
the relative rate of growth of at least one first malignancy as compared to
at least one second malignancy. [00022] A second non-limiting aspect of the
present invention provides a method of making a composition comprising at
least one component of at least one first malignancy predicted to have a
relative rate of growth faster than the relative rate of growth of at least
one second malignancy, where the method comprises including the at least
one component in the composition. In a non-limiting embodiment of the
second aspect of the invention, the at least one component of the at least
one first malignancy is at least one Replikin peptide or at least one
Replikin Peak Gene identified within or isolated from the at least one
first malignancy. Inanother non-limiting embodiment, the composition is an
immunogenic composition. In another non-limiting embodiment, the
immunogenic composition is a vaccine. [00023] In another non-limiting
embodiment of the second aspect of the present invention, the method of
making a composition further comprises combining a pharmaceutically
acceptable carrier or adjuvant or both with at least one component of at
least one first malignancy predicted to have a relative rate of growth
faster than the relative rate of growth of at least one second malignancy.
[00024] In a further non-limiting embodiment of the second aspect of the
present invention, the at least one Replikin peptide or at least one
Replikin Peak Gene are isolated from the first malignancy. [00025] A third
non-limiting aspect of the present invention provides a use of at least one
component of a cell of at least one first malignancy predicted to have a
relative rate of growth that is faster than the relative rate of growth of
at least one second malignancy for the treatment of at least one first or
second malignancy or for the treatment of a metastatic malignancy related
to at least one first or second malignancy. In a non-limiting embodiment of
the third aspect of the present invention, the at least one component of a
cell of a first malignancy is at least one Replikin peptide or at least one
Replikin Peak Gene identified in a cell of the first malignancy. [00026] A
non-limiting embodiment of the third aspect of the present invention
provides a use of at least one component of a cell of at least one first
malignancy predicted to have a relative rate of growth that is faster than
the relative rate of growth of at least one second malignancy in the
manufacture of a medicament for the treatment of malignancy. In a
nonlimiting embodiment, the at least one component is at least one Replikin
peptide or at least one Replikin Peak Gene. In another non-limiting
embodiment, the treatment of malignancy is treatment of at least one first
malignancy or at least one second malignancy or a metastatic malignancy of
at least one first malignancy or at least one second malignancy. [00027] In
a non-limiting embodiment of the third aspect of the present invention, at
least one component of a cell is at least one Replikin peptide or at least
one Replikin Peak Gene isolated from or identified in the cell. [00028] A
fourth non-limiting aspect of the present invention provides a method of
treating a malignancy comprising administering to a subject at least one
component of a cell of at leastone first malignancy predicted to have a
relative rate of growth that is faster than the relative rate of growth of
at least one second malignancy. In a non-limiting embodiment of the fourth
aspect of the present invention, the at least one component is at least one
Replikin peptide or at least 



one Replikin Peak Gene identified in the at least one first malignancy. In
a non-limiting embodiment, at least one component of a cell is at least one
Replikin peptide or at least one Replikin Peak Gene isolated from or
identified in the cell. [00029] A fifth non-limiting aspect of the present
invention provides a method of stimulating the immune system of a subject
comprising administering to said subject, at least one component of at
least one first malignancy predicted to have a relative rate of growth that
is faster than the relative rate of growth of at least one second
malignancy. In a non-limiting embodiment of the fifth aspect of the present
invention, the at least one component is at least one Replikin peptide or
at least one Replikin Peak Gene identified in the at least one first
malignancy. In a non-limiting embodiment, at least one component of a cell
is at least one Replikin peptide or at least one Replikin Peak Gene
isolated from or identified in the cell. [00030] A sixth non-limiting
aspect of the present invention provides a method of making an antibody or
an antibody fragment that binds to at least one antigenic component of at
least one first malignancy, wherein said at least one first malignancy is
predicted to have a relative rate of growth that is faster than the
relative rate of growth of at least one second malignancy comprising
identifying the antigenic component and making an antibody or antibody
fragment that binds to the antigenic component. In a non-limiting
embodiment of the sixth aspect of the present invention, the at least one
antigenic component is at least one Replikin peptide or at least one
Replikin Peak Gene identified in the first malignancy. In a non-limiting
embodiment, the at least one antigenic component of a cell is at least one
Replikin peptide or at least one Replikin Peak Gene isolated from or
identified in the cell. [00031] A seventh non-limiting aspect of the
present invention provides a method of making at least one siRNA
comprising: identifying at least one Replikin peptide or at least one
Replikin Peak Gene in at least one first malignancy predicted to have a
relative rate of growth that is faster than the relative rate of growth of
at least one second malignancy; and making said at least one siRNA to be
complementary to at least a portion of a nucleic acid that encodes said at
least one Replikin peptide or said at least one Replikin Peak Gene.[00032]
An eighth non-limiting aspect of the present invention provides a method of
determining the relative rate of increase in the relative rate of growth of
at least one first malignancy as compared to the relative rate of increase
in the relative rate of growth of at least one second malignancy
comprising: comparing the standard deviation of the mean Replikin Count of
a plurality of cells of said at least one first malignancy to the standard
deviation of the mean Replikin Count of a plurality of cells of said at
least one second malignancy; and predicting that the relative increase in
the relative rate of growth of said at least one first malignancy is
greater than the relative rate of increase in the relative rate of growth
of said at least one second malignancy if the standard deviation of the
mean Replikin Count of the plurality of cells of the at least one first
malignancy is greater than the standard deviation of the mean Replikin
Count of a plurality of cells of the at least one second malignancy.
[00033] In a non-limiting embodiment of the eighth aspect of the present
invention, the at least one first malignancy may be a metastasis of the at
least one second malignancy or the at least one first malignancy, or may be
a malignancy of unknown origin or unknown type in a subject suffering from
the at least one second malignancy. In another non-limiting embodiment, the
at least one first malignancy and the at least one second malignancy are
both metastases of a third malignancy. In another non-limiting embodiment,
the at least one first malignancy is a plurality of malignancies differing
from the at least one second malignancy, or the at least one second
malignancy is a plurality of malignancies differing from the at least one
first malignancy, or the at least one first malignancy and the at least one
second malignancy are both a plurality of malignancies differing one from
the other. In another non-limiting embodiment, the at least one first
malignancy is a plurality of malignancies of a first type of malignancy and
the at least one second malignancy is a plurality of malignancies of a
second type of malignancy. [00034] A ninth non-limiting aspect of the
present invention provides a method of predicting an expansion of a
malignancy comprising: determining a mean Replikin Count and a 



standard deviation of said mean Replikin Count for a plurality of cells of
a first malignancy for a first time period in a first anatomic region or
for a first plurality of malignancies; determining a Replikin Count of at
least one other cell, said at least one other cell being distinct from the
plurality of cells and being at least one cell of the first malignancy, of
a metastasis of the first malignancy, of a malignancy of unknown origin or
unknown type in a subject suffering from thefirst malignancy at a second
time period and/or in a second anatomic region, wherein said second time
period is different from said first time period and/or said second anatomic
region is different from said first anatomic region, or of a second
malignancy in a different subject; and predicting an expansion of said
first malignancy, said metastasis, said malignancy of unknown origin or
unknown type, or said second malignancy in a different subject if the
Replikin Count of the at least one other cell is greater than the mean
Replikin Count of the plurality of cells plus one Standard deviation of the
mean Replikin Count of the plurality of cells, or if the Replikin Count of
said at least one other cell is greater than the mean Replikin Count of the
first plurality of malignancies plus one standard deviation of the mean.
[00035] In a non-limiting embodiment of the ninth aspect of the present
invention, the at least one other cell is a second plurality of cells from
the second time period and/or the second anatomic region or said second
malignancy in a different subject, and the Replikin Count of each cell of
the plurality of cells from the second time period and/or second anatomic
region or said second malignancy in a different subject is compared
separately to the mean Replikin Count plus one standard deviation of said
mean Replikin Count. In a further non-limiting embodiment, the expansion of
the first malignancy in the second time period and/or the second anatomic
region or the expansion of said second malignancy in a different subject is
predicted if the number of Replikin Counts of the second plurality of cells
that is greater than the mean Replikin Count of the first plurality of
cells plus one standard deviation of the mean of the Replikin Count is
greater than the number of Replikin Counts of the second plurality of cells
that is less than the mean Replikin Count of the first plurality of cells
or the first plurality of malignancies minus one standard deviation of the
mean. [00036] A tenth non-limiting aspect of the present invention
contemplates a kit for providing a prognosis of a patient suffering from a
malignancy, said prognosis concerning the lethality of the malignancy,
comprising: a formula for determining the lethality of a malignancy based
on a Replikin Count in at least one cell of the malignancy. In a
non-limiting embodiment of the tenth aspect of the invention, the formula
in the kit is derived from a survey of a plurality of malignancies of a
first type of malignancy. In another non-limiting embodiment, the
malignancy is a glioblastoma malignancy, a thyroid malignancy, a prostate
malignancy, a breast malignancy, a urinary bladder malignancy, a uterine
corpus malignancy, a uterine cervixmalignancy, a colon malignancy, an
ovarian malignancy, a malignancy of the oral cavity, a lymphocytic leukemia
malignancy, a multiple myeloma malignancy, a gastric malignancy, or a
non-small cell lung carcinoma malignancy. In a non-limiting embodiment, the
kit comprises software containing the formula. [00037] An eleventh
non-limiting aspect of the present invention provides a method of
predicting the lethality of a first malignancy comprising: determining a
Replikin Count of a first malignancy performing a regression analysis with
the Replikin Count of a plurality of second malignancies versus the
lethality of the plurality of second malignancies; and predicting the
lethality of the first malignancy based on the regression analysis of the
plurality of second malignancies. In a non-limiting embodiment of the
eleventh aspect of the invention, the regression analysis of the plurality
of second malignancies is performed using the Replikin Count of each
individual second malignancy of the plurality of second malignancies and a
patient survival outcome for each individual second malignancy. In another
non-limiting embodiment, the patient survival outcome is a length of
survival of patient following diagnosis of the second malignancy. In
another non-limiting embodiment, the method is performed by a processor
wherein at least one representation of the prediction of lethality is
outputted to a user or display. [00038] Another non-limiting embodiment of
the eleventh aspect of the invention provides a 



machine-readable storage medium having stored thereon executable
instructions that, when executed by a processor, cause the processor to
provide sufficient data to a user, a display, or a printout such that said
user or a user of said display or said printout may predict the lethality
of a malignancy based on the regression analysis. Another non-limiting
embodiment provides a computer system, comprising: a processor coupled to a
network; a memory coupled to the processor, the memory containing a
plurality of instructions to perform the method of predicting the lethality
of a malignancy based on the regression analysis. BRIEF DESCRIPTION OF THE
DRAWINGS [00039] Figure 1 illustrates a quantitative relationship between
the concentration of Replikin peptides in the Replikin Peak Gene of
individual proteins associated with cancer cells of a plurality of common
human malignancies and five-year mortality rates for each of the plurality
of common human malignancies. Replikin Count was determined from the
highest ReplikinCount identified in a Replikin Peak Gene of sequences
surveyed at www.pubmed.com. The five-year mortality rates are as reported
in Brenner, H., "Long-term survival rates of cancer patients achieved by
the end of the 20th century: a period analysis," The Lancet, 360 (October
12, 2002), 1131-1 135. The lowest Replikin concentrations are seen in
thyroid cancer (15 Replikin sequences per 100 amino acids) and in prostate
cancer (20 Replikin sequences per 100 amino acids) and the lowest five-year
mortality rates are seen in thyroid cancer (2%) and prostate cancer (3%).
The highest Replikin concentrations are seen in non-small cell lung
carcinoma (250 Replikin sequences per 100 amino acids) and in glioblastoma
(324 Replikin sequences per 100 amino acids) and the highest five-year
mortality rates are seen in non-small cell lung carcinoma (92%) and
glioblastoma (99%). These data illustrate a relationship between Replikin
concentration in a given type of cancer and lethality in that type of
cancer as compared to the Replikin concentration and lethality in other
types of cancer. [00040] Figure 2 illustrates polynomial regression
analysis of the data presented in Figure 1 and in Table 1. The regression
formula provided by the regression analysis is y =0.0401x 2 - 1.3041x +
35.812 with an r2 value of 0.9089. [00041] Figure 3 illustrates a direct
sequential correlation between Replikin concentration of isolates of taura
syndrome virus (TSV) collected from Belize, Thailand, Hawaii and Venezuela,
respectively, and mean number of days to 50% mortality in Litopenaeus
vannamei shrimp challenged with the respective TSV isolates. Statistical
differences between the Replikin concentration for each isolate are
significant at a level of p<0.001. The data illustrated in Figure 3 are
described in Example 7 below. [00042] Figure 4 illustrates a direct
correlation between Replikin concentration in isolates of taura syndrome
virus (TSV) collected from Belize, Thailand, Hawaii and Venezuela,
respectively, and mean cumulative survival of Litopenaeus vannamei shrimp
at 15 days after challenge with respective TSV isolates. Statistical
differences between the Replikin concentrations for each isolate are
significant at a level of p<0.001 . The data illustrated in Figure 4 are
described in Example 7 below.DETAILED DESCRIPTION OF THE INVENTION
Definitions [00043] As used herein, a "Replikin Peak Gene (RPG)" means a
segment of a genome, protein, segment of protein, or protein fragment in
which an expressed gene or gene segment has a highest concentration of
continuous, non-interrupted and/or overlapping Replikin sequences (number
of Replikin sequences per 100 amino acids) when compared to other segments
or named genes of the genome. Generally, a whole protein or gene or gene
segment that contains the amino acid portion (or expressed amino acid
portion) having the highest concentration of continuous Replikin sequences
is also referred to as the Replikin Peak Gene. More than one RPG may be
identified within a gene, gene segment, protein, or protein fragment. An
RPG may have a terminal lysine or a terminal histidine, two terminal
lysines, or a terminal lysine and a terminal histidine. For diagnostic,
therapeutic and preventive purposes, an RPG may have a terminal lysine or a
terminal histidine, two terminal lysines, or a terminal lysine and a
terminal histidine, or may have neither a terminal lysine nor a terminal
histidine so long as the terminal 



portion of the RPG contains a Replikin sequence or Replikin sequences
defined by the definition of a Replikin sequence, namely, an amino acid
sequence having about 7 to about 50 amino acids comprising: (1) at least
one lysine residue located six to ten amino acid residues from a second
lysine residue; (2) at least one histidine residue; and (3) at least 6%
lysine residues. Further, for diagnostic, therapeutic, preventive and
predictive purposes, an RPG may include the protein or protein fragment
that contains an identified RPG. For predictive purposes, a Replikin Count
in the RPG may be used to identify relative rates of replication and/or
lethality. Likewise, the RPG may be used as an immunogenic compound or as a
vaccine. Whole proteins or protein fragments containing RPGs are likewise
useful for diagnostic, therapeutic and preventive purposes, such as, for
example, to be included in immunogenic compounds, vaccines and for
production of therapeutic or diagnostic antibodies. [00044] As used herein,
a "Replikin sequence" is an amino acid sequence of 7 to about 50 amino
acids comprising or consisting of a Replikin motif wherein the Replikin
motif comprises:(1) at least one lysine residue located at a first terminus
of said isolated peptide and at least one lysine residue or at least one
histidine residue located at a second terminus of said isolated peptide;
(2) a first lysine residue located six to ten residues from a second lysine
residue; (3) at least one histidine residue; and (4) at least 6% lysine
residues. For the purpose of determining Replikin concentration, a Replikin
sequence must have a lysine residue at one terminus and a lysine or a
histidine residue at the other terminus. For diagnostic, therapeutic, and
preventive purposes, a Replikin sequence may or may not have defined
termini. [00045] The term "Replikin sequence" can also refer to a nucleic
acid sequence encoding an amino acid sequence having about 7 to about 50
amino acids comprising: (1) at least one lysine residue located six to ten
amino acid residues from a second lysine residue; (2) at least one
histidine residue; and (3) at least 6% lysine residues, wherein the amino
acid sequence may comprise a terminal lysine and may further comprise a
terminal lysine or a terminal histidine. [00046] As used herein, the term
"peptide" or "protein" refers to a compound of two or more amino acids in
which the carboxyl group of one amino acid is attached to an amino group of
another amino acid via a peptide bond. As used herein, "isolated" or
"synthesized" peptide or protein or biologically active portion of a
peptide or protein refers to a peptide that is, after purification,
substantially free of cellular material or other contaminating proteins or
peptides from the cell or tissue source from which the peptide is derived,
or substantially free from chemical precursors or other chemicals when
chemically synthesized by any method, or substantially free from
contaminating peptides when synthesized by recombinant gene techniques or a
protein or peptide that has been isolated in silico from nucleic acid or
amino acid sequences that are available through public or private databases
or sequence collections. An "encoded" or "expressed" protein, protein
sequence, protein fragment sequence, or peptide sequence is a sequence
encoded by a nucleic acid sequence that encodes the amino acids of the
protein or peptide sequence with any codon known to one of ordinary skill
in the art now orhereafter. It should be noted that it is well-known in the
art that, due to redundancy in the genetic code, individual nucleotides can
be readily exchanged in a codon and still result in an identical amino acid
sequence. As will be understood by one of skill in the art, a method of
identifying a Replikin amino acid sequence also encompasses a method of
identifying a nucleic acid sequence that encodes a Replikin amino acid
sequence wherein the Replikin amino acid sequence is encoded by the
identified nucleic acid sequence. [00047] As used herein, "Replikin Count"
or "Replikin Concentration" refers to the number 



of Replikins per 100 amino acids in a protein, protein fragment, or genome
of a cell or virus. [00048] As used herein, the term "continuous Replikin
sequences" means a series of two or more Replikin sequences that are
overlapped or are directly covalently linked or are both overlapped and
directly covalently linked. [00049] As used herein, the term cancer "type"
refers to malignancies that share histology or origin. One of ordinary
skill in the art knows how to separate different malignancies by cancer
"type." Malignancies subject to aspects of the invention may be of the same
cancer type or of different cancer types. The malignancies may also be of
unknown type or may be metastatic and of known or unknown type. Many
cancers histologically diagnosed in a primary malignancy are of unknown
cancer type such as when a metastasis that is being examined has changed
and has become difficult or impossible to type by histological methods. In
such cases, the present methods of prediction are of use as an independent
method of predicting the relative rate of replication and lethality of
unknown and metastatic cancers. The methods of prediction of relative
replication rate and/or lethality disclosed herein provide a tool for
predicting the relative rate of growth, relative replication rate, and/or
relative lethality of malignancies that are of unknown type or of unknown
histological origin and/or are metastatic using the Replikin Count of any
malignancy whether of known or unknown cancer type. [00050] As used herein,
"homologous" or "homology" or "sequence identity" are used to indicate that
a nucleic acid sequence or amino acid sequence exhibits substantial
structural or functional equivalence with another sequence. Any structural
or functional differences between sequences having sequence identity or
homology will be de minimus; that is, they will not affect the ability of
the sequence to function as indicated in the desired application.
Differences may be due to inherent variations in codon usage among
different species, for example. Structuraldifferences are considered de
minimus if there is a significant amount of sequence overlap or similarity
between two or more different sequences or if the different sequences
exhibit similar physical characteristics even if the sequences differ in
length or structure. Such characteristics include, for example, the ability
to hybridize under defined conditions, or in the case of proteins,
immunological crossreactivity, similar enzymatic activity, etc. The skilled
practitioner can readily determine each of these characteristics by art
known methods. [00051] To determine the percent identity or percent
homology of two sequences, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in one or both of a first and a
second amino acid or nucleic acid sequence for optimal alignment and non
homologous sequences can be disregarded for comparison purposes). In a
preferred embodiment, at least 30%, 40%, 50%, 60%, 70%, 80%, or 90% or more
of the length of a reference sequence is aligned for comparison purposes.
The amino acid residues or nucleotides at corresponding amino acid
positions or nucleotide positions are then compared. When a position in the
first sequence is occupied by the same amino acid residue or nucleotide as
the corresponding position in the second sequence, then the molecules are
identical at that position (as used herein amino acid or nucleic acid
"identity" is equivalent to amino acid or nucleic acid "homology"). The
percent identity between the two sequences is a function of the number of
identical positions shared by the sequences, taking into account the number
of gaps, and the length of each gap, which need to be introduced for
optimal alignment of the two sequences. [00052] The comparison of sequences
and determination of percent identity and similarity between two sequences
can be accomplished using a mathematical algorithm. {Computational
Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York,
1988; Biocomputing: Informatics and Genome Projects, Smith, D. W., ed.,
Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part 1,
Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 1994;
Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press,
1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M
Stockton Press, New York, 1991). [00053] The nucleic acid and protein
sequences of the present invention can further be used as a "query
sequence" to perform a search against sequence databases to, for example, 



identify other family members or related sequences. Such searches can be
performed using theNBLAST and XBLAST programs (version 2.0) of Altschul et
al. (1990) J. MoI. Biol. 215:403- 10. BLAST nucleotide searches can be
performed with the NBLAST program. BLAST protein searches can be performed
with the XBLAST program to obtain amino acid sequences homologous to the
proteins of the invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in Altschul et al.
(1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and gapped
BLAST programs, the default parameters of the respective programs (e.g.,
XBLAST and NBLAST) can be used. [00054] As used herein a "vaccine" is any
substance, compound, composition, mixture, or other therapeutic substance
that, when administered to a human or animal via any method of
administration known to the skilled artisan now or hereafter, produces an
immune response, a humoral response, an antibody response, or a protective
effect in the human or animal. [00055] As used herein, the terms, "growth,"
"replication," "aggressiveness," and "lethality" are interchangeable for
the purposes of providing a prediction of the behavior of a malignancy. The
rate of growth, rate of replication, aggressiveness, or lethality of a
malignancy, for the purposes of providing predictions based on Replikin
concentrations, may be considered to correlate. Relative Rate of Growth,
Rate of Replication, and Lethality among Cancer Cells [00056] An embodiment
of predictive aspects of the present invention provides methods of
predicting the relative rate of growth, the relative rate of replication,
and/or the relative lethality of a first malignancy as compared to a second
malignancy or as compared to a plurality of malignancies comprising:
comparing a Replikin Count in the first malignancy with a Replikin Count in
the second malignancy or a mean, median, mode (or other average), range, or
other aggregating or segregating measure of Replikin Count in a plurality
of malignancies. The present invention further provides methods of
predicting relative rate of growth, relative rate or replication, and/or
relative lethality in a primary malignancy or metastatic malignancy,
whether such primary malignancy or metastatic malignancy is of known or
unknown type or origin. The Replikin Count is a measure of the Replikin
concentration of a malignancy and is the number of Replikin sequences
identified in the genome of the malignancy or in a segment of the genome of
the malignancy or identified in a protein or protein fragment of the
malignancy per 100 encoded or expressed amino acids. A malignancy having a
higher Replikin concentration has beendemonstrated to have a relatively
higher rate of replication or growth and relatively greater lethality. See
Figure 1. Likewise, a malignancy having a lower Replikin concentration has
been demonstrated to have a relatively lower rate of replication or growth
and relatively lower lethality. See id. [00057] An embodiment of the
present invention also provides Replikin peptides or Replikin Peak Genes
identified within the genome or within the expressed proteins of a cell
from at least one first malignancy wherein said malignancy is predicted to
have a higher rate of growth or replication or greater lethality than a
second malignancy or a higher rate of growth or replication or greater
lethality than a plurality of other malignancies. [00058] The relative rate
of growth, replication, or lethality of a malignancy may be predicted by
comparing the Replikin Count of a first malignancy to the Replikin Count of
a second malignancy. A cell from a first malignancy may have a higher or
lower Replikin Count than a cell from a second malignancy, a higher or
lower Replikin Count than a mean Replikin Count of a plurality of cells
from a single malignancy, a plurality of malignancies, a plurality of cells
from a single patient suffering from a malignancy (whether the malignant
cells are of known or unknown histology or origin), each of the plurality
of cells from a malignancy or a plurality of other malignancies, or a
plurality of cells from the plurality of other malignancies. Higher
Replikin Counts represent a higher rate of growth, replication, and/or
greater lethality. Lower Replikin Counts represent a lower rate of growth,
replication, and/or lower lethality. [00059] A first malignancy may be
predicted to have a higher rate of growth, replication, and/or a greater
lethality as compared to a plurality of other malignancies if a cell from
the first malignancy has a higher Replikin Count than cells from the
plurality of the other malignancies. 



A first malignancy may likewise be predicted to have higher growth,
replication, and/or lethality if a cell from the first malignancy has a
higher Replikin Count than the mean of the Replikin Counts of cells from
the plurality of the other malignancies or than a plurality of means of a
plurality of the other malignancies. [00060] A first malignancy may be
predicted to have a lower rate of growth, replication, and/or a lower
lethality as compared to a plurality of other malignancies if a cell from
the first malignancy has a lower Replikin Count than cells from the
plurality of the other malignancies. A first malignancy may likewise be
predicted to have lower growth, replication, and/or lethalityif a cell from
the first malignancy has a lower Replikin Count than the mean of the
Replikin Counts of cells from the plurality of the other malignancies or
than a plurality of means of a plurality of the other malignancies. [00061]
In an embodiment of a predictive method of the invention, the relative rate
of growth, relative rate of replication, or relative lethality of a
malignancy may be determined by comparing a Replikin Count of at least one
cell of a first malignancy to a Replikin Count of at least one other cell
of the first malignancy. The method may apply to a metastatic cell of a
first malignancy where the one other cell is a different metastatic cell of
the first malignancy, is a non-metastatic cell of the first malignancy, or
is a malignant cell of unknown origin within a patient suffering from the
first malignancy. [00062] The Replikin Count of a first malignancy may be
compared to a plurality of malignancies or to a mean or average of the
Replikin Count of a plurality of malignancies. The Replikin Count of a
first malignancy may also be compared to a plurality of means and/or
averages of the Replikin Count of a plurality of malignancies. [00063] A
mean, median, mode (or other average), range, or other aggregating measure
of Replikin Count may be used when analyzing a plurality of Replikin
Counts. Likewise, any other tool known to one of skill in the art now and
hereafter may be used to aggregate or segregate the Replikin Counts of
particular malignancies or particular cells within a malignancy. [00064]
The rate of growth, rate of replication, and/or lethality of a malignancy
or of a type of malignancy may be determined by any method known to one of
skill in the art now or hereafter. A rate of growth may be determined by,
for example, the rate of increase in volume of a tumor (or any other
measure of size including diameter, circumference, etc.), the rate of
increase in mass of a tumor, the rate of spread of a tumor, the rate of
metastasis of tumor, etc. A rate of replication may be determined by, for
example, any measure of the rate of growth as well as any measure of the
rate of increase in number of cells from a cell, or tumor, or mass of a
malignancy. A rate of lethality may be determined, for example, by any
measure of growth, or replication, or any measure of metastasis of a
malignancy, life expectancy with a malignancy, invasiveness of a
malignancy, or rate of death of a subject suffering from a malignancy. One
measure of lethality, among many other possible measures, is the five year
mortality rate.Computer Methods for Determining Relative Rate of Growth,
Rate of Replication, and Lethality among Cancer Cells [00065] A prediction
of the relative rate of growth, replication, and/or lethality of a
malignancy may be performed by a processor. A prediction may be output to a
user or display. Likewise, a particular Replikin peptide or Replikin Peak
Gene within a malignancy predicted to have a higher rate of growth,
replication or lethality may be output to a user or display. A
machine-readable storage medium may contain executable instructions that,
when executed by a processor, cause the processor to provide sufficient
data to a user, a printout, or a display such that the user or a user of
the printout or display may predict the relative rate of growth,
replication, or lethality of a malignancy. A process for predicting a
relative rate of growth may comprise: comparing a Replikin Count of at
least one first malignancy with a Replikin Count of at least one second
malignancy; and predicting the first malignancy to have a relative rate of
growth that is faster than the relative rate of growth of the second
malignancy if the Replikin Count of the first malignancy is greater than
the Replikin Count of the second malignancy. [00066] A computer system may
include a processor coupled to a network, and a memory coupled to a
processor, wherein the memory contains a plurality of instruction to
perform the 



methods of prediction discussed herein. [00067] A user of outputted data
from a processor, storage medium, machine-readable medium, or computer
system may include any person or any machine that records or analyzes the
outputted data. A display or printout may include any mechanism by which
data is outputted so that any person or any machine may record or analyze
the outputted data, including a printed document, a visual impulse, an
aural impulse, or any other perceivable impulse, a computer monitor, a set
of numbers, or any other display or printout of data including a digital
recording medium. [00068] Outputs of data may include an output of a
prediction of the relative growth rate, replication rate or lethality of a
malignancy, a plurality of malignancies, or a cell or plurality of cells of
a malignancy. Outputs of data may also include a Replikin Count or a number
or numbers sufficient for a user to determine a Replikin Count, any portion
or component of a cell of a malignancy or of a malignancy identified by a
processor as predicted to have a higher or lower rate of growth or
replication or a higher or lower lethality, including a Replikin peptide
ora Replikin Peak Gene of a malignancy, or any information that will assist
a user in providing a prediction concerning the relative rate of growth,
replication, and/or lethality of a malignancy or that will assist a user in
providing any portion or component of a cell or a malignancy identified by
a processor as predicted to have a higher or lower rate of growth or
replication or a higher or lower lethality. [00069] A representation of a
prediction of the relative rate of growth of a malignancy is outputted to a
user or to a display when any information is outputted to a user or display
that provides sufficient information for the user or a machine receiving
the output or display to determine or provide a prediction concerning the
relative rate of growth, replication, or lethality of a malignancy, a
plurality of malignancies, a cell of a malignancy, or a plurality of cells
of a malignancy. Sufficient information to provide a prediction includes
but is not limited to a Replikin Count, a prediction, a number or symbol or
image that signifies a prediction, a listing of a cell, malignancy or
symbol of a cell or malignancy that is predicted to have a lower or higher
rate of growth, replication or lethality, or any other piece of information
or collection of information to provide a user or display sufficient
information to determine or provide a prediction concerning the relative
rate of growth, replication, or lethality of a malignancy, a plurality of
malignancies, a cell of a malignancy, or a plurality of cells of a
malignancy . Predictions May Be Made by Comparing Cells from Cancer Types
that are the Same or Different in Histology or Origin, including Unknown
Cancer Types [00070] Malignancies subject to aspects of the invention may
be of the same cancer type or of different cancer types where cancer types
may be determined by histology, tissue origin, genetic makeup or anomaly,
biochemical makeup or structure, metastatic origin from a primary,
secondary, tertiary (or other) malignancy, by time or progression of a
malignancy, by anatomic position of a malignancy, or by any other method
known to one of skill in the art now or hereafter whereby the skilled
artisan may differentiate cancer type. Malignancies may also be of unknown
type or origin or may be metastatic and of known or unknown type or origin.
[00071] The methods of prediction of relative growth, replication, and/or
lethality disclosed herein provide a tool for predicting the relative rate
of growth, relative rate of replication, and/or relative lethality of
malignancies that are of unknown type or of unknown histological origin
and/or are metastatic using the Replikin Count of any malignancy whether of
known or unknowncancer type. Many cancers histologically diagnosed in a
primary malignancy are of unknown cancer type such as when a metastasis
that is being examined has changed and has become difficult or impossible
to type by histological methods. In such cases, the present methods of
prediction are of use as an independent method of predicting the relative
rate of replication and lethality of unknown and metastatic cancers.
[00072] An embodiment of the present invention provides a method of
predicting the relative rate of growth of at least one first malignancy of
an unknown or known type of malignancy comprising: comparing a Replikin
Count of the at least one first malignancy with a Replikin Count of at
least one second malignancy of an unknown type or of a different type of 



malignancy than the at least one first malignancy; and predicting the at
least one first malignancy has a relative rate of growth that is faster
than the relative rate of growth of the at least one second malignancy if
the Replikin Count of the at least one first malignancy is greater than the
Replikin Count of the at least one second malignancy. A further embodiment
of the present invention provides for a determination of the Replikin Count
of the at least one first malignancy and a Replikin Count of the at least
one second malignancy. The Replikin Count of a malignancy may be determined
in any portion of the genome or in any expressed protein or protein
fragment of the malignancy. Comparison of the Replikin Count of two
malignancies may be made between whole genomes of the malignancies, genome
fragments of the malignancies, or expressed proteins or protein fragments
of the malignancies. When Replikin Counts of individual cells or mean
Replikin Counts of pluralities of cells are compared, comparable fragments
of the genome or comparable expressed proteins or expressed protein
fragments of the cells may be compared. For example, the Replikin Count of
a particular expressed protein or of a Replikin Peak Gene of a particular
expressed protein or protein fragment in the individual cells may be
compared. [00073] The relative growth or replication rate or relative
lethality of a malignancy may be determined in any malignant cell,
malignant tissue or tumor, or any malignancy in a patient (human or animal)
suffering from a malignancy including a thyroid malignancy, a prostate
malignancy, a breast malignancy, a urinary bladder malignancy, a uterine
corpus malignancy, a uterine cervix malignancy, a colon malignancy, an
ovarian malignancy, a malignancy of the oral cavity, a lymphocytic leukemia
malignancy, a multiple myeloma malignancy, a gastricmalignancy, a non-small
cell lung carcinoma malignancy, a glioblastoma malignancy, or any other
kind of malignancy. [00074] Any Replikin Count in individual cells may be
compared. Over a mean Replikin Count, Replikin Counts of different sections
of the genome or different expressed proteins or protein fragments of
individual cells may be compared. With respect to mean Replikin Counts
determined from a plurality of cells, any available information providing
sequences of the genome or sequences of proteins or expressed protein
fragments of a malignancy or malignancies may be compared. Such information
may include sequencing of the genome of a malignancy, cDNA sequencing of a
malignancy, sequencing of mRNAs of a malignancy or any other nucleic acid
sequence of a malignancy. Such information may also include sequencing of
expressed proteins, protein fragments, or peptides of a malignancy . Such
information may further include in silico information providing nucleic
acid or amino acid sequences of a malignancy or malignancies including
research data, published journals, databases that contain sequence
information such as those found at www.pubmed.com, or any other source of
sequence information. [00075] In comparing Replikin Counts between
individual cells of a malignancy or cells from different malignancies or
cells from a primary malignancy and metastatic cells from the same
malignancy or unknown cancer cells in a patient suffering from a primary
malignancy, a Replikin Count may be a mean Replikin Count of a plurality of
cells of a malignancy, a mean Replikin Count of a plurality of cells of
different malignancies, a mean Replikin Count of a plurality of cells from
a primary malignancy and metastases of the malignancy, or unknown cancer
cells from a patient suffering from a malignancy. A Replikin Count may also
represent only a Replikin Count from a single cell in any one of the
malignancies discussed above and herein. One of ordinary skill in the art
would understand how to compare the Replikin Count of individual cells to
the mean Replikin Count of a plurality of cells or mean Replikin Counts
between different groupings of pluralities of cells. In an embodiment of a
predictive method of the invention, a mean Replikin Count of a plurality of
malignancies or a plurality of cells of a malignancy may be compared to a
Replikin Count of single cell of a malignancy or a mean Replikin Count of a
plurality of cells of various malignancies (including, for example,
metastases of a primary malignancy) or the same malignancy may be compared
to a mean Replikin Count ofa plurality of cells of various malignancies
(including, for example, metastases of a primary malignancy) or the same
malignancy. 



[00076] A plurality of malignancies may represent a survey of malignancies
of a particular type of cancer. A plurality may also represent a survey of
malignancies of unknown types of cancer. A plurality may also represent a
survey of malignancies of all types of cancer. Such surveys provide
baseline data for Replikin Counts and standard deviations from Replikin
Counts among malignancies of known, unknown, and all types of cancer. The
Replikin Counts with standard deviations may then be compared to a Replikin
Count from a specific malignancy. If the Replikin Count of a specific
malignancy is greater or less than that of a survey of cancers of the same
type, the specific malignancy may be predicted to have a higher or lower
rate of growth, rate of replication, or lethality, respectively, than the
mean, median, or other average rates of growth, replication or lethality of
the type of cancer. Likewise if the Replikin Count of a specific malignancy
is greater or less than that of a survey of cancers of unknown type, and
the specific malignancy is of known or unknown type, the specific
malignancy may be predicted to have a higher or lower rate of growth, rate
of replication, or lethality, respectively, than the mean, average, or
median rates of growth, replication or lethality of the unknown types of
cancer. Further, if the Replikin Count of a specific malignancy is greater
or less than that of a survey of cancers of all types, the specific
malignancy may be predicted to have a higher or lower rate of growth, rate
of replication, or lethality, respectively, than the mean, median, or other
average rates of growth, replication or lethality of all types of cancer
included in the survey. [00077] A survey may represent data collected from
any number of malignancies from one to as many malignancies as may be
included in the data set of survey. A survey may collect data on Replikin
Count as determined in any portion of the genome of cells of a malignancy
or any portion of the expressed proteins and protein fragments of the cells
of a malignancy . A survey may collect data on rate of growth or
replication of a malignancy, rate of expansion of volume or other measure
of size of a tumor of a malignancy, rate of increase in mass of a tumor of
a malignancy, lethality of a malignancy including time to death or percent
mortality at a specific time of a malignancy. A survey may likewise collect
any data understood now or hereafter byone of skill in the art to reflect
on Replikin sequences present in a malignancy and/or rates of growth,
replication, and/or lethality of a malignancy. [00078] One aspect of a
survey provides baseline data against which a Replikin Count of an
individual malignancy or a plurality of malignancies may be compared to
predict the rate of growth, replication, or lethality of a malignancy or
group of malignancies. [00079] The relative rate of growth of a cell or a
tissue in which a Replikin Count (or a plurality of Replikin Counts) has
been determined may be compared to the relative rate of replication of the
cell or tissue. As is understood by one of ordinary skill in the art, the
relative rate of growth and the relative rate of replication of a
malignancy may also be correlated with the relative lethality of a
malignancy . As such, an embodiment of a method of prediction of the
present invention provides methods of predicting or determining the
relative rate of growth of a malignancy, the relative rate of replication
of a malignancy, or the relative lethality of a malignancy. [00080] In a
further embodiment, the first malignancy may be a primary malignancy and
the relative rate of growth, the relative rate of replication, and/or the
relative lethality of the primary malignancy is compared to any said second
malignancy. In a further embodiment, the first malignancy may be a primary
malignancy and the second malignancy may be a metastatic malignancy. In a
further embodiment, the primary malignancy and the metastatic malignancy
(or two metastatic malignancies) may be compared to yet another malignancy
or plurality of malignancies. [00081] A method of predicting the relative
replication rate or relative lethality of a malignancy may predict the
relative replication rate or relative lethality of any malignancy or group
of malignancies of a certain cancer type or any malignancy or group of
malignancies of an unknown type so long as the individuals of the group of
malignancies share similar, or otherwise aggregatable or segregatable
Replikin concentrations in their genome, in a segment of their 



genome, in a protein or proteins, or in a fragment or fragments of a
protein or a plurality of their proteins. A method of predicting may be
applied to a thyroid malignancy, a prostate malignancy, a breast
malignancy, a urinary bladder malignancy, a uterine corpus malignancy, a
uterine cervix malignancy, a colon malignancy, an ovarian malignancy, a
malignancy of the oral cavity, a lymphocytic leukemia malignancy, a
multiple myeloma malignancy, a gastric malignancy, anon-small cell lung
carcinoma malignancy, a glioblastoma malignancy, or any human or animal
malignancy wherein the Replikin Count of the malignancy is known or may be
known or may be established by methods herein described. Replikin Counts in
Replikin Peak Genes Predict Relative Rates of Growth and Relative Lethality
[00082] Replikin concentration in a malignancy may be determined in the
Replikin Peak Gene of a malignancy. The Replikin Peak Gene of a malignancy
is the segment of a genome, protein, or protein fragment of a malignancy
that has a highest concentration of continuous, noninterrupted and/or
overlapping Replikin sequences as compared to other segments of the genome
of the malignancy or as compared to expressed proteins or protein fragments
of the malignancy. [00083] When comparing the Replikin Count of a first
malignancy to the Replikin Count of a second malignancy, the Replikin Count
of a Replikin Peak Gene of the first malignancy may be compared to the
Replikin Count of a Replikin Peak Gene of the second malignancy. The
Replikin Peak Gene may be a genome segment, a protein, or a protein
fragment. The Replikin Count of a first malignancy may also be compared to
a plurality of malignancies or to a mean or average of the Replikin Count
of a plurality of malignancies. The Replikin Count of a first malignancy
may also be compared to a plurality of means or other averages or methods
of aggregation or segregation of the Replikin Count of a plurality of
malignancies. [00084] A prediction of the relative rate of growth,
replication, or lethality of a malignancy may be performed by a processor.
A prediction may be output to a user or display. Likewise, a particular
Replikin peptide or Replikin Peak Gene within a malignancy that is
predicted to have a higher rate of growth, replication or lethality may be
output to a user or display. [00085] An embodiment of a predictive method
of the present invention provides a method of predicting the relative rate
of growth, relative rate of replication, or the relative lethality of a
first malignancy as compared to a second malignancy or as compared to a
plurality of other malignancies comprising (1) identifying some or all
Replikin sequences in the genome, in a protein, or in a protein fragment of
a first malignancy, (2) identifying some or all Replikin sequences in the
genome, in a protein, or in a protein fragment of the second malignancy or
in the genome, in a protein, or in a protein fragment of each of a
plurality of other malignancies, (3) determining a Replikin Count of the
segment of the genome, of the protein, or of the proteinfragment of the
first malignancy that has the highest concentration of continuous
non-interrupted and/or overlapping Replikin sequences when compared to
other segments of the genome, proteins, or protein fragments of the first
malignancy, (4) determining a Replikin Count of the segment of the genome,
of the protein, or of the protein fragment of the second malignancy or of
each of the plurality of other malignancies that has or have the highest
concentration of continuous non-interrupted and/or overlapping Replikin
sequences when compared to other segments of the genome, proteins, or
protein fragments of the second malignancy or of each of the plurality of
other malignancies, (5) identifying the first malignancy as having a higher
Replikin Count than the second malignancy or than each of the plurality of
other malignancies, and (6) predicting the first malignancy to have a
relatively higher rate of replication or a relatively greater lethality
than the second malignancy or than the plurality of other malignancies.
Methods of Comparing Relative Lethality of Cancer Cells, Tissues, or Types
[00086] An embodiment of predictive methods of the present invention
provides a method of predicting the relative replication and/or relative
lethality of a first type of malignancy comprising (1) analyzing publicly
available nucleotide or amino acid sequences of at least a first type and a
second type of malignancy published at www.pubmed.com, (2) determining the
Replikin Count for each accession number with a nucleotide or amino acid
sequence isolated 



from the first and at least the second type of malignancy, (3) determining
the mean Replikin Count for all data for the first type and at least the
second type of malignancy in a given year for which accession numbers are
available, (4) selecting at least one year in which the mean Replikin Count
for the first malignancy is notably higher, preferably statistically
higher, than other years, (5) selecting at least one year in which the mean
Replikin Count for at least the second malignancy is notably higher,
preferably statistically higher, than other years, (6) identifying the
Replikin Peak Gene of each published sequence in the selected year or years
for the first malignancy and identifying the Replikin Peak Gene of each
published sequence in the selected year or years for the second malignancy,
(7) determining the concentration of Replikin sequences for each identified
Replikin Peak Gene, (8) selecting the highest Replikin Count as the
representative highest Replikin Count for the first malignancy and for at
least the second malignancy, and (9) predicting the first malignancy to
have a higher growth rate, replication rateand/or greater lethality than at
least the second malignancy if the selected highest Replikin Count of the
first malignancy is greater than the highest Replikin Count of at least the
second malignancy or predicting the first malignancy to have a lower growth
rate, replication rate and/or less lethality than at least the second
malignancy if the selected highest Replikin Count of the first malignancy
is lower than the highest Replikin Count of at least the second malignancy.
In a further embodiment, the predicted lethality of the first and at least
second malignancies is a fiveyear mortality rate. [00087] Figure 1
illustrates a quantitative relationship between the concentration of
Replikin peptides in the Replikin Peak Gene of individual proteins
associated with cancer cells of different common human malignancies and
five-year mortality rates of the different common human malignancies.
Replikin Count was determined from the highest Replikin Count identified in
a Replikin Peak Gene of sequences surveyed at www.pubmed.com after
initially selecting for further analysis (1) those years in which the mean
Replikin Counts were the highest, and from those years, (2) those sequences
having the highest mean Replikin Count among all available sequences. The
five-year mortality rates are as reported in Brenner, H., "Long-term
survival rates of cancer patients achieved by the end of the 20th century:
a period analysis," The Lancet, 360 (October 12, 2002), 1131-1 135. The
lowest Replikin concentrations are seen in thyroid cancer (15 Replikin
sequences per 100 amino acids) and in prostate cancer (20 Replikin
sequences per 100 amino acids) and the lowest five-year mortality rates are
seen in thyroid cancer (2%) and prostate cancer (3%). The highest Replikin
concentrations are seen in nonsmall cell lung carcinoma (250 Replikin
sequences per 100 amino acids) and in glioblastoma (324 Replikin sequences
per 100 amino acids) and the highest five-year mortality rates are seen in
non-small cell lung carcinoma (92%) and glioblastoma (99%). A quantitative
progression is seen in relative lethality of each cancer type as compared
to the analyzed Replikin Count of each cancer type. [00088] The data for
gastric cancer in Figure 1 demonstrate a higher mortality rate than would
be expected from Replikin Count alone as compared to other malignancies.
This higherthan- expected mortality rate may be due to a world-wide
recognized problem of late detection in gastric cancer. Likewise, the data
for urinary bladder cancer and breast cancer in Figure 1 demonstrate a
lower mortality rate than would be expected from Replikin Count alone
ascompared to other malignancies. The lower-than-expected mortality rate
for urinary bladder may be due to art-recognized early detection in bladder
cancer. The lower-than-expected mortality rate for breast cancer may
similarly be due to increased screening for breast cancer, which results in
relatively earlier detection. Breast cancer mortality rate has been
decreasing as screening has increased over the past decades. [00089] The
data in Table 1 below reflect the data in Figure 1 and demonstrate a
quantitative relationship between Replikin Count in the Replikin Peak Gene
of the genome of common types of human cancer and five-year mortality in
that cancer as reported in Brenner, H., "Long-term survival rates of cancer
patients achieved by the end of the 20th century: a period analysis," The
Lancet, 360 (October 12, 2002), 1131-1 135. The discovery of the relation
of Replikin sequences to rapid replication as reflected in Table 1 offers a
new approach and 



provides means to inhibit rapid replication and resulting lethality in
cancers in animals and humans. Table 1 [00090] Overall, the data in Table 1
and Figure 1 provide an illustration of a quantitative relationship between
Replikin concentration in a given type of cancer and lethality in that type
ofcancer as compared to the Replikin concentration and lethality in other
types of cancer. The data in Figure 1 also provide further support for a
general association between Replikin concentration and lethality within a
particular type of cancer (such as, for example, lung cancer) as described
in U.S. Patent Appln. Ser. No. 12/010,027, filed January 18, 2008. [00091]
The association seen in Figure 1 is surprising to one of ordinary skill in
the art because the Replikin Count in these disparate human malignancies is
quantitatively related to mean five-year mortality of sufferers of the
malignancies even though the malignancies would be expected to have notable
differences in disease progression and even though mortality outcomes are
significantly dependent upon multiple variables including time of detection
and efficacy of disparate treatments. Despite the expected significant
differences in time of detection and efficacy of treatment across the
population surveyed by Brenner {Lancet 2002), the Replikin concentration in
these different human malignancies emerges as a significant variable that
quantitatively relates to the mean mortalities reported therein. Standard
Deviation Measures Change in Rate of Growth [00092] When a mean Replikin
Count is determined within a plurality of cells of a malignancy, a larger
standard deviation in the mean demonstrates that Replikin Count is changing
within the malignancy. These changes within the malignancy point to an
increase in the relative rate of growth by demonstrating that certain cells
within the malignancy have a relatively higher rate of replication and will
be expected to increase the overall rate of growth of the malignancy.
[00093] An embodiment of a predictive method of the present invention
provides a method of predicting the relative rate of growth of a malignancy
comprising: determining the standard deviation of the mean Replikin Count
of a plurality of cells of a first malignancy, of a plurality of cells of a
metastatic malignancy or a plurality of metastatic malignancies from a
patient suffering from a first malignancy, or of a combination of cells of
a primary first malignancy and a metastatic malignancy or a plurality of
metastatic malignancies of the first malignancy; and determining that the
standard deviation of the mean of the first malignancy is relatively larger
than the standard deviation of the mean Replikin Count of at least one
other malignancy or plurality of malignancies. A standard deviation may be
compared between malignancies of the same type or of different types or of
metastases within a single patient suffering from amalignancy or between
different patients suffering from malignancy. A standard deviation may also
be compared between a malignancy, a plurality of malignancies, or a
plurality of cells of a malignancy to the standard deviation of a survey of
malignancies of the same type, a different type, unknown type, or all types
of malignancy. [00094] The standard deviation may be considered relatively
large if the standard deviation from the mean Replikin Count is 50% or more
of the mean, 40% or more of the mean, 30% or more of the mean, 20% or more
of the mean, 10% or more of the mean, 5% or more of the mean, 2% or more of
the mean, 1% or more of the mean, 0.5% or more of the mean, or any
difference from the mean understood by one of ordinary skill in the art to
demonstrate that the population from which the cancer cells in which
Replikin Counts have been determined has a changing concentration of
Replikin peptides that points to an increase in Replikin Counts within the
populations and, as a result, an increase in the rate of growth, rate of
replication, or lethality of the cancer cell population. [00095] In an
embodiment, a mean Replikin Count with standard deviation may represent a
plurality of metastatic cells of the first malignancy. A Replikin Count
with standard deviation may also represent a plurality of different
metastatic cells of the first malignancy, a plurality of non-metastatic
cells of the first malignancy, or a plurality of malignant cells of unknown
type from a patient suffering from the first malignancy (or any combination
thereof). The Replikin 



Count of a single cell or a plurality of cells may be compared with a
Replikin Count of a single cell or a plurality of cells. A cell or
plurality of cells may be predicted to have a greater rate of growth, a
greater rate of replication, or a greater lethality than another cell or
plurality of cells if the Replikin Count of said cell or malignancy is
greater than the mean Replikin Count of the other cell or plurality of
cells plus the standard deviation of the mean. [00096] A plurality of cells
may also be predicted to have a greater increase in rate of growth, a
greater increase in rate of replication, or a greater increase in lethality
than another plurality of cells if the standard deviation of the mean
Replikin Count of the plurality of cells is greater than the standard
deviation of the mean Replikin Count of the other plurality of cells.
[00097] Mean Replikin Counts with standard deviation may be determined with
a relatively small or large number of cells isolated from a malignancy, may
be determined from a relatively small or large number of cells isolated
from a plurality of malignancies of the same or similartype, or may be
determined from a relatively small or large number of cells isolated from a
plurality of cancer types. Replikin Counts with standard deviation may be
established from cells isolated from malignancies of the same or similar
histological types in a plurality of patients or from malignancies of
different histological types in a plurality of patients. A baseline control
for Replikin Count and for standard deviation may represent Replikin Counts
from a broad collection of malignancies from a broad collection of patients
in a particular type of cancer or in all types of cancer. Such controls
provide the ordinary skilled artisan with baseline numbers for Replikin
Counts and standard deviations in Replikin Counts. Surveys of malignancies
are one method of providing such controls. Predicting Expansions of
Malignancies [00098] One aspect of the present invention provides methods
of predicting expansions of malignancies using a Replikin Count Expansion
Index. In one embodiment of this aspect of the invention, an expansion of a
malignancy (of known or unknown type) or of a metastasis of a malignancy
(of known or unknown type) is predicted by (1) determining a mean Replikin
Count and a standard deviation from the mean Replikin Count for a plurality
of cells of a first malignancy for a first time period in a first anatomic
region, (2) determining a Replikin Count of at least one malignant cell
(whether primary, metastatic, or unknown) in the body of the patient
suffering from said malignancy at a second time period and/or in a second
anatomic region or determining a Replikin Count in at least one malignant
cell (whether primary, metastatic, or unknown) in the body of a different
patient suffering from a second malignancy, and (3) predicting an expansion
of the malignancy at the second time period and/or in the second anatomic
region or the second malignancy in body of the different patient if the
Replikin Count of the at least one malignant cell from the second time
period and/or a second anatomic region or the at least one malignant cell
from the body of a different patient is greater than one standard deviation
of the mean of the Replikin Count of the plurality of cells from the first
time period in the first anatomic region. [00099] In another embodiment of
the aspect of the invention, an expansion of a malignancy (of known or
unknown type) or of a metastasis of a malignancy (of known or unknown type)
is predicted by (1) determining a mean Replikin Count and a standard
deviation from the mean Replikin Count for a plurality of cells of a first
malignancy or a plurality of first malignancies,(2) determining a Replikin
Count of at least one malignant cell (whether primary, metastatic, or
unknown) in the body of a patient suffering from a second malignancy, and
(3) predicting an expansion of the second malignancy if the Replikin Count
of the at least one malignant cell from the second malignancy is greater
than one standard deviation of the mean of the Replikin Count of the
plurality of cells of the first malignancy or the plurality of first
malignancies. [000100] In the above-described methods, at least one cell of
the malignancy from a second time period and/or second anatomic region or
from a second malignancy may be a plurality of cells from the second time
period and/or second anatomic region or from the second malignancy. In this
case, the Replikin Count of each cell of the plurality of cells from the
second time period and/or second anatomic region or from the second
malignancy is compared separately to one standard deviation of the mean of
the Replikin Count of the plurality of cells from the first time 



period in the first anatomic region or from the first malignancy. [000101]
An expansion of the malignancy isolated in the second time period and/or
second anatomic region or in the second malignancy may also be predicted if
the number of Replikin Counts of a plurality of cells from the second
period and/or second anatomic region or second malignancy that is greater
than the mean Replikin Count of the first malignancy plus one standard
deviation of the mean is greater than the number of Replikin Counts of said
plurality of cells from the second period and/or second anatomic region or
second malignancy that is less than the mean Replikin Count of the first
malignancy minus one standard deviation of the mean. [000102] An anatomic
region of a malignancy or cell of a malignancy is any region of a body of a
subject that suffers from a malignancy from which a malignancy, cell of a
malignancy, or portion or component of a cell of a malignancy may be
identified or isolated. A region may include the entire body of a subject.
A region may also be limited to a general region of a body of a subject,
such as the thorax, the neck, the knee, the toe, or the leg, may be limited
to an organ of a subject, such as the eye, the liver, the skeleton, the
blood vessels, or the pancreas of a subject, may be limited to a part of an
organ of a subject, may be limited to a particular tissue of a subject, or
may be limited to any region of the subject understood by one of skill in
the art to provide helpful information in categorizing a malignancy or a
cell of a malignancy. [000103] A time period in which a Replikin Count is
determined for a malignancy, a plurality of malignancies, a cell of a
malignancy, or a plurality of cells of a malignancy may be any timeperiod
available to one of skill in the art that is helpful for categorizing a
malignancy or the cell of a malignancy. For example, a time period may be
prior to surgical removal and another time period may be after surgical
removal, a time period may be before, during, or after a therapy such as
chemotherapy, radiation, or biological therapy, a time period may be a
specific day, a specific week, a specific month, or a specific year of a
malignancy in a subject. A time period is any time period that is
understood by one of skill in the art to provide helpful information in
categorizing, following, diagnosing, or providing prognosis for a
malignancy. [000104] The method may also employ a ratio of the number of
Replikin Counts that are greater than one standard deviation of the mean
divided by the number of Replikin Counts that are less than one standard
deviation of the mean. The ratio is called a Replikin Count Expansion Index
(RCE Index). Another way to determine the RCE Index is to divide the
percent of Replikin Counts in a plurality of cells grouped by time and/or
anatomic region that are higher than one standard deviation of the mean by
the percent of Replikin Counts that are lower than one standard deviation
of the mean. An RCE Index may be used to quantify the future risk of an
expansion of a malignancy by tracking Replikin Counts in malignant cells in
a patient suffering from malignancy over time. [000105] In determining a
RCE Index, the mean Replikin Count of the plurality of cells from the first
time period and first anatomic region is considered a control. A control
population preferably has a relatively large number of cells with
relatively small variability in the Replikin Count of the cells, but any
population may be deemed a control when a comparison between the control
and a related cell or plurality of cells is desired. A control may be
related to the population of cells that is being studied. [000106] For
example, if glioma is being studied, the mean Replikin Count with standard
deviation of a plurality of cells from the initial biopsy may be compared
to Replikin Counts in a plurality of cells from the removed tumor or to
Replikin Counts in cells from a metastatic tumor. [000107] A control may
also be established from cells isolated from malignancies of the same or
similar histological types in a plurality of patients or from malignancies
of different histological types in a plurality of patients. A control may
represent Replikin Counts from a broad collection of malignancies from a
broad collection of patients in a particular type of cancer, in all types
of cancer, or in unknown types of cancer. Such controls provide the
ordinaryskilled artisan with baseline numbers for Replikin Counts and
standard deviations in Replikin Counts. [000108] In determining an RCE
index, any measure of Replikin concentration may be used. Replikin Count
may reflect the concentration of Replikin peptides identified encoded in
the 



genome of a cell. Replikin Count may also reflect the concentration of
Replikin peptides identified in the expressed proteins of a cell or in at
least one protein or protein fragment of a cell. Replikin Count may also
reflect the concentration of Replikin peptides identified in a Replikin
Peak Gene of a cell. [000109] Any Replikin peptide, Replikin Peak Gene,
protein, protein fragment, or nucleic acid sequence encoding any Replikin
peptide, Replikin Peak Gene, protein, or protein fragment in a cell
predicted by the methods of the invention to be expanding may be used for
diagnostic, therapeutic, and/or preventive purposes. Further, a vaccine may
be manufactured by identifying a portion of the structure or genome of a
cell predicted to expand in population and using that portion in a vaccine
composition. [000110] Methods of the invention also provide methods of
predicting a decrease in aggressiveness and/or lethality of a malignancy
and/or predicting a contraction of a malignancy wherein a Replikin Count of
at least one cell of a malignancy from a second time period and/or second
anatomic region is less than one standard deviation of the mean of the
Replikin Count of a plurality of cells from a first time period and first
anatomic region. A decrease in aggressiveness may also be predicted where
the number of Replikin Counts of a plurality of cells from a second time
period and/or a second anatomic region that are greater than one standard
deviation of the mean is less than the number of Replikin Counts less than
one standard deviation of the mean. A decrease or contraction is predicted
if the ratio of the Replikin Count Expansion Index is less than one.
[000111] When a population contains cells with Replikin Counts above one
standard deviation of the mean of a control and does not contain cells with
Replikin Counts below one standard deviation of the mean of the control,
the ratio of the RCE Index is considered to have a denominator of one to
avoid an index of infinity. [000112] In determining a Replikin Count
Expansion Index, Replikin Counts from Replikin Peak Genes may be analyzed
from anatomic regions in a given time period (such as at initialbiopsies or
removal of tumors). Within a patient at a particular time, there may be a
range of values. The ordinary skilled artisan may select a mean Replikin
Count as a control from the range of values. [000113] When comparing the
Replikin Count of an individual cell or related group of cells to a
control, all Replikin Count values within the group of related cells that
fall within one standard deviation of the mean may be treated as a group.
Additionally, all values that fall outside the range of one standard
deviation from the mean may be treated as two outlying groups. A first
group is the group of Replikin Counts that are greater than the mean plus
one standard deviation. A second group is the group of Replikin Counts that
are less than the mean minus one standard deviation. Because higher
Replikin Counts are associated with an expansion of the malignancy and
lower Replikin Counts are associated with a decrease in the rate of growth
of the malignancy, the ratio of the percent of isolates having Replikin
Counts above mean plus one standard deviation to the percent of isolates
having Replikin Counts below the mean minus one standard deviation provides
a quantitative index of the viability and expansion of the malignancy. The
index provides a snapshot of current status of the cancer cell population
and the propensity for change in that population. If the ratio is greater
than one, the RCE Index predicts an expanding population. If the ratio is
less than one, the RCE Index predicts a reduction in growth of the
population. Conserved Replikin Peptides in Cancer Provide Diagnostic and
Therapeutic Targets [000114] Replikin sequences have been observed to be
conserved in human cancers generally (and in many pathogenic organisms and
viruses) and an increase in concentration of expressed proteins containing
Replikin sequences has been observed in cancer as replication increases.
See, e.g., discussion of malignin production in a range of cancer types in
U.S. Appln. Ser. No. 12/010,027, filed January 18, 2008. In viruses and
trypanosomes, cycles of a comparable excess in the Replikin Count have also
been related quantitatively to lethality in Taura Syndrome virus in shrimp
as well as influenza H5N1 virus in birds and humans, Pl. falciparum malaria
in 



humans, and other human viruses. See, e.g., U.S. Appln. Ser. No.
12/108,458, filed April 23, 2008, U.S. Appln., Ser. No. 12/010,027, filed
January 18, 2008, and U.S. Provisional Appln. Ser. No. 61/054,010, filed
May 16, 2008. This quantitative relationship has successfully been used to
predict differences in lethality. See, e.g., U.S. Appln. Ser. No.
12/108,458, filed April 23, 2008,U.S. Appln., Ser. No. 12/010,027, filed
January 18, 2008, and U.S. Provisional Appln. Ser. No. 61/054,010, filed
May 16, 2008. Likewise, concentration of Replikin sequences in viral
genomes has been shown to increase prior to strain-specific outbreaks of
the viruses and increased mortality has been associated with increases in
Replikin Count in SARS coronavirus, in influenza, in H5N1 bird flu, and in
many other viral and non-viral pathogens. See id. As such, the findings in
both infectious diseases and cancer suggest that regardless of the vector
and the host, Replikin sequences in the genome are quantitative markers of
the degree of lethality produced in the host. Replikin sequences, however,
have not been associated in growth, replication, and lethality in
malignancies of different types or of unknown types or across malignancies
that do not share specific histology or type. [000115] Additionally,
Replikin peptide sequences by themselves have been demonstrated to be
non-toxic when administered to animals for the purpose of stimulating the
immune system. See, e.g., Examples 6 and 7 of U.S. Appln. Ser. No.
11/355,120, filed February 16, 2006. Further, a specific Replikin peptide
vaccine was found to be 91% protective against lethal Taura Syndrome virus
when administered to shrimp, see U.S. Appln. Ser. No. 12/108,458, filed
April 23, 2008, and a vaccine containing a combination of twelve specific
Replikin peptides from a low-pathogenic strain of H5N1 influenza virus was
found to provide a protective effect and to block both infection and
excretion of virus in vaccinated chickens subjected to challenge with the
same strain of low-pathogenic H5N1. See U.S. Appln. Ser. No. 12/429,044,
filed April 23, 2009. [000116] In cancer, vaccines containing Replikin
sequences are likewise effective. For example, peptide sequences from brain
cancer, breast cancer, and lymphomas that contain a Replikin sequence each
induced production of antimalignin antibodies when administered to animals.
The antimalignin antibodies that are produced 1) are demonstrated to be
cytotoxic to cancer cells in low doses (picomoles per cell), 2) are
demonstrated to increase in concentration in the serum of healthy humans as
age and risk of cancer increase, and 3) are quantifiable in serum as an
approved test for the early detection of first occurrence and recurrence of
malignancies (AMAS(r) test available from Oncolab, Inc., Boston, MA). See,
e.g., U.S. Patent No. 7,381,41 1, issued June 3, 2008, incorporated by
reference herein in its entirety. [000117] Replikin peptide vaccines may be
produced by sequencing cancer cell proteins or expressed cancer cell genes,
or identifying specific Replikin peptide sequences in the expressedcell
proteins, and using the identified Replikin peptide sequences as a basis
for production of synthetic cancer vaccines comprising the identified
Replikin peptide sequences (service available through Replikins LLC,
Boston, MA). Concerning cancer vaccines, Replikin peptide sequences are
preferred as vaccines over DNA-based vaccines because of the recent
demonstration in C. elegans that DNA can be incorporated into the genome of
a vaccinated subject and may be reproduced in later generations with
unknown consequences. [000118] An embodiment of one aspect of the present
invention provides an isolated or synthesized Replikin peptide or Replikin
peptides or Replikin Peak Gene or Peak Genes for diagnostic, therapeutic,
and/or preventive purposes identified in a malignancy that is predicted to
have a higher rate of growth or rate of replication or greater lethality
than a second malignancy or than a plurality of other malignancies. In a
non-limiting embodiment of an aspect of the present invention, a Replikin
peptide is identified in the segment of the genome of the malignancy, of
the protein of the malignancy, or of the protein fragment of the malignancy
that has the highest concentration of continuous, non-interrupted and/or
overlapping Replikin sequences when compared to other segments of the
genome of the malignancy, other proteins of the malignancy, or other
protein fragments of the malignancy. Another embodiment of one aspect of
the invention provides an isolated or synthesized Replikin Peak Gene
identified in a malignancy that is predicted to have a higher replication
rate or greater lethality than a second malignancy or than a plurality of
malignancies. The Replikin Peak Gene of the invention may be 



used for diagnostic, therapeutic, preventive, and predictive purposes.
[000119] Another embodiment of an aspect of the invention provides Replikin
peptides or Replikin Peak Genes for diagnostic, therapeutic, and/or
preventive purposes identified in a thyroid malignancy, a prostate
malignancy, a breast malignancy, a urinary bladder malignancy, a uterine
corpus malignancy, a uterine cervix malignancy, a colon malignancy, an
ovarian malignancy, a malignancy of the oral cavity, a lymphocytic leukemia
malignancy, a multiple myeloma malignancy, a gastric malignancy, a
non-small cell lung carcinoma malignancy, or a glioblastoma malignancy.
Replikins in Diagnostics and Therapies [000120] Identified Replikin
peptides and Replikin Peak Genes are also useful where a malignancy is
predicted via analysis of Replikin concentration to have a relatively
higher orlower rate of replication and/or a greater or lower lethality than
another malignancy or wherein a primary malignancy is predicted via
analysis of Replikin concentration to have a relatively higher or lower
rate of replication or relatively greater or lower lethality than its
metastases. [000121] One embodiment of an aspect of the invention provides
a method of making a composition comprising at least one component of at
least one first malignancy where the first malignancy is predicted
according to methods described herein to have a relative rate of growth,
replication, or lethality that is greater or less than a second malignancy.
The at least one component may comprise any antigenic portion of a cell of
the malignancy. The component may likewise comprise at least one Replikin
peptide identified in the malignancy or at least one Replikin Peak Gene
identified in the malignancy or a combination of Replikin peptides and/or
Replikin Peak Genes. A Replikin peptide or Replikin Peak Gene may be
isolated from a malignancy predicted to have a greater or lower rate of
growth, replication, or lethality. A Replikin peptide or Replikin Peak Gene
may likewise be synthesized. [000122] A composition comprising a component
of at least one first malignancy may be an immunogenic composition. The
composition may be a vaccine or may be comprised in a vaccine. A vaccine
may produce an immune response, an antibody response, and/or a protective
effect when administered to a subject. The composition may further be
combined with a pharmaceutically acceptable carrier or adjuvant or both.
[000123] Replikin peptides identified in a malignancy that is relatively
more lethal are useful for diagnostic, therapeutic, and preventive purposes
with respect to relatively more lethal malignancies. See, e.g., U.S. Patent
Appln. Ser. No. 12/010,027, filed January 18, 2008, ¶¶ 2 11- 218. For
example, a Replikin peptide or a Replikin Peak Gene identified in a
relatively more lethal malignancy is useful as a peptide to stimulate the
immune system of a human or animal to produce an immune response against
malignancies of the type of cancer in which the Replikin peptide was
isolated or against other lethal cancers or to produce antibodies against
cancers predicted to have higher lethality. One of ordinary skill in the
art will recognize that antibodies against these malignancies are useful
for diagnosing malignancies of higher lethality in a subject or are useful
as therapies against the malignancy or against malignancies of the same or
different type or against recurrence of the malignancy in a patient that
has suffered from the malignancy. Antibodies against Replikin peptides or
Replikin Peak Genes identified in a relatively morelethal malignancy
provide a tool for diagnosing or attacking structures in malignancies that
are particularly related to rapid replication and/or lethality in a
particular malignancy, in a group of malignancies, or in malignancies
generally. [000124] Likewise, Replikin peptides identified in relatively
lethal malignancies that are conserved in other malignancies or conserved
in relatively lethal malignancies are useful as compounds for diagnostic,
therapeutic, and preventive purposes. As such, these conserved Replikin
peptides are of use as compounds or in compositions for stimulating the
immune system of a subject to produce an immune response, an antibody
response, and/or a protective effect in the subject. [000125] Because
Replikin sequences and Replikin Peak Gene sequences are chemically defined,
the sequences may be synthesized by organic chemistry or biological
techniques. Replikin sequences synthesized by organic chemistry may be
particularly specific, highly 



reproducible, and highly reliable as compared to other vaccines and
therapies. Chemically defined Replikin sequences are likewise potentially
freer from adverse reactions characteristic of biologically derived
vaccines and antibodies. [000126] An embodiment of an aspect of the
invention further contemplates use of Replikin peptides and/or Replikin
Peak Genes as immunogenic compositions and contemplates construction of
immunogenic compositions as vaccines, including vaccines that provide an
immune response, vaccines that provide a humoral immune response, vaccines
that provide an antigenic immune response, and vaccines that provide a
protective effect. [000127] An immunogenic composition may comprise a
Replikin peptide identified in a malignancy predicted to have a higher
replication rate or greater lethality than another malignancy or than a
plurality of other malignancies. A Replikin peptide may be identified in
the segment of the genome, of the protein, or of the protein fragment of
the malignancy that has the highest concentration of continuous
non-interrupted and/or overlapping Replikin sequences when compared to
other segments of the genome, or proteins, or protein fragments of the
malignancy. An immunogenic composition may comprise a Replikin Peak Gene
identified in a malignancy predicted to have a higher rate of replication
or greater lethality or a Replikin Peak Gene identified separately in a
primary malignancy and in a metastasis from a primary malignancy or in a
metastasis from an unknown primary source.[000128] An immunogenic
composition may be comprised in a vaccine for treatment and/or prevention
of a malignancy. The malignancy may be predicted to have a higher rate of
replication or greater lethality than another malignancy or than a
plurality of other malignancies or may be a primary malignancy predicted to
have a lower or higher rate of replication or lower or greater lethality
than a metastasis of the same malignancy. A vaccine comprising the
immunogenic composition may be for the treatment and/or prevention of a
malignancy that is of the same type as a malignancy predicted to have a
higher rate of replication or greater lethality than another malignancy or
than a plurality of other malignancies. [000129] A Replikin peptide or
Replikin Peak Gene identified in a first malignancy may be used for the
treatment of the first malignancy or may be used for the treatment of
another malignancy wherein the other malignancy is related to first
malignancy in origin and/or histology, including a metastasis of the first
malignancy. A Replikin peptide or Replikin Peak Gene identified in a first
malignancy may also be used for the treatment of another malignancy that is
unrelated in origin or histology to the first malignancy, including a
malignancy of unknown histology or origin. [000130] A Replikin peptide or
Replikin Peak Gene identified in a first malignancy may be used for the
manufacture of a medicament for the treatment of a malignancy including a
malignancy that is related to the first malignancy or unrelated to the
first malignancy by histology or origin or any other relationship known to
one of skill in the art now or hereafter. [000131] One embodiment of an
aspect of the invention provides a method of treating a malignancy
comprising administering to a subject at least one Replikin peptide or at
least one Replikin Peak Gene or a combination of both identified in a first
malignancy predicted, according to methods of the invention, to have a
relative rate of growth that is faster than the relative rate of growth of
at least one second malignancy or predicted to have greater lethality.
Antibodies against Replikins in Diagnostics and Therapies [000132] An
embodiment of one aspect of the invention contemplates and produces
antibodies to Replikin peptides and to Replikin Peak Genes of the
invention. One embodiment provides an antibody to a Replikin peptide
identified in a malignancy that is predicted to have a higher growth or
replication rate or greater lethality than another malignancy or than a
plurality of other malignancies. The Replikin peptide may be identified in
any portion of the genome of acell of a malignancy or in any expressed
protein or protein fragment of a cell. The Replikin peptide may also be
identified in a segment of the genome, of the protein, or of the protein
fragment of the cell from the malignancy that has the highest concentration
of continuous noninterrupted and/or overlapping Replikin sequences when
compared to other segments of the genome, or proteins, or protein fragments
of the cell from the malignancy. An antibody may 



also be directed to a Replikin Peak Gene identified in a malignancy
predicted to have a higher rate of replication or greater lethality.
[000133] An antibody or antibody fragment directed against a Replikin
peptide or against a Replikin Peak Gene may be used for diagnostic,
therapeutic, and/or preventive purposes in cancer, including any cancer
known to one of ordinary skill in the art now and hereafter, which may
include a thyroid malignancy, a prostate malignancy, a breast malignancy, a
urinary bladder malignancy, a uterine corpus malignancy, a uterine cervix
malignancy, a colon malignancy, an ovarian malignancy, a malignancy of the
oral cavity, a lymphocytic leukemia malignancy, a multiple myeloma
malignancy, a gastric malignancy, a non-small cell lung carcinoma
malignancy, a glioblastoma malignancy, or any other malignancy of an animal
or a human. [000134] One embodiment of an aspect of the invention provides
a method of stimulating the immune system of any animal or human capable of
an immune response by administering at least one Replikin peptide or at
least one Replikin Peak Gene identified in at least one first malignancy
predicted, according to methods of the invention, to have a relative rate
of growth that is faster than the relative rate of growth of at least one
second malignancy. Another embodiment provides a method of making an
antibody or an antibody fragment that binds to at least one Replikin
peptide or at least one Replikin Peak Gene identified in at least one first
malignancy that has a relative rate of growth faster than the relative rate
of growth of at least one second malignancy comprising identifying the at
least one Replikin peptide or the at least one Replikin Peak Gene and
making an antibody or antibody fragment that binds to the at least one
Replikin peptide or the at least one Replikin Peak Gene. One of ordinary
skill in the art would know myriad ways of making antibodies or antibody
fragments that bind to a Replikin peptide or Replikin Peak Gene that is
isolated from a cell of a malignancy or for which an amino acid sequence is
known.Vaccines, Treatments and Therapeutics [000135] A peptide vaccine of
the invention may include a single Replikin peptide sequence or Replikin
Peak Gene or may include a plurality of Replikin sequences and/or Replikin
Peak Genes observed in particular malignancies. A vaccine may include a
conserved Replikin peptide or peptides in combination with a Replikin
peptide or Replikin peptides in a particular malignancy or may be based on
other Replikin peptide sequences such as UTOPES. See U.S. Patent 7,442,761
. Replikin peptides can be synthesized by any method, including chemical
synthesis or recombinant gene technology, and may include non-Replikin
sequences. Vaccine compositions of the invention may also contain a
pharmaceutically acceptable carrier and/or adjuvant. [000136] The vaccines
of the present invention can be administered alone or in combination with
chemotherapies, hormone therapies or other anti-cancer therapies and/or
treatments. The vaccine of the present invention may be administered to any
animal capable of producing antibodies in an immune response or to any
animal capable of producing a humoral response, a protective effect, or any
immune or immune-like response. For example, the vaccine of the present
invention may be administered to a rabbit, a chicken, a pig, a human, or
any other animal capable of producing an immune response and/or antibodies
in response to an antigen. Because of the universal nature of Replikin
sequences, a vaccine of the invention may be directed at a range of
malignancies. [000137] The Replikin peptides of the invention, alone or in
various combinations are administered to a subject by any manner known to
one of ordinary skill in the art including by intravenous or intramuscular
injection, ocular swab or spray, nasal spray and/or inhalation spray, or
any other method of administration in order to stimulate the immune system
of the subject to produce an immune response. Generally the dosage of
peptides is in the range of from about 0.1 mg to about 10 mg, about 10 mg
to about 1 mg, and about 50 mg to about 500 mg. The skilled practitioner
can readily determine the dosage and number of doses needed to produce an
effective immune response. [000138] In another aspect of the invention,
isolated Replikin peptides may be used to 



generate antibodies, which may be used, for example to provide passive
immunity in an individual. See, e.g., U.S. Appln. Ser. No. 11/355,120,
filed February 16, 2006 and U.S. Appln.Ser. No. 12/010,027, filed January
18, 2008 (each incorporated herein by reference in their entirety).
Anti-Sense Nucleic Acids and siRNA [000139] An embodiment of one aspect of
the invention further contemplates a nucleic acid sequence that is
antisense to a nucleic acid that encodes for a Replikin peptide or a
Replikin Peak Gene identified in a first malignancy predicted to have a
higher rate of growth or replication or a greater lethality. Nucleic acid
sequences include, for example, one or more small interfering nucleic acid
sequences that interfere with a nucleic acid sequence that is 50%, 60%,
70%, 80%, or 90% or more homologous with a nucleic acid that encodes for a
Replikin peptide or a Replikin Peak Gene identified in a first malignancy
predicted to have a higher rate of growth or replication or a greater
lethality, or is 50%, 60%, 70%, 80%, or 90% or more homologous with a
nucleic acid that is antisense to a nucleic acid that encodes for a
Replikin peptide or a Replikin Peak Gene identified in a first malignancy
predicted to have a higher rate of growth or replication or a greater
lethality. [000140] Such nucleotide sequences may be used in hybridization
assays of biopsied tissue or blood, e.g., Southern or Northern analysis,
including in situ hybridization assays, to diagnose the presence of a
particular organism in a tissue sample or an environmental sample, for
example. The present invention also contemplates kits containing antibodies
specific for particular Replikins that are present in a particular pathogen
of interest, or containing nucleic acid molecules (sense or antisense) that
hybridize specifically to a particular Replikin, and optionally, various
buffers and/or reagents needed for diagnosis. [000141] Also within the
scope of the invention are oligoribonucleotide sequences that include
antisense RNA and DNA molecules and ribozymes that function to inhibit the
translation of Replikin-containing mRNA. Both antisense RNA and DNA
molecules and ribozymes may be prepared by any method known in the art. The
antisense molecules can be incorporated into a wide variety of vectors for
delivery to a subject. The skilled practitioner can readily determine the
best route of delivery. Intravenous or intramuscular delivery is one
possible method of delivery and is one, among many, routine delivery
methods in the art of small molecule delivery. The dosage amount is also
readily ascertainable. Dosage may range from 0.01 mg to 10 mg,from 0.1mg to
5 mg, from 0.5 mg to 2 mg, and from 0.75 mg to 1.25 mg, but is not limited
to such ranges. [000142] One embodiment of an aspect of the invention
further contemplates antisense nucleic acid molecules that are
complementary to a nucleic acid encoding a portion of a cell of a
malignancy predicted to have a relative greater rate of growth, replication
or lethality. An antisense nucleic acid molecule may be complementary to a
nucleotide sequence encoding a Replikin peptide or a Replikin Peak Gene as
described herein. A nucleic acid sequence may be anti-sense to a nucleic
acid sequence that has been demonstrated to be conserved in a malignancy or
generally conserved in a range of malignancies of a particular cancer type
or of different cancer types. [000143] The invention also contemplates
compositions comprising RNAi-inducing entities used to inhibit replication
of a malignancy including small interfering RNA, which is a class of about
10 to about 50, and often about 20 to about 25, nucleotide-long
double-stranded RNA molecules. siRNA is involved in the RNA interference
pathway, where it interferes with the expression of one or more specific
genes such as replication genes of a malignancy including replication genes
that comprise at least one Replikin peptide or at least one Replikin Peak
Gene as described herein. siRNAs also act in RNAi-related pathways, e.g.,
as an antireplication mechanism. [000144] An effective amount of an
RNAi-inducing entity is delivered to a cell or organism prior to,
simultaneously with, or after diagnosis of a malignancy or a metastasis. A
dosage may be sufficient to reduce or delay replication of the malignancy
or metastasis. Compositions of the invention may comprise a single siRNA
species targeted to a target transcript or may comprise a 



plurality of different siRNA species targeting one or more target
transcripts. [000145] The invention contemplates a small interfering
nucleic acid sequence that is about 10 to about 50 nucleic acids in length
and is 50%, 60%, 70%, 80%, or 90% or more homologous with a nucleic acid
that encodes for any portion of at least one Replikin peptide or at least
one Replikin Peak Gene, or is 50%, 60%, 70%, 80%, or 90% or more homologous
with a nucleic acid that is antisense to a nucleic acid that encodes for
any portion of at least one Replikin peptide or at least one Replikin Peak
Gene. In a further non-limiting embodiment, the nucleic acid sequence is
about 15 to about 30 nucleic acids. In a further non-limiting embodiment,
thenucleic acid sequence is about 20 to about 25 nucleic acids. In a
further non-limiting embodiment, the nucleic acids sequence is about 2 1
nucleic acids. Prognosis for Individual Malignancies based on Replikin
Count of Malignancy and Survey of Plurality of Malignancies [000146] An
individual prognosis for a malignancy may be provided for a patient
suffering from the malignancy based on Replikin Count and lethality data
from a survey of patients suffering from malignancies of the same type,
malignancies of related types, or malignancies in general. For example, a
survey may be undertaken in which Replikin Counts of tissues from tumors
removed from patients are analyzed and compared with patient outcome.
[000147] For example, in one non-limiting embodiment, a Replikin Count
Expansion Index may be created from a survey of malignancies. To create a
Replikin Count Expansion Index, a mean Replikin Count plus one standard
deviation of the mean is determined from a plurality of malignancies and
the measured lethality of each malignancy is determined by any method.
[000148] A Replikin Count of a malignancy having an unknown lethality may
then be compared to the mean Replikin Count plus one standard deviation of
the mean. If the Replikin Count of the malignancy having an unknown
lethality is greater than the mean Replikin Count plus one standard
deviation of the mean, the malignancy of unknown lethality is predicted to
have a greater lethality than the mean measured lethality of plurality of
malignancies. If the Replikin Count of the malignancy having an unknown
lethality is less than the mean Replikin Count minus one standard deviation
of the mean, the malignancy of unknown lethality is predicted to have a
lower lethality than the mean measured lethality of the plurality of
malignancies. [000149] To provide other kinds of precision in the
prediction of lethality, a plurality of malignancies may be grouped into a
plurality of groups of malignancies having related lethalities or related
types. A mean Replikin Count plus one standard deviation of the mean may be
determined for some or all of these groups. A Replikin Count of a
malignancy having an unknown lethality may then be compared to the mean
Replikin Count plus or minus one standard deviation of the mean of a
particular group having a related lethality. [000150] In another
non-limiting embodiment, regression analysis may be undertaken based on the
Replikin Count data and the data of patient outcome. The resulting
regression formulamay be used to provide a prognosis for a patient
suffering from a malignancy wherein a Replikin Count has been determined
from the malignancy. [000151] For example, a Replikin Count determined in a
lung tumor (or any other malignancy) of a patient suffering from lung
cancer (or any other malignancy) may be entered into a formula generated
using survey data of Replikin Counts of individual lung tumors (or any
other malignancy) and patient outcome from the individual lung tumors (or
other malignancies). The formula may provide a prognosis concerning the
rate of growth, aggressiveness, or lethality of the lung tumor (or other
malignancy) based on the Replikin Count of the lung tumor. [000152] Patient
outcome may include but is not limited to five year mortality rate, life
expectancy, aggressiveness of growth, rate of growth, rate of replication,
rate of decline of lung capacity, etc. Patient outcome may include any
measure of patient well-being that may be compared to Replikin Count of a
malignancy. [000153] Replikin Count may be any measure of Replikin Count in
a malignancy including Replikin Count of the entire genome or of a portion
or fragment of the genome, Replikin Count of an expressed protein, Replikin
Count of a Replikin Peak Gene, Replikin Count of a protein 



fragment, Replikin Count of a combination of proteins and/or protein
fragments, or mean Replikin Count of a plurality of cells in a malignancy,
etc. [000154] In a survey, the Replikin Count measurement having the best
correlation with the patient outcome measurement may be used for regression
analysis. The greater the size of the survey, the more precision that is
expected from the regression analysis. As such, a survey of a plurality of
malignancies would be appropriate as a survey. Likewise, a survey of 10
malignancies, 50 malignancies, 100 malignancies, 500 malignancies, 1,000
malignancies, or 10,000 or more malignancies would be appropriate for
generating a Replikin Count Expansion Index or a formula from regression
analysis. [000155] Within a survey of malignancies, more than one
regression analysis may be peformed. For example, two regression curves may
be generated within one data set from a survey. Two regression curves may
be appropriate where a data set contains, for example, both benign and
malignant tumors. A regression curve for benign tumors may be quite
different from a regression curve for malignant tumors. Likewise,
regression curves may be different for different types of malignancies. The
closer a regression curve fits to the particular data to whichit is
applied, the more precision that would be expected in predicting patient
outcome from a malignancy of unknown lethality. [000156] For example,
benign tumors may be expected to have a growth rate that allows many years
of growth of the tumor while a malignant tumor may have a growth rate that
allows less years of growth, including tumors that are lethal in days,
months, or one or two or more years. Different regression curves that apply
to different data sets provide one of ordinary skill in the art with many
ways to separate different types of malignancies and many types of curves
for predicting lethality. Regression curves may be linear, polynomial,
exponential, or any other type of regression curve known to one of skill in
the art now or hereafter. One, two, three, or more regression curves may be
applied to a single data set based on the understanding of one of ordinary
skill in the art. [000157] Health practitioners may employ a formula
generated from a Replikin Count Expansion Index or regression analysis, or
any other kind of analysis to provide a prognosis for a patient suffering
from a malignancy. For example, if a patient is suffering from a lung
malignancy, a health practitioner may take a biopsy of the malignancy and
have the Replikin Count of a Replikin Peak Gene of a particular protein of
the malignancy determined. The health practitioner may then enter the
Replikin Count of the Replikin Peak Gene of the particular protein of the
lung malignancy into an index or formula generated from a survey based on
Replikin Counts of the Replikin Peak Gene of the lung malignancy from which
the patient is suffering. The index or formula may provide a prognosis
concerning the rate of growth of the malignancy, the aggressiveness of the
malignancy, or the life expectancy of the patient suffering from the
malignancy. The resulting prognosis may then be provided to the patient
suffering from the lung malignancy. [000158] A survey and resulting
Replikin Count Expansion Index or regression analysis may be undertaken for
any malignancy or any type of malignancy known to one of skill in the art
now or hereafter. A survey and resulting Replikin Count Expansion Index or
regression analysis may also be done for malignancies generally wherein the
Replikin Count of any malignancy may be entered into an index or formula to
provide a prognosis concerning the growth or lethality of the
malignancy.[000159] A survey of a specific type of malignancy will provide
a more defined prognosis for a patient suffering from that specific
malignancy. Further, a survey of a specific type of malignancy at a
specific stage of growth may provide an even more defined prognosis for a
patient suffering from that specific malignancy at that specific stage of
growth. [000160] Figure 2 provides a regression analysis of the data in
Figure 1, which compares the highest Replikin Count of a Replikin Peak Gene
of various common human cancers with the five-year mortality rate of the
cancer as provided in Brenner, H., The Lancet, 360 (October 12, 2002),
1131-1 135. The regression formula provided in Figure 2 is y = 0.0401x2 -
1.3041x + 35.812 with an r2 value of 0.9089. This regression formula may be
used to provide a prediction 



of the relative five year mortality of a malignancy based on the highest
Replikin Count of a Replikin Peak Gene in a representative malignancy of a
known type of malignancy. By introducing the Replikin Count of the Replikin
Peak Gene of the representative malignancy into the y value of the
regression formula, the resulting x value will provide a predicted five
year mortality rate. Any other kind of regression analysis may be applied
to the data in Figure 2. [000161] The process of creating a regression
formula for a given type of malignancy or for a range of malignancies may
be undertaken from a survey of any plurality of malignancies. Once baseline
data is provided by the survey, the formula may be used to provide a
patient suffering from a malignancy a prognosis based on a prediction of
the rate of growth, rate of replication, aggressiveness, or lethality of a
malignancy. [000162] A prognosis based on a Replikin Count Expansion Index
or based on a regression analysis of Replikin Count and measured lethality
may be provided for any malignancy including but not limited to, a thyroid
malignancy, a prostate malignancy, a breast malignancy, a urinary bladder
malignancy, a uterine corpus malignancy, a uterine cervix malignancy, a
colon malignancy, an ovarian malignancy, a malignancy of the oral cavity, a
lymphocytic leukemia malignancy, a multiple myeloma malignancy, a gastric
malignancy, a non-small cell lung carcinoma malignancy, or a glioblastoma
malignancy. [000163] The efficacy of histopathologically-determined degrees
of malignancy may also be quantified by comparing the histopatho logical
degree of malignancy given to a tumor with a quantitative prognosis
determined from a Replikin Count of a malignancy entered into a
ReplikinCount Expansion Index or a formula developed from regression
analysis of Replikin Counts of malignancies of the same or related types or
from malignancies of all types. [000164] A kit for providing a prognosis to
a patient suffering from a malignancy is contemplated comprising a Replikin
Count Expansion Index or a formula for determining prognosis based on
Replikin Count of the malignancy. Such a kit may be provided to
laboratories and practitioners so that prognosis based on Replikin sequence
analysis of individual malignancies may be provided directly from the
practitioner or laboratory to the patient. Example 1 Analysis of Replikin
Count in Replikin Peak Gene of Common Human Cancer Types [000165]
Applicants analyzed publicly available sequences of the common human
malignancies listed in Table 1 as those sequences had been published at
www.pubmed.com. Using REPLIKINSFORECAST(r) software service available
through Replikins LLC (Boston, MA), Applicants determined the Replikin
Count for each accession number with a sequence isolated from the listed
malignancies (i.e., all accession numbers containing sequences published as
isolated from prostate cancers, thyroid cancers, breast cancers, urinary
bladder cancers, etc.) Applicants then determined mean Replikin Count for
all data for each listed common human malignancy in a given year for which
accession numbers were available. [000166] For those years in which mean
Replikin Count was notably higher than other years, Applicants identified
the Replikin Peak Gene of each published sequence. The Replikin Peak Gene
is defined as the segment of the reported genome, reported protein, or
reported protein fragment containing the highest number of continuous
and/or overlapping Replikin sequences per 100 amino acids (Replikin Count)
for each identified Replikin Peak Gene. For the purpose of the Replikin
Count, each Replikin sequence is defined as a peptide sequence consisting
of 7 to 50 amino acids (or a nucleic acid sequence encoding a peptide
sequence consisting of 7 to 50 amino acids) and having (or encoding a
sequence having) (1) at least one lysine residue located at a first
terminus of the sequence and at least one lysine residue or at least one
histidine residue located at a second terminus of the sequence, (2) a first
lysine residue located six to ten residues from a second lysine residue,
(3) at least one histidine residue, and (4) at least 6% lysine
residues.[000167] For each identified Replikin Peak Gene, Applicants
determined the concentration of Replikin sequences by determining the
number of Replikin sequences per 100 amino acids (Replikin Count) in the
identified Replikin Peak Gene. From the Replikin Count data for each
identified Replikin Peak Gene, Applicants selected the highest Replikin
Count as the 



representative highest Replikin Count for a given common human malignancy.
[000168] Applicants then compared the representative highest Replikin Count
for each common human malignancy to the percent five-year mortality rate
reported at Brenner, H., "Long-term survival rates of cancer patients
achieved by the end of the 20th century: a period analysis," The Lancet,
360 (October 12, 2002), 1131-1 135. The comparative data are shown in Table
1 and the comparison is graphically presented in Figure 1. Figure 1
graphically demonstrates a quantitative relationship between highest
Replikin Count in a malignancy and reported five-year mortality rate.
Example 2 Prediction of Relative Mortality in Human Malignancies [000169]
The Replikin Count of an identified Replikin Peak Gene is analyzed
following sequencing of some or all of the genome of at least a first and a
second malignancy or following the sequencing of at least one protein or
protein fragment of at least a first and a second malignancy. The Replikin
Count of the Replikin Peak Gene of the first malignancy is compared to the
Replikin Count of the Replikin Peak Gene of at least the second malignancy.
If the Replikin Count is determined to be higher than at least the second
malignancy, the first malignancy is predicted to have a relatively higher
rate of replication and/or greater lethality than at least the second
malignancy. If the Replikin Count is determined to be lower than at least
the second malignancy, the first malignancy is predicted to have a
relatively lower rate of replication and/or greater lethality than at least
the second malignancy. Example 3 Prediction of Relative Rate of Increase of
Growth Rate of Malignancy [000170] The relative rate of change in the rate
of growth of a metastasis of a malignancy is predicted by comparing the
standard deviation of the mean Replikin Count of the genome, a genome
fragment, all expressed proteins, an expressed protein, or a protein
fragment of a plurality of cells of the primary malignancy to the standard
deviation of the mean Replikin Countof the genome, a genome fragment, all
expressed proteins, an expressed protein, or a protein fragment of a
plurality of cells of a metastasis of the malignancy. The mean Replikin
Count of a metastasis may likewise be compared to a mean Replikin Count of
a plurality of metastases from patients having a similar malignancy or from
a broad range of malignancies generally. If the standard deviation of the
mean Replikin Count in a plurality of cells of the primary malignancy is
greater than the standard deviation of the mean Replikin Count in a
plurality of cells of the metastasis of the malignancy (or of a mean
Replikin Count of a plurality of metastases from patients having a similar
malignancy or from a broad range of malignancies generally), the metastasis
of the malignancy is predicted to experience a decrease in the relative
rate of change in the rate of growth as compared to the primary malignancy.
On the other hand, if the standard deviation of the mean Replikin Count in
a plurality of cells of the primary malignancy is less than the standard
deviation of the mean Replikin Count in a plurality of cells of the
metastasis of the malignancy (or of a mean Replikin Count of a plurality of
metastases from patients having a similar malignancy or from a broad range
of malignancies generally), the metastasis of the malignancy is predicted
to experience an increase in the relative rate of change in the rate of
growth as compared to the primary malignancy. Example 4 Replikin Count
Expansion Index in Primary and Metastatic Malignancy over Time [000171]
Replikin Count of a genome or genome fragment or expressed proteins, an
expressed protein, or protein fragment of a plurality of cells from a
malignancy are determined. Replikin Counts from cells from a specific time
and/or specific anatomical region of the malignancy are grouped and a mean
Replikin Count with standard deviation is determined for each group. The
cells may be from the primary malignancy or a metastasis of the malignancy,
or may be of unknown origin within the body of the patient suffering from
the malignancy. [000172] Replikin Count of a genome or genome fragment or
expressed proteins, an expressed protein, or protein fragment of at least
one cell of a metastasis of the malignancy (or 



from a malignant cell of unknown origin or type within the body of the
patient suffering from the malignancy) from a second time and/or second
anatomical region in the patient suffering from the malignancy is
determined. If Replikin Count is determined for more than one cell, a mean
Replikin Count with standard deviation is determined.[000173] The time
period and/or anatomical region having the largest number of cells or the
least variability among Replikin Count in cells (or both) is chosen as a
control against which other Replikin Counts are analyzed. The Replikin
Count for each individual cell in a given anatomical region at a particular
time is compared to one standard deviation from the mean Replikin Count for
all cells from the control region. Within each region, the number of
Replikin Counts greater than one standard deviation of the mean and the
number of Replikin Counts less than one standard deviation of the mean is
determined. For each region at each time period, the percent of Replikin
Counts greater than one standard deviation of the mean is then divided by
the percent of Replikin Counts less than one standard deviation of the mean
to provide a ratio, or Replikin Count Expansion (RCE) Index. In anatomical
regions having an RCE Index of greater than one, an expansion of the rate
of growth of the malignancy is predicted. In anatomical regions having an
RCE Index of less than one, a contraction of the rate of growth of the
malignancy is predicted. [000174] In anatomical regions wherein the rate of
growth of a malignancy is predicted to expand, a Replikin Peak Gene is
identified in a cell having a Replikin Count that is higher than the mean
Replikin Count for the anatomical region. The Replikin Peak Gene and/or a
Replikin peptide (or plurality of Replikin peptides) within the Replikin
Peak Gene is selected as an immunogenic compound for diagnostic and/or
therapeutic purposes. A vaccine against the expanding malignancy is
manufactured comprising the immunogenic compound. The vaccine is
administered to mitigate the expanding malignancy. Example 5 Determination
of Replikin Count or Replikin Peak Gene in 1999 Isolate of Glioblastoma
Topoisomerase in Rat and Development of Glioblastoma Vaccine in Rat Model
[000175] Accession numbers of amino acid sequences of glioblastoma
malignancies in rats were queried at www.pubmed.com. Replikin Count data
from the queried accession numbers provided predictions of the relative
lethality of each malignancy. The highest Replikin Count in a Replikin Peak
Gene in an amino acid sequence from rat glioblastoma was identified in a
1999 topoisomerase isolate of glioblastoma in Accession Number Q9WUL0 taken
from a study of the C6 glioblastoma cell line in Norway rats. Among the
queried accession numbers, the topoisomerase in Accession Number Q9WUL0 had
the highest Replikin Count in a ReplikinPeak Gene with a Replikin Count of
316 Replikin sequences per 100 amino acids within the Replikin Peak Gene.
[000176] Accession Number Q9WUL0 contains the following amino acid
sequence:[000177] The following Replikin sequences were identified in the
amino terminal of Accession Number Q9WUL0:LIQUID SUBMERGED, HORIZONTAL
COMPUTER SERVER RACK AND SYSTEMS AND METHODS OF COOLING SUCH A SERVER RACK
CROSS-REFERENCES TO RELATED APPLICATIONS [0001] This application claims
priority pursuant to 35 U.S.C. 119 to the following U.S. provisional patent
applications: Serial No. 61/188,589 entitled LIQUID SUBMERGED, HORIZONTAL
COMPUTER SERVER RACK filed August 11, 2008; Serial No. 61/163,443 entitled
LIQUID SUBMERGED, HORIZONTAL COMPUTER SERVER RACK filed March 25, 2009; and
Serial No. 61/165,470 entitled LIQUID SUBMERGED, HORIZONTAL COMPUTER SERVER
RACK filed March 31, 2009. FIELD OF INVENTION [0002] This application
concerns cooling of heat-generating electronics such as, for example, rack
mounted servers in data centers. BACKGROUND [0003] In 2006, data centers in
the United States (U.S.) accounted for about 1.5% 



(about $4.5 billion) of the total electricity consumed in the U.S. This
data center electricity consumption is expected to double by 201 1. More
than one-third of data center electricity consumption is for cooling
servers, which could equate to more than about 1% of all U.S. electricity
consumed by 201 1. Electricity, personnel, and construction costs continue
to increase and server hardware costs are decreasing, making the overall
cost of cooling a large and growing part of the total cost of operating a
data center.[0004] The term "data center" (also sometime referred to as a
"server farm") loosely refers to a physical location housing one or
"servers." In some instances, a data center can simply comprise an
unobtrusive corner in a small office. In other instances, a data center can
comprise several large, wharehouse-sized buildings enclosing tens of
thousands of square feet and housing thousands of servers. The term
"server" generally refers to a computing device connected to a computing
network and running software configured to receive requests (e.g., a
request to access or to store a file, a request to provide computing
resources, a request to connect to another client) from client computing
devices, includes PDAs and cellular phones, also connected to the computing
network. Such servers may also include specialized computing devices called
network routers, data acquisition equipment, movable disc drive arrays, and
other devices commonly associated with data centers. [0005] Typical
commercially-available servers have been designed for air cooling. Such
servers usually comprise one or more printed circuit boards having a
plurality of electrically coupled devices mounted thereto. These printed
circuit boards are commonly housed in an enclosure having vents that allow
external air to flow into the enclosure, as well as out of the enclosure
after being routed through the enclosure for cooling purposes. In many
instances, one or more fans are located within the enclosure to facilitate
this airflow. [0006] "Racks" have been used to organize several servers.
For example, several servers can be mounted within a rack, and the rack can
be placed within a data center. Any of various computing devices, such as,
for example, network routers, hard-drive arrays, data acquisition equipment
and power supplies, are commonly mounted within a rack. [0007] Data centers
housing such servers and racks of servers typically distribute air among
the servers using a centralized fan (or blower). As more fully described
below, air within the data center usually passes through a heat exchanger
for cooling the air (e.g., an evaporator of a vapor-compression cycle
refrigeration cooling system (or "vapor-cycle" refrigeration), or a chilled
water coil) before entering a server. In some data centers, the heat
exchanger has been mounted to the rack to provide "rack-level" cooling of
air before the air enters a server. In other data centers, the air is
cooled before entering the data center. [0008] In general, electronic
components of higher performing servers dissipate correspondingly more
power. However, power dissipation for each of the various
hardwarecomponents (e.g., chips, hard drives, cards) within a server can be
constrained by the power being dissipated by adjacent heating generating
components, the airflow speed and airflow path through the server and the
packaging of each respective component, as well as a maximum allowable
operating temperature of the respective component and a temperature of the
cooling air entering the server as from a data center housing the server.
The temperature of an air stream entering the server from the data center,
in turn, can be influenced by the power dissipation and proximity of
adjacent servers, the airflow speed and the airflow path through a region
surrounding the server, as well as the temperature of the air entering the
data center (or, conversely, the rate at which heat is being extracted from
the air within the data center). [0009] In general, a lower air temperature
in a data center allows each server component to dissipate a higher power,
and thus allows each server to dissipate more power and operate at a level
of hardware performance. Consequently, data centers have traditionally used
sophisticated air conditioning systems (e.g., chillers, vapor-cycle
refrigeration) to cool the air (e.g., to about 65 0F) within the data
center for achieving a desired performance level. By some estimates, as
much as one watt can be consumed to 



remove one watt of heat dissipated by an electronic component.
Consequently, as energy costs and power dissipation continue to increase,
the total cost of cooling a data center has also increased. [0010] In
general, spacing heat-dissipating components from each other (e.g.,
reducing heat density) makes cooling such components less difficult (and
less costly when considering, for example, the cost of cooling an
individual component in a given environment) than placing the same
components placed in close relation to each other (e.g., increasing heat
density). Consequently, data centers have also compensated for increased
power dissipation (corresponding to increased server performance) by
increasing the spacing between adjacent servers. [00 11] In addition,
large-scale data centers have provided several cooling stages for cooling
heat dissipating components. For example, a stream of coolant, e.g., water,
can pass over an evaporator of a vapor-compression refrigeration cycle
cooling system and be cooled to, for example, about 44 0F before being
distributed through a data center for cooling air within the data
center.[0012] The power consumed by a chiller can be estimated using
information from standards (e.g., ARI 550/590-98). For example,
ARI550/590-98 specifies that a new centrifugal compressor, an efficient and
common compressor used in high-capacity chillers, has a seasonal average
Coefficient-of-Performance ("COP") from 5.00 to 6.10, depending on the
cooling capacity of the chiller. This COP does not include power consumed
by an evaporative cooling tower, which can be used for cooling a condenser
in the refrigeration cycle cooling system and generally has a COP of 70, or
better. The combined COP for a typical system is estimated to be about 4.7.
[0013] According to some estimates, some state-of-the-art data centers are
capable of cooling only about 150 Watts-per-square-foot, as opposed to
cooling the more than about 1,200 Watts-per-square-foot that could result
from arranging servers to more fully utilize available volume (e.g.,
closely spacing servers and racks to more fully utilize floor-to-ceiling
height and floor space) within existing data centers. Such a low cooling
capacity can significantly add to the cost of building a data center, since
data centers can cost as much as about $250 per-square-foot to construct.
[0014] As the air-cooling example implies, commercially available methods
of cooling have not kept pace with increasing server and data-center
performance needs, or the corresponding growth in heat density. As a
consequence, adding new servers to existing data centers has become
difficult and complex given the effort expended to facilitate additional
power dissipation, such as by increasing an existing data center's air
conditioning capacity. [0015] Various alternative approaches for cooling
data centers and their servers, e.g., using liquid cooling systems, have
met with limited success. For example, attempts to displace heat from a
microprocessor (or other heat-generating semiconductor-fabricated
electronic device component, collectively referred to herein as a "chip")
for remotely cooling the chip have been expensive and cumbersome. In these
systems, a heat exchanger or other cooling device, has been placed in
physical contact (or close physical relation using a thermal-interface
material) with the package containing the chip. These liquid-cooled heat
exchangers have typically defined internal flow channels for circulating a
liquid internally of a heat exchanger body. However, component locations
within servers can vary from server to server. Accordingly, these
liquid-cooling systems have been designed for particularcomponent layouts
and have been unable to achieve large-enough economies of scale to become
commercially viable. [0016] Research indicates that with state-of-the-art
cooling, PUEs (as defined on page 10 hereinafter) of 1.4 might be
attainable by 201 1. However the costs to capitalize such cooling were not
mentioned, and indicators suggest that saving electricity requires
expensive equipment. [0017] Immersion cooling of electronic components has
been attempted in highperformance 



(e.g., computer gaming) applications, but has not enjoyed widespread
commercial success. Previous attempts at immersion cooling has submerged
some, and in some instances all, components mounted to a printed circuit
board in a dielectric fluid using a hermetically sealed enclosure to
contain the fluid. Such systems have been expensive, and offered by a
limited number of suppliers. Large scale data centers generally prefer to
use "commoditized" servers and tend to not rely on technologies with a
limited number of suppliers. [0018] Control systems have been used to
increase cooling rates for a plurality of computers in response to
increased computational demand. Even so, such control systems have
controlled cooling systems that dissipate heat into the data center
building interior air (which in turns needs to be cooled by air
conditioning), or directly use refrigeration as a primary mode of heat
dissipation. Refrigeration as a primary mode of cooling, directly or
indirectly, requires significant amounts of energy. [0019] Two-phase
cooling systems have been attempted, but due to technical complexity, they
have not resulted in cost-effective products or sufficiently low operating
costs to justify investing in two-phase-cooling capital. Still other
single- and two- phase cooling systems bring the coolant medium to an
exterior of the computer, but reject heat to a cooling medium (e.g., air)
external to the computer and within the data center (e.g., within a server
room). Accordingly, each method of server or computer cooling currently
employed or previously attempted have been prohibitively expensive and/or
insufficient to meet increasing cooling demands of computing devices.
[0020] Indirectly, many researchers have tried to reduce the power of
individual components such as the power supply and CPU. Although chips
capable of delivering desirable performance levels while operating at a
lower relative power have been offered bychip manufacturers, such chips
have, to date, been expensive. Consequently, cooling approaches to date
have resulted in one or more of a high level of electricity consumption, a
large capital investment and an increase in hardware expense. [0021]
Therefore, there exists the need for an effective, efficient and low-cost
cooling alternative for cooling electronic components, such as, for
example, rack-mounted servers. SUMMARY OF INVENTION [0022] Briefly, the
present invention provides novel apparatus, systems, and methods for
efficiently cooling computing devices having heat-generating electronic
components, such as, for example, independently operable servers immersed
in a dielectric liquid coolant in a tank. [0023] The system may include at
least one tank defining an interior volume and having a coolant inlet for
receiving a dielectric liquid coolant within the interior volume and having
a coolant outlet for allowing the dielectric liquid coolant to flow from
the interior volume, the coolant inlet and the coolant outlet being fluidly
coupled to each other; one or more mounting members positioned within the
interior volume and configured to mountably receive a plurality of
independently operable servers; a dielectric liquid coolant; a heat
exchanger fluidly coupled to the coolant outlet of the at least one tank,
the heat exchanger being distally located from the tank; a pump fluidly
coupled to the heat exchanger and the interior volume of the at least one
tank, the pump being configured for pumping the liquid coolant through a
fluid circuit comprising a first circuit portion extending from the coolant
inlet of the tank to each server, a second circuit portion extending from
each respective server to the coolant outlet, a third circuit portion
extending from the coolant outlet to the heat exchanger, and a fourth
portion extending from the heat exchanger to the coolant inlet; a
controller for monitoring the temperature of the dielectric liquid coolant
at at least one location within the fluid circuit and for adjusting the
flow of the dielectric liquid coolant through the fluid circuit in order
that the dielectric liquid coolant is maintained at an elevated temperature
as it exits the second circuit portion of the fluid circuit; wherein the at
least one tank is configured for containing the dielectric liquid coolant
within the interior volume such 



that, when the plurality of servers are mountably received therein, each
server is submergedwithin the dielectric liquid coolant for sufficiently
cooling each respective server while maintaining the exiting heated liquid
coolant at the elevated temperature to reduce the amount of energy consumed
to sufficiently cool each of the plurality of servers. [0024]
Alternatively, the cooling system includes at least one tank defining an
open interior volume; one or more mounting members positioned within the
open interior volume and configured to mountably receive a plurality of
independently operable servers within the interior volume; a dielectric
liquid coolant circulating in a first fluid circuit through the plurality
of servers; a secondary cooling system having a cooling fluid flowing in a
second fluid circuit wherein the secondary cooling system rejects heat from
the cooling fluid; a coupler located within the at least one tank for
thermally coupling heated dielectric coolant from the portion of the first
fluid circuit exiting the plurality of servers within the tank to the
cooling fluid in the second fluid circuit for rejecting heat from such
heated dielectric coolant; a controller for monitoring the temperature of
the dielectric liquid coolant at at least one location within the first
fluid circuit and for adjusting the flow of the cooling fluid through the
second fluid circuit in order that the heated dielectric liquid coolant
exiting the plurality of servers is maintained approximately at an elevated
temperature wherein the elevated temperature is a temperature significantly
higher than the typical comfortable room temperature for humans and lower
than the maximum permissible temperature of the most sensitive heat
generating electronic component in the plurality of servers; wherein the at
least one tank is configured for containing the dielectric liquid coolant
within the interior volume such that, when the plurality of servers are
mountably received therein, at least a substantial portion of each server
is submerged within the dielectric liquid coolant for sufficiently cooling
each respective server when the tank is sufficiently full of the liquid
coolant maintaining the liquid coolant [exiting] the plurality of servers
at approximately the elevated temperature to reduce the amount of energy
consumed to sufficiently cool each respective server. [0025] Alternatively,
the cooling system may include at least one tank defining an open interior
volume; one or more mounting members positioned within the open interior
volume and configured to mountably receive a plurality of independently
operable servers within the interior volume; a dielectric liquid coolant
circulating in a first fluid circuit through the plurality of servers; a
secondary cooling system having a cooling fluid flowingin a second fluid
circuit wherein the secondary cooling system rejects some of the heat from
the cooling fluid; a coupler located within the at least one tank for
thermally coupling heated dielectric coolant from the portion of the first
fluid circuit exiting the plurality of servers within the tank to the
cooling fluid in the second fluid circuit for rejecting some of the heat
from such heated dielectric coolant; a controller for monitoring the
temperature of the dielectric liquid coolant at at least one location
within the first fluid circuit and for adjusting the flow of the cooling
fluid through the second fluid circuit in order that the heated dielectric
liquid coolant exiting the plurality of servers is maintained approximately
at an elevated temperature wherein the elevated temperature is a
temperature significantly higher than the typical comfortable room
temperature for humans and lower than the maximum permissible temperature
of the most sensitive heat generating electronic component in the plurality
of servers; wherein the at least one tank is configured for containing the
dielectric liquid coolant within the interior volume such that, when the
plurality of servers are mountably received therein, each server is
submerged within the dielectric liquid coolant for sufficiently cooling
each respective server and maintaining the liquid coolant exiting the
plurality of servers at approximately the elevated temperature to reduce
the amount of energy consumed to sufficiently cool each respective server.
[0026] The fixture or server rack apparatus includes at least one tank
defining an open interior volume and having a coolant inlet for receiving a
dielectric liquid coolant within the open interior volume and having a
coolant outlet for allowing the coolant to flow from the open interior
volume, the coolant inlet and the coolant outlet being fluidly coupled to
each 



other; and one or more mounting members positioned within the interior
volume and configured to mountably receive a plurality of servers in a
vertical orientation within the interior volume for minimizing the
footprint of the server relative to the ground and with the front of the
server facing upward for easy installation and removal of each of the
plurality of servers without removing or disturbing any other server;
wherein the at least one tank is configured for containing a dielectric
liquid coolant within the interior volume such that, when a plurality of
servers are mountably received therein, each server being mountably
received is submerged within the dielectric liquid coolant for sufficiently
cooling each respective server when the tank is sufficiently full of the
liquid coolant.[0027] A server room fluidly connected to a first heat
exchanger distally located from the server room contains the apparatus
described above, including at least one tank defining an interior volume
for containing a dielectric liquid coolant and one or more mounting members
positioned within the interior volume and configured to mountably receive a
plurality of independently operable servers. The server room also contains
a plurality of independently operable servers wherein each of the plurality
of servers is mountably received by the one or more mounting members such
that each of the respective servers is submerged in a volume of dielectric
liquid coolant for absorbing heat from each respective one of the plurality
of servers. The server room further contains at least one coupler for
thermally coupling the heated dielectric liquid coolant heated to the heat
exchanger for rejecting at least some of the heat absorbed by the
dielectric liquid coolant from each of the plurality of servers. The heat
exchanger may be associated with a secondary cooling system. The coupler
may include a fluid coupler for fluidly coupling the dielectric liquid
coolant to the first heat exchanger. Alternatively, the coupler includes a
heat exchanger located internal to the tank and thermally coupled to the
dielectric liquid coolant heated by the servers and a secondary fluid
circuit with a second cooling fluid in fluid connection between the
distally located heat exchanger and the internally located heat exchanger
wherein the dielectric liquid coolant differs from the cooling fluid
wherein the distally located heat exchanger is thermally coupled to the
cooling fluid flowing in the secondary fluid circuit such that the distally
located heat exchanger rejects heat from the cooling fluid which the
cooling fluid has absorbed from the heated dielectric liquid coolant at the
coupler. [0028] A method of cooling a plurality of independently operable
servers includes flowing a dielectric liquid coolant in a fluid circuit
through the plurality of servers immersed within the dielectric liquid
coolant for absorbing at least a portion of any heat being dissipated by
each of the respective servers; monitoring the temperature of the liquid
coolant at at least one location within the fluid circuit; determining the
optimum elevated temperature of the heated dielectric liquid coolant as it
exits the plurality of servers such that the liquid coolant sufficiently
cools the plurality of servers while reducing the amount of energy consumed
to sufficiently cool each respective server, wherein the elevated
temperature is a temperature significantly higher than the typical
comfortable room temperature for humans and lower than the maximum
permissible temperature of the mostsensitive heat generating electronic
component in the plurality of servers; periodically determining by a
controller the amount of energy needed to reject the absorbed heat for
cooling the plurality of servers; thermally coupling the dielectric liquid
coolant heated by the plurality of servers to a heat exchanger distally
located from the tank; and rejecting at least a portion of the heat
absorbed by the liquid coolant. In response to the periodic determination
of the amount of energy needed to reject the heat absorbed by the
dielectric liquid coolant from the servers by a controller, the method may
also include the step of periodically adjusting the amount of heat rejected
through the heat exchanger such that the dielectric liquid coolant exiting
the plurality of servers at the elevated temperature sufficiently cools the
plurality of servers while reducing the amount of energy consumed to
sufficiently cool each respective server. BRIEF DESCRIPTION OF THE DRAWINGS
[0029] For a more complete understanding of the present invention(s), and
the 



advantages thereof, reference is now made to the following descriptions
taken in conjunction with the accompanying drawings, in which: [0030] FIG.
IA illustrates one embodiment of an exemplary system for efficiently
cooling a plurality of independently operable servers; [0031] FIG. IB
illustrates an alternative embodiment of an exemplary system for
efficiently cooling a plurality of independently operable servers; [0032]
FIG. 2 illustrates the system of FIG. IA in more detail; [0033] FIG. 3
illustrates a perspective view of an exemplary immersion-cooled rack having
a plurality of independently operable servers mounted therein. [0034] FIG.
4 illustrates a top plan view of the immersion-cooled rack shown in FIG. 3.
[0035] FIG. 5 illustrates an end elevation view of the immersion-cooled
rack shown in FIG. 3. [0036] FIG. 6 illustrates a side elevation view of
the immersion-cooled rack shown in FIG. 3.[0037] FIG. 7 illustrates an end
elevation view of an alternative immersion-cooled rack having a plurality
of independently operable servers installed therein. [0038] FIG. 8
illustrates a top plan view of the immersion-cooled rack shown in FIG. 7.
[0039] FIG. 9 illustrates an end elevation view of another alternative
immersioncooled rack having a plurality of independently operable servers
mounted therein. [0040] FIG. 10 illustrates an end elevation view of yet
another alternative immersioncooled rack having a plurality of
independently operable servers mounted therein. [0041] FIG. 11 illustrates
a perspective view of side-by-side immersion-cooled racks having a
plurality of independently operable servers mounted therein with the
electrical connections to the servers shown. [0042] FIG. 12A is perspective
view of one version of a conventional rack-mountable server that may be
installed in the exemplary immersion-cooled server racks depicted in FIGS.
3 through 11; [0043] FIG. 12B is an illustration of a hard drive of the
conventional rack-mountable server of FIG 12A with a liquid-proof enclosure
to be inserted around it; [0044] FIG. 13 is an end elevation view of the
immersion-cooled server racks of FIG. i i ; [0045] FIG. 14 is another end
elevation view of the immersion-cooled server racks of FIG. 11 showing the
flow of the liquid coolant; [0046] FIG. 15 is a schematic illustration of a
system for cooling a plurality of immersion-cooled server racks of the type
shown in, for example, FIG. 3 and installed in a server room. [0047] FIG.
16 illustrates an exemplary method of cooling one or more independently
operable servers immersed in a tank of liquid coolant employing the systems
of FIG. IA or IB; [0048] FIG. 17A illustrates the physical steps in the
method of cooling one or more independently operable servers immersed in a
tank of liquid coolant employing the system of FIG. IA; and[0049] FIG. 17B
illustrates the computer controller-based steps in the method of cooling
one or more independently operable servers immersed in a tank of liquid
coolant employing the system of FIG. IA.DETAILED DESCRIPTION [0050] The
following describes apparatus, systems, and methods for efficiently cooling
computing devices having heat-generating electronic components, such as,
for example, independently operable servers at least partially immersed in
a dielectric liquid coolant in a tank. The principles of the invention(s)
embodied therein and their advantages are best understood by referring to
FIGS. 1-17. [005 1] As used herein, the term "server" generally refers to a
computing device 



connected to a computing network and running software configured to receive
requests (e.g., a request to access or to store a file, a request to
provide computing resources, a request to connect to another client) from
client computing devices, includes PDAs and cellular phones, also connected
to the computing network. Such servers may also include specialized
computing devices called blade servers, network routers, data acquisition
equipment, movable disc drive arrays, and other devices commonly associated
with data centers. [0052] As used herein, "independently operable" means
capable of usefully functioning without regard to an operational status of
an adjacent component. As used herein, an "independently operable server"
means a server that is capable of usefully functioning (e.g., powered or
unpowered, connected to a network or disconnected from the network,
installed in a rack or removed from a rack, and generally used for the
purposes for which servers are generally used) without regard to an
operational status of an adjacent server (e.g., powered or unpowered,
connected to the network or disconnected from the network, installed in the
rack or removed from the rack, and whether usable for the purposes for
which servers are generally used). Operation of independently operable
servers can be influenced (e.g., heated) by one or more adjacent servers,
but as used herein, an independently operable server generally functions
regardless of whether an adjacent server operates or is operable. [0053] As
used herein, the term "liquid coolant" may be any sufficiently
nonconductive liquid such that electrical components (e.g., a motherboard,
a memory board, and other electrical and/or electronic components designed
for use in air) continue to reliably function while submerged without
significant modification. A suitable liquid coolant is a dielectric liquid
coolant, including without limitation vegetable oil, mineral oil
(otherwiseknown as transformer oil), or any liquid coolant have similar
features (e.g., a non flammable, non-toxic liquid with dielectric strength
better than or nearly as comparable as air. [0054] As used herein, "fluid"
means either a liquid or a gas, and "cooling fluid" means a gas or liquid
coolant typically used for heat-rejection or cooling purposes. As used
herein, a liquid coolant is a subset of the universe of cooling fluids, but
a cooling fluid may be a dielectric or non-dielectric liquid or gas, such
as, for example, a conventional air conditioning refrigerant. [0055] PUE
means "power usage effectiveness", which is a ratio of the total power used
by a data center divided by the power used by the server, and is a measure
of energy efficiency. [0056] COP means the "coefficient of performance", a
ratio of heat removed to work used. For instance, a COP of 10 would mean
that 10 Watts of heat are removed using 1 Watt of work. [0057] VCC means
"vapor compression cycle", the thermal process most commonly used for air
conditioning. [0058] Poor overall efficiency of heretofore commercially
available cooling technologies contributes to overall costs of cooling
servers used by data centers. As disclosed herein, applicants have
discovered that the irreversibilities contributing to this poor overall
efficiency can be reduced, reducing the overall cost of cooling servers (as
well as the corresponding cost of operating data centers). [0059] As
between two bodies (or fluids) at different temperatures, heat flows from
the higher-temperature body to the lower-temperature body. For a given
amount of transferred heat, such heat transfer is less irreversible (e.g.,
the associated energy retains more "usefulness," or is of a "higher
quality") when both temperatures are higher as compared to a heat transfer
process occurring at lower temperatures. Methods, systems, and apparatus
are disclosed for efficiently cooling heat-generating electronic
components, as by transferring heat from the components at a first
temperature (e.g., about 158 0F in some instances) to a liquid coolant at a
"high" temperature (e.g., a dielectric liquid coolant such as, 



for example, mineral oil at a temperature of, for example, about 105 0F).
Such heat transfer from the heat-generating components at the first
temperature to a coolant at a "high"temperature can be less irreversible
than transferring the same quantity of heat from the components at the
first temperature to a coolant at a "low" temperature (e.g., air at a
temperature of, for example, 65 0F). [0060] The methods, systems, and
apparatus disclosed herein take advantage of this thermodynamic principle
to improve the overall efficiency of cooling electronic components, as can
be applied to, for example, independently operable servers of the type
commonly used in a data center. Such improved cooling efficiency can reduce
the overall cost of operating a data center by reducing electricity
consumed for cooling purposes. [0061] In some disclosed embodiments, the
reduced temperature differences (resulting in lower irreversibility) allows
for heat to be recaptured. In other embodiments, the reduced temperature
differences reduces (or altogether removes) the need for refrigeration. In
all of the disclosed embodiments, the corresponding cooling cycle
efficiency of the cooling system increases as compared to conventional,
commercially available cooling cycles. OVERVIEW [0062] FIG. IA and FIG. IB
depict alternative exemplary systems 100 and 200, respectively, for cooling
one or more independently operable servers containing heatgenerating
electronic components, such as can be arranged in one or more server racks,
for example, in a data center. Some disclosed systems and methods reduce
the temperature difference between heat generating (or dissipating)
components and a cooling medium (also referred to herein as "coolant" or
"liquid coolant") used to cool the components by maintaining a coolant
temperature (e.g., an average bulk fluid temperature) at an acceptably
elevated temperature compared to conventional cooling technologies. Such an
elevated coolant temperature can reduce the power consumed for cooling
purposes (e.g., heat can be more readily rejected from a "high-temperature"
coolant to the environment than from a "low-temperature" coolant). [0063]
FIG IA illustrates one embodiment of cooling system 100 for cooling a rack
of independently operable servers. The system 100 includes a tub or tank
110 containing a dielectric liquid coolant into which a plurality of
servers 120 may be immersed. Mounting members or rails to be described
hereinafter are positioned within the interior volume of thetank 110 and
are configured to receive and mount the plurality of servers 120 as a rack
of servers into the tank 110. Such a tank 110 may have an opening for
access to each of the servers mounted in the rack. At least a portion of
each server 120 is submerged within the dielectric liquid coolant for
sufficiently cooling each respective server when the tank 110 is
sufficiently full of the liquid coolant. Preferably, each of the servers
during operation is completely submerged within the dielectric liquid
coolant. [0064] The liquid coolant heated by the servers 120 in the server
rack is then fluidly coupled through suitable piping or lines to a pump
130, which pumps the heated liquid coolant through suitable piping or lines
to a remotely or distally located heat exchanger 140 associated with a
heat-rejection or cooling apparatus 150. The distally heat exchanger 140
rejects the heat from the incoming heated liquid coolant and fluidly
couples the cooled liquid coolant through a return fluid line or piping 170
back into the tank 110. Thus, at least a portion of the liquid coolant
completes a fluid circuit through the servers 120 in the tank 110, pump
130, heat exchanger 140, and back into the tank 110. The heat rejected from
the heated liquid coolant through the heat exchanger 140 may then be
selectively used by alternative heat rejection or cooling apparatus 150 to
be described hereinafter to dissipate, recover, or beneficially use the
rejected heat depending on the different environmental conditions and/or
server operating conditions to which the system is subject. [0065] The
system 100 includes a computer controller 180 of conventional design with
suitable novel applications software for implementing the methods of the
present invention. The controller 180 may receive monitor signals of
various operational parameters 



from various components of the cooling system 100 and the environment and
may generate control signals to control various components of the cooling
system to maintain the heated liquid coolant exiting the servers in the
tank at a specific elevated temperature in order to sufficiently cool each
of the servers while reducing the total amount of energy needed to cool the
servers. Particularly, the controller 180 monitors the temperature of the
liquid coolant at at least one location within the fluid circuit, for
example where the heated liquid circuit exits the plurality of servers. The
controller 180 may also monitor the temperature of the heat-generating
electronic components in the servers in the server racks by electrically
connecting the controller 180 to the diagnostic output signals generated by
conventional rack-mountable servers. The controller may also monitor the
flow of the dielectric liquidcoolant. Based upon such information, the
controller 180 may output signals to the pump 130 and heat rejection or
cooling apparatus 150 to adjust the flow of the liquid coolant through the
fluid circuit and the amount of the heat being rejected by the heat
rejection or cooling apparatus 150 for sufficiently cooling each respective
server while maintaining the heated liquid coolant exiting the servers at
the elevated temperature to reduce the amount of energy consumed to
sufficiently cool each of the servers in the server rack. [0066] FIG IB
illustrates one embodiment of an alternative cooling system 200 for cooling
a rack of independently operable servers. The system 200 includes a tub or
tank 210 containing a liquid dielectric coolant into which a plurality of
servers 120 (not shown) can be immersed. Mounting members to be described
hereinafter are positioned within the interior volume of the tank 210 and
are configured to receive and mount the plurality of servers 120 as a rack
of servers into the tank 210. Such a tank 210 may have an open top for
access to each of the servers mounted in the rack. At least a portion of
each server 120 is submerged within the dielectric liquid coolant for
sufficiently cooling each respective server when the tank 210 is
sufficiently full of the liquid coolant. Preferably, each of the servers
during operation is completely submerged within the dielectric liquid
coolant. [0067] Unlike the cooling system 100, heated dielectric liquid
coolant does not flow outside the tank 210. Instead, the fluid circuit 270
of the flowing dielectric liquid coolant is completely internal to the tank
210. A thermal coupling device 280, such as a heat exchanger, is mounted
within the tank 210 within the fluid circuit through the servers so that at
least a portion of the heated dielectric liquid coolant flow exiting the
servers flows through the thermal coupling device 280. Cooled dielectric
liquid coolant exits the coupling device 280 and at least a portion of the
cooled dielectric coolant circulates in the internal fluid circuit 270 back
through the servers. [0068] The system 200 includes a secondary heat
rejection or cooling apparatus 250 having a cooling fluid, such as a gas or
liquid flowing in piping or lines, forming a second fluid circuit 290
wherein the secondary cooling apparatus 250 includes an associated remotely
or distally located heat exchanger (not shown) that rejects heat from the
cooling fluid in the second fluid circuit through the distally remote heat
exchanger. [0069] The heat rejected from the heated cooling fluid in the
second fluid circuit through the heat exchanger associated with the
secondary cooling apparatus 250 may then beselectively dissipated,
recovered, or beneficially used depending on the different environmental
conditions and/or server operating conditions to which the system is
subject. [0070] The system 200 includes a computer controller 280 with
suitable novel applications software for implementing the methods of the
present invention. The controller 180 may receive monitor signals of
various operational parameters from various components of the cooling
system 200 and the environment and may generate control signals to control
various components of the cooling system to maintain the heated liquid
coolant exiting the servers in the tank 210 at a specific elevated
temperature in order to sufficiently cool each of the plurality of servers
while reducing the total amount of energy needed to cool the servers.
Particularly, the controller 280 monitors the temperature of the liquid
coolant at at least one location within the internal fluid circuit, for
example, where the heated liquid circuit exits the servers immersed in the
tank. The controller 280 may also monitor the temperature of 



the heat-generating electronic components in the servers in the server
racks by electrically connecting the controller to the diagnostic output
signals generated by conventional rackmountable servers. The controller may
also monitor the flow and temperature of the cooling fluid in the external
fluid circuit 290. Based upon such information, the controller 180 may
output signals to the heat rejection or cooling apparatus 250 to adjust the
flow of the cooling liquid through the external fluid circuit and the
amount of the heat being rejected by the heat rejection or cooling
apparatus 250 for sufficiently cooling each respective server while
maintaining the heated liquid coolant exiting the servers at the elevated
temperature to reduce the amount of energy consumed to sufficiently cool
each of the servers. Preferably, the elevated temperature is a temperature
significantly higher than the typical comfortable room temperature for
humans and lower than the maximum permissible temperature of the most
sensitive heat generating electronic component in the servers. [0071] As
previously described, a computer controller is used control different
components of the cooling system to maintain the exiting dielectric liquid
coolant temperature at an acceptable elevated temperature. By maintaining
the existing coolant at an elevated level, the cooling system may be used
with a number of different techniques for using or dissipating the heat
(e.g., heat recapture, low power heat dissipation, or refrigeration).[0072]
In some embodiments, an average bulk fluid temperature of the coolant can
be maintained at a temperature of about, for example, 105 0F, which is
significantly higher than a typical room temperature, as well as the
maximum average outdoor temperature by month in the U.S. (e.g., about 75 0F
during summer months). At a temperature of about 105 0F, heat can be
rejected to the environment (e.g., the atmosphere or nearby cooling sources
such as rivers) with little power consumed, or recaptured as by, for
example, heating the same or an adjacent building's hot-water supply or
providing indoor heating in cold climates. [0073] By maintaining a coolant
temperature in excess of naturally occurring temperatures,
irreversibilities and/or temperature differences present in a server
cooling system may be reduced. A reduction in irreversibilities in a
thermodynamic cycle tends to increase the cycle's efficiency, and may
reduce the overall power consumed for cooling the servers. [0074] In a
conventional cooling system, about one-half watt is consumed by the cooling
system for each watt of heat generated in a component. For example, a
cooling medium (e.g., air) can be cooled to about 65 0F and the components
to be cooled can operate at a temperature of about, for example, 158 0F.
This large difference in temperature results in correspondingly large
inefficiencies and power consumption. In addition, the "quality" of the
rejected heat is low, making the heat absorbed by the cooling medium
difficult to recapture after being dissipated by the component(s). However,
with a cooling medium such as air, such a large temperature difference may
be necessary in conventional systems in order to achieve desired rates of
heat transfer. For example, one-dimensional heat transfer, QI -D, can be
modeled as the quotient of a temperature difference, D T, divided by a
thermal resistance, Rth (i-e., = ). [0075] . Accordingly, for a given heat
dissipation from a component, a temperature difference between the
component and a stream of liquid coolant needs to be larger for higher
thermal resistance than for a lower thermal resistance. Typically, a flow
of gas (e.g., air) has a higher thermal resistance value than a flow of
liquid (e.g., a dielectric liquid coolant). Accordingly, a gas cooling
fluid typically requires a larger temperature difference than a liquid
coolant.ILLUSTRATIVE EMBODIMENTS OF THE SYSTEM AND APPARATUS [0076] In FIG.
2, the cooling system 300 illustrates one embodiment of the cooling system
100 of FIG. IA in more detail. The system 300 includes a tub or tank 310
containing a liquid coolant into which a plurality of servers 120 can be
immersed. Mounting members to be described hereinafter are positioned
within the interior volume of the tank 310 and are 



configured to receive and mount the plurality of servers as a rack of
servers into the tank 310. Such a tank 310 may have an opening for access
to each of the servers mounted in the rack. At least a portion of each
server 120 is submerged within the liquid coolant for sufficiently cooling
each respective server when the tank 310 is sufficiently full of the liquid
coolant. Preferably, each of the servers during operation is completely
submerged within the liquid coolant. [0077] The liquid coolant heated by
the servers 120 in the server rack is then fluidly coupled through suitable
piping or lines to a pump 330, which pumps the heated liquid coolant
through suitable piping or lines through a filter 360 to one or more fluid
valves 390. The fluid valve 390 may be remotely controlled to connect the
heated liquid coolant being pumped through the collection piping from the
tank 310 to a controller-selected one of alternative remotely or distally
located heat exchangers associated with alternative heat rejection or
cooling apparatus 350, such as an outside air radiator 352 permitting
cooling with outside ambient atmospheric air, a refrigeration system 354, a
heat recovery system 356, or an evaporative cooler 358. The distally
located heat exchanger associated with a selected one of the alternative
heat rejection or cooling apparatus 350 then rejects the heat from the
incoming heated liquid coolant and fluidly couples the cooled liquid
coolant through a return fluid line or piping 370 back into the tank 310.
Thus, at least a portion of the liquid coolant completes a fluid circuit
through the servers 120 in the tank 310, pump 330, a heat exchanger
associated with a heat-rejection apparatus 350, and back through piping 370
into the tank 310. The heat rejected from the heated liquid coolant through
the heat exchanger may then be used by the selected one of alternative heat
rejection or cooling apparatus 350 to dissipate, recover, or beneficially
use the rejected heat depending on the different environmental conditions
and/or server operating conditions to which the cooling system 300 is
subject.[0078] The cooling system 300 includes a computer controller 380
with suitable applications software which may receive monitor signals of
various operational parameters from various components of the system 300
and the environment and may generate control signals to control various
components of the system 300 to maintain the heated liquid coolant exiting
the servers in the tank at a specific elevated temperature in order to
sufficiently cool each of the plurality of servers while reducing the total
amount of energy needed to cool the servers. Similar to previous
embodiments, the controller 380 monitors the temperature of the liquid
coolant at at least one location within the fluid circuit, for example
where the heated liquid coolant exits the plurality of servers. The
controller may also monitor the temperature of the heat-generating
electronic components in the servers 120 in the server racks by
electrically connecting the controller 380 to the diagnostic output signals
generated by conventional servers. The controller 380 may also monitor the
flow of the liquid coolant through the tank and/or fluid circuit. Based
upon such information, the computer controller may output signals to the
pump 330 and heat rejection or cooling apparatus 350 to adjust the flow of
the liquid coolant through the fluid circuit and the amount of the heat
being rejected by the heat rejection or cooling apparatus 350 for
sufficiently cooling each respective server when the tank 310 is
sufficiently full of the liquid coolant while maintaining the heated liquid
coolant exiting the servers at the elevated temperature to reduce the
amount of energy consumed to sufficiently cool each of the plurality of
servers. In addition, the controller 380 also may operate an optimization
program within the applications software as discussed hereinafter to
determine which of the alternative heat rejection apparatus 350 connected
to the fluid valve 390 provides the most efficient means of rejecting the
heat from the heated liquid coolant given the environmental and server
operating conditions. It should be noted, however, that the cooling system
300 does not necessarily require different methods of heat dissipation. In
some instances it may be more cost effective to only have one. In FIGS. 3
thru 6, a suitable fixture or rack apparatus 400 for immersing a rack of 



independently operable servers in a liquid coolant 422 is depicted. The
apparatus 400 includes a tub or tank 410 and mounting members for mounting
the servers, as will be described in more detail hereinafter. The tank 410
may be fabricated of steel, a sufficiently strong plastic that is
compatible with the dielectric liquid coolant used as a cooling medium,or
other suitable material. The tank 410 may face upward with an open top 430
to form an open interior volume and may be shaped to have a length L, width
W, and height H with the minimum footprint to insert multiple servers 120.
Suitable mounting members may be used to mount the servers in the tank to
form the server rack 470 within the tank. The tank 410 may be shaped and
the L, W, and H dimensions sized such that multiple standard-sized servers,
typically measured in units of "U" or 1.75 inches (as shown in FIG. 4), can
be supported without significant modification. [0079] The tank is
fabricated to have an inlet pipe or line 440 from a piping system connected
to a heat exchanger for the flow of lower temperature or cooled liquid
coolant into the tank 410 and an outlet pipe or line 450 connected to
collection piping for the flowing or pumping of heated coolant out of the
tank to the external heat exchanger associated with one or more of the
heat-rejection or cooling systems described in connection with FIGS. IA,
IB, and 2. [0080] The server rack itself may have a number of different
implementations. Preferably, the mounting members are configured to
mountably receive the plurality of servers in a vertical orientation,
thereby minimizing the footprint of the servers relative to the ground, and
with the "front" 1 panel facing upward for easy installation and removal of
a server without the need to remove or disturb any other server within the
tank 410. [0081] The mounting members may be also configured to mount the
servers such that the top level 460 of the liquid coolant completely
submerges the top level 472 of the server rack 470 formed by the multiple
servers 120. As a consequence, a volume of liquid coolant collects in a
common manifold area above the server rack 470 to improve the circulation
of the liquid coolant through the plurality of servers, thereby enhancing
the cooling of each respective server. The mounting members may also be
configured to mount the servers in the server rack 470 above the bottom of
the tank to create a volume of liquid coolant between each respective
server and the bottom of the tank such that the flow of the dielectric
liquid coolant through the servers is improved. Preferably, the mounting
members are configured to mount the servers closely adjacent to one another
in the server rack to restrict 1 Upwards is defined as one of the two
smallest sides of a rectangular computer. The "back" is generally referred
to as the side with wires inserted, such as power, communications, etc.the
flow of the dielectric liquid coolant between the vertically-oriented
servers, such that the flow of the dielectric liquid coolant through the
servers is enhanced. [0082] A pump, such as pump 330 in FIG. 2, may pump
liquid coolant from the external heat exchanger through the piping system
into the tank 410 to maintain coolant fluid circulation within the tank.
The liquid coolant may flow through each installed server and exit at the
server side positioned opposite the inlet to the tank. In FIGS. 3 thru 6,
the inlet piping 440 is located at one end of the rectangular tank 410 near
the bottom of the tank; whereas the outlet piping 450 is located nearer the
top of the tank. This configuration permits the liquid coolant heated by
the heat generating components in the servers to naturally rise through the
servers and exit through the top or "front panel" of the servers. [0083]
The servers may be configured to minimize mixing of the incoming liquid
coolant with outgoing liquid coolant. Each tank may be shaped (or have a
member installed) to reduce the flow of coolant around the installed server
(e.g., to reduce by-pass flow), thereby improving coolant flow over each
heat generating component and/or respective heat sink in each of the
multiple servers. [0084] Alternatively, the location of the piping 440 and
450 may be reversed such that the heated liquid coolant may exit from the
installed servers through its "rear" panel) into the outlet into the
collection piping system. The collection piping transports the heated
liquid coolant to the heat exchanger for rejecting at least some of the
heat absorbed from the 



installed servers. [0085] In another alternative rack design (not shown in
the drawings), the tank 410 is divided into a plurality of bins with each
bin being sized to receive one corresponding server with the "front panel"
facing upward. The external pump pumps coolant from the external heat
exchanger through the piping system into each bin to maintain a coolant
fluid circulation within the tank and each respective bin. The liquid
coolant may flow through each installed server and exit at a side
positioned opposite the inlet to the tank and/or inlet to the bin. In
addition, each bin may be configured to minimize mixing of the incoming
liquid coolant with outgoing liquid coolant. Each bin may be shaped (or
have a member installed) to reduce the flow of coolant around the installed
server (e.g., to reduce by-pass flow), improving coolant flow over each
heat-generating component and/or respective heat sink in each of the
servers.[0086] FIGS. 7 and 8 depict another illustrative embodiment of a
suitable fixture or server rack apparatus 500 for immersing a rack of
independently operable servers in a liquid coolant 522 wherein the surface
of the liquid coolant 524 is above the top of the server rack. FIG. 7 shows
an end elevation view of the apparatus 500, which includes a tub or tank
510 mounted on a mount 515 into which the servers 120 are submerged. The
tank 510 may have an open top to form an open interior volume into which
the servers may be mounted in a vertical orientation with the front panel
facing upward toward the open top of the tank. The tank 510 is shaped and
sized like the embodiment shown in FIGS. 3-6 except as otherwise noted
herein below. The inlet piping 540 is located near one end of one of the
longer sides of the rectangular tank near the bottom of the tank. The
output piping 550 is located at the opposite end of the opposing longer
side of the rectangular tank also near the bottom of the tank. In this
configuration, the fluid flow 560 of the liquid coolant entering the tank
through the inlet piping is initially through the volume 562 of liquid
coolant formed by the longer side of the tank containing the inlet piping
540 and the side 572 of the server rack 570 of servers 120 and then through
the side 572 of the server rack through the servers 120 and out the
opposite side 574 of the server rack into a volume 576 of liquid coolant
formed by the side 574 of the server rack and the longer side of the tank
containing the outlet piping 550. [0087] FIG. 9 depicts an end elevation
view of yet another illustrative embodiment of a suitable fixture or server
rack apparatus 600 for use in connection with a combination of system 100
of FIG. IA and system 200 of FIG. IB. In such a combination, there are two
alternative modes of operating the cooling system for cooling the
dielectric liquid coolant wherein the controller may switch the mode of
operation depending on the environmental conditions. The tank 610 is shaped
and sized like the embodiment shown in FIGS. 3-6 except as noted herein
below. The tank 610 also may have an open top to form an open interior
volume into which the servers may be mounted in a vertical orientation with
the front panel facing upward toward the open top of the tank. The inlet
piping 640 is located nearer one end of one of the longer sides of the
rectangular tank than the middle and is located nearer the bottom of the
tank than the middle. The output piping 650 is located nearer the opposite
end of the same longer side of the rectangular tank nearer the top of the
tank. In the first mode of operation utilizing a mode of operation
comparable to that of FIG. IA , the fluid flow 660 of the liquid coolant
entering the tank through the inlet piping 640 isinitially through the
space 662 formed by the bottom of the side of the tank containing the inlet
piping 640 and the bottom 672 of the server rack 670 of servers 120 and
then through the bottom 672 of the server rack through the servers 120 and
out the front panel side 674 of the server rack into a space 676 formed by
the top 674 of the server rack and the top surface 622 of the liquid
coolant and nearer the outlet piping 650. To permit the second mode of
operation similar to FIG. IB, a second heat exchanger 680 associated with
an additional secondary cooling apparatus is mounted within the tank 610
and a second inlet piping 682 and a second output piping 684 are inserted
through the wall of the tank 610 and fluidly coupled to the heat exchanger
to permit the flow of a separate second cooling fluid through the input
piping 682, second heat exchanger 680, and outlet piping 684 back to the
second 



secondary cooling apparatus. [0088] In the second mode of operation, the
pump associated with the first mode of operation is deactivated by the
controller such that the fluid circuit flow of the dielectric liquid
coolant to the external heat exchanger of the first secondary cooling
apparatus is deactivated. Next the internal heat exchanger 680 associated
with the second alternative secondary cooling apparatus is activated by the
controller. In this mode the fluid flow of the dielectric fluid within the
tank is reconfigured such that the heated dielectric liquid coolant fluid
flow 660 flowing out of the servers 120 does not flow out of the outlet
piping 650. Instead, at least a portion of the liquid coolant fluid flow
660 is through the heat exchanger 680 to the bottom of the tank 610 and
then back through the servers 120. The heat rejected from the heat
exchanger 680 is thermally coupled to the second cooling fluid of the
second secondary cooling system for dissipation or recovery. [0089] FIG. 10
depicts an end elevation view of yet another illustrative embodiment of a
suitable fixture or server rack apparatus 700 for use in connection with a
combination of system 100 of FIG. IA and system 200 of FIG. IB. In such a
combination, there are two different modes of operating the cooling system
for cooling the dielectric liquid coolant. The tank 710 is shaped and sized
like the embodiment shown in FIGS. 3-6 except as noted herein below. The
tank 710 also may have an open top to form an open interior volume into
which the servers 120 may be mounted in a horizontal orientation with the
front panel facing toward the shorter side of the rectangular tank in which
the inlet piping 740 is located. The inlet piping 740 is located nearer one
end of one of the shorter sides of the rectangular tankthan the middle and
is located nearer the bottom of the tank than the middle. The output piping
750 is located nearer the opposite end of the same shorter side of the
rectangular tank nearer the top of the tank. In the first mode of operation
utilizing a mode of operation comparable to that of FIG. IA, the fluid flow
760 of the liquid coolant entering the tank through the inlet piping 640 is
initially through the space 762 formed by a longer side of the tank and the
lower side 772 of the server rack 770 of servers 120 and then through the
bottom 772 of the server rack through the servers 120 and out the front
panel 774 of the server rack into a space 776 formed by the front 774 of
the server rack and the shorter side of the tank nearer the outlet piping
750. To permit the second mode of operation similar to FIG. IB, a second
heat exchanger 780 associated with an additional secondary cooling
apparatus is mounted within the tank 710 and a second inlet piping 782 and
a second output piping 784 are inserted through the wall of the tank 710
and fluidly coupled to the heat exchanger to permit the flow of a separate
second cooling fluid through the input piping 782, second heat exchanger
780, and outlet piping 784 back to the second secondary cooling apparatus.
[0090] In the second mode of operation, the pump associated with the first
mode of operation is deactivated by the controller such that the fluid
circuit flow of the dielectric liquid coolant to the external heat
exchanger of the first secondary cooling apparatus is deactivated. Next the
internal heat exchanger 780 associated with the second alternative
secondary cooling apparatus is activated by the controller. In this mode
the fluid flow of the dielectric fluid within the tank is reconfigured such
that the heated dielectric liquid coolant fluid flow 760 flowing out of the
servers 120 does not flow out of the outlet piping 750. Instead, at least a
portion of the liquid coolant fluid flow 760 is through the heat exchanger
780 to the bottom of the tank 710 and then back through the servers 120.
The heat rejected from the heat exchanger 780 is then thermally coupled to
the second cooling fluid of the second secondary cooling system for
dissipation or recovery. [0091] A combination of the system 100 and 200
using the alternative server rack apparatus of FIG. 9 and FIG. 10 that
permit two different modes of operating the server rack cooling system for
cooling the dielectric liquid coolant may be useful in certain applications
and climates, for example, in an arid climate having cool nights and very
hot days. During the cool days, the combination system employing the
embodiments of FIG. 9 or FIG. 10may be used in a first mode similar to that
of FIG IA wherein the dielectric fluid is fluidly 



coupled to an external heat exchanger associated with a radiator-type
secondary cooling system. During the hot days, the combination system may
be used in a second mode similar to that of FIG IB wherein the dielectric
liquid coolant is fluidly coupled through the internal heat exchanger,
which is associated with a second secondary cooling apparatus, such as a
vapor-compression cycle refrigeration cooling system. [0092] FIG. 11, 13
and 14 depict another illustrative embodiment of a suitable fixture or rack
apparatus 800 for immersing side-by-side immersion-cooled server racks of
standard commercially available versions of independently operable servers,
such as those depicted in FIG. 12A for example, in a liquid coolant 822
with the electrical connections to the servers shown. The tank 810 may face
upward with an open top 812 to form an open interior volume and may be
shaped to have a length L, width W, and height H with the minimum footprint
to insert two rows or racks 830 and 832 of multiple servers 820. The tank
810 may be shaped and the dimensions sized such that multiple
standard-sized servers 820, typically measured in units of "U" or 1.75
inches (as shown in FIG. 12A), can be supported in two racks without
significant modification. Suitable mounting members may be used to mount
the servers in the tank to configure the server rack 830 and 832 within the
tank. Specifically, the mounting members (not shown) may be fixedly
attached along the length L of each longer side of the tank 810 and in the
middle of the tank 810 between the two shorter ends of the tank to support
the rack ears 836 of a standard rack-mountable server 820 shown in Fig 12A.
[0093] The tank may be fabricated to have an inlet pipe or line from a
piping system connected to a heat exchanger for the flow of lower
temperature or cooled liquid coolant into the tank 810 and an outlet pipe
or line connected to collection piping for the flowing or pumping of heated
coolant out of the tank to the distally located heat exchanger as shown in
FIG. 3. After the two racks of multiple servers are mounted inside the tank
810, the level 824 of the liquid coolant 822 may be carefully controlled to
adjust the amount of flow of the liquid coolant through the multiple
servers and to adjust the amount of heat removal from the heat generating
electronic components in the servers. [0094] Orienting the servers in a
vertical orientation with the front panel facing upward may also be
advantageous due to the typical movable hard drive installation in
astandard commercially available server. When a standard server such as
shown in FIG. 12A, is oriented vertically the hard drive 890 of such a
server, as shown in FIG. 12B, is oriented vertically with the cables
connecting at the bottom of the drive. In some embodiments, a
liquid-resistant or liquid-proof enclosure 892 for the movable hard-drive
890 in each of the servers 820 can be inserted over the hard-drives prior
to the submersion of the server into the dielectric liquid coolant to
protect moving components (e.g., a platen) from being damaged by the
viscous liquid coolant. The previously inserted liquid-proof enclosure
traps air within the hard drive. The entrapped air prevents the dielectric
liquid coolant from entering the portion of the disk drive containing the
movable disk. [0095] As shown in FIG. 13, the apparatus 800 also may have
cable trays 840 mounted along two sides of the tank 810 paralleling the
sides of the server racks 830 and 832 to organize the signal and control
network cabling 842 from the servers to the controller and other computers
in the data center and beyond. The apparatus 800 may further have power
distribution units ("PDUs") 844 mounted above the space between the server
racks in order to distribute needed electrical power through suitable power
cables 846 to the multiple servers. [0096] The server racks 830 and 832 may
have a number of different implementations, some of which affect the flow
characteristics of the liquid coolant. Preferably, the mounting members are
configured to mountably receive the plurality of servers in a vertical
orientation, thereby minimizing the footprint of the servers relative to
the ground, and with the "front" 2panel facing upward for easy installation
and removal of a server without the need to remove or disturb any other
server within the tank 810. 



[0097] As shown in FIGS. 12 andl4, the mounting members may be also
configured to mount the servers such that the top level 824 of the liquid
coolant 822 completely submerges the top level 872 of the server rack 830
and 832 formed by the multiple servers 820. As a consequence, a volume of
liquid coolant collects in a common manifold area above each of the servers
to improve the circulation of the liquid coolant through the plurality of
servers, thereby enhancing the cooling of each respective server. The
mounting Upwards is defined as one of the two smallest sides of a
rectangular server. The "back" is generally referred to as the side with
wires inserted, such as power, communications, etc.members may also be
configured to mount the servers in the server rack 830 and 832 above the
bottom of the tank 810 to create a volume of liquid coolant between each
respective server 820 and the bottom of the tank such that the flow of the
dielectric liquid coolant through the plurality of servers is improved.
Preferably, the mounting members are configured to mount the servers
closely adjacent to one another in the server rack to restrict the flow of
the dielectric liquid coolant between the plurality of vertically-oriented
servers, such that the flow of the dielectric liquid coolant through the
plurality of servers is enhanced. [0098] The tank may also be sized and
shaped to minimize the mixing of the cool and heated liquid coolant.
Further the apparatus 800 may include a removable top so that in the event
of fire the top of the fixture apparatus may be enclosed to smother the
fire. [0099] A pump, such as the pump 330 of FIG. 2, may pump liquid
coolant from the external heat exchanger through the piping system into the
tank 810 to maintain the coolant fluid flow within the tank. The liquid
coolant may flow through each installed server and exit through the outlet
pipe from the tank. Similar to FIGS. 3 thru 6, the inlet piping may be
located at one end of the rectangular tank 810 near the bottom of the tank;
whereas the outlet piping may be located nearer the top of the tank. This
configuration permits the liquid coolant heated by the heat generating
components in the servers to naturally rise through the servers and exit
through the front panel of the servers. Because the flow is relatively low
in comparison to the total volume of the container, the fluid conducts to
be relatively uniform temperature. [00100] Alternatively, the location of
the inlet and outlet piping may be reversed such that the heated liquid
coolant may exit from the installed servers through its "rear" panel) into
the outlet into the collection piping system. The collection piping
transports the heated liquid coolant to the heat exchanger for rejecting at
least some of the heat absorbed from the installed servers. [00101] In
commercially available servers, fans are often installed within the servers
for distributing a cooling medium (e.g., air) among components and regions
within the server. In some embodiments, these fans can help distribute a
liquid coolant among the components and regions within the servers. Coolant
flow rate and/or fan-speed can be adjusted in response to a component
temperature excursion above a pre-determinedthreshold, or even a
computational workload, to maintain component temperatures at or below a
maximum specified (as by, for example, the component manufacturer)
temperature, while at the same time maintaining a coolant temperature at an
elevated temperature, such as at the highest coolant temperature that still
maintains component temperatures below a maximum threshold. Fan speed can
be modulated, but does not have to be. [00102] Additional fluid velocity
augmentation devices, such as multiple fans 880 may be mounted under each
of the server racks 830 and 832 in the volume of liquid coolant between the
plurality of servers in each respective rack and the bottom of the tank to
increase the mixing of the dielectric liquid coolant within the tank, and
improving the flow of the coolant through the plurality of servers. Other
suitable fluid augmentation devices include nozzles mounted on the end of a
line from the cooling inlet piping which may be directed toward the desired
entry point of the liquid coolant into the servers to enhance the fluid
velocity of the liquid coolant through the servers. [00103] FIG. 14 shows
the fluid flow 860 of the liquid coolant 822 through the servers 



820 in the apparatus 800 in more detail. For the server configuration
shown, the fluid flow 860 of the liquid coolant entering the tank through
the lower inlet piping is initially directed through a volume of liquid
coolant 862 formed by the bottom of the side of the tank containing the
inlet piping and the bottom 872 of the server rack 830 and 832 of servers
820 and then through the bottom 872 of the server rack through the servers
820 and out the top side 874 of the server rack into a volume of liquid
coolant 876 formed by the top 874 of the server rack and the top surface
822 of the liquid coolant and near the outlet piping located near the top
of the tank. [00104] In summary, the immersion of servers into a liquid
coolant within the fixture apparatus various embodiments 400, 500, 600,
700, and 800 of the fixture apparatus shown in FIGS. 3-14 reduces the
temperature difference between server electronic components generating heat
and the liquid coolant medium used to cool them. Preferably, the median
coolant temperature can be kept at as high a level as possible while
maintaining a component temperature during operation below its specified
maximum allowable operating temperature. Such a high-temperature cooling
medium provides sufficient cooling while reducing the power consumed to
cool the electronic components, as compared to cooling the component with a
lower-temperature cooling medium such as refrigerated air.[00105] Therefore
the fixture apparatus for submerging the servers in a dielectric liquid
coolant provides for the following advantages: • designed to maximize fluid
temperature through flow control • permits the use of standard commercially
available rack mountable servers originally designed for air cooling with
minimal modification from commercially available configurations • transfers
heat from all heat-generating components into the dielectric liquid coolant
without the addition of cold plates, piping or additional parts internal to
the servers • has an open top which enables the removal of any server
without the removal of a different server (e.g., servers remain
independently operable) • only requires the tank enclosure to be sealed
rather than needing to hermetically seal each of the individual servers
being mounted in the server racks • guides the fluid flow such that cool
liquid coolant flows in and heated liquid coolant flows out of the servers
• may use fluid velocity augmentation, such as fan speed modulation, to
enhance the flow of the liquid coolant through each server • improves the
installed density of servers in a conventional server room or data center
by minimizing the footprint of the servers relative to the ground • uses a
controller (i) to monitor temperature and flow conditions in the fixture
apparatus and the power consumption of the servers and cooling system to
minimize the amount of power required to cool the servers and (ii) to
control the heat exchange method, thereby enabling the data center to
recapture heat, if desirable, or dissipate the heat in the most efficient
manner when heat recapture is not desirable. [00106] FIG. 15 depicts a
schematic illustration of a system for cooling multiple immersion-cooled
server racks of the type shown in, for example, FIG. 3, located in a server
room of a typical data center. The cooling system includes multiple server
racks 310 fluidly coupled in parallel through respective outlet piping 315
to collection piping system 902. Collection piping 902 collects the heated
liquid coolant flowing out of the multiple server racks. The collection
piping 902, in turn, is fluidly coupled to a pump 904 which pumps the
collected heated liquid coolant through piping 906 to a fluid line 908 in a
heat exchanger910. The heated liquid coolant in fluid line 908 is thermally
coupled to a cooling fluid flowing in line 912 through heat exchanger 910.
The cooling fluid in line 912 , in turn, is coupled to a selected one of
the heat rejection or cooling apparatus 352, 354, 356, etc as previously
described for either dissipating or recovering the heat absorbed by the
cooling fluid from the heated liquid coolant. 



[00107] The cooled liquid coolant exiting from line 908 of the heat
exchanger 910 is then fluidly coupled through distribution piping system
914 to a plurality of parallel piping 916 fluidly connected to valves 918.
Valves 918, in turn, are fluidly connected in parallel to the inlet piping
370 to the multiple server racks 310. [00108] The controller 920 may
receive monitoring signals of the temperature of the heated liquid coolant
exiting the server racks through control lines 924. The controller may also
receive monitoring signals of the flow rate of the liquid coolant at
various locations in the piping 902 through control lines 925 and the flow
rate through the pump 904 through control lines 926. The controller 920 may
also receive monitoring signals relating to the type of secondary cooling
apparatus selected and the flow rate of the cooling fluid in the selected
secondary cooling apparatus through control lines 928. [00109] As
previously described, the controller 920 operates an application program
that processes the information received from the various monitoring signals
to selected an optimum elevated temperature, the energy needed to be
rejected by the system to cool the servers and maintain the elevated
temperature, and then determine the various settings of the system 900
components that will be needed to maintain the elevated temperature of the
liquid coolant exiting the servers in the multiple server racks 310. The
various components of the system 900 controlled by the controller 920
include any fluid velocity augmentation devices positioned below the server
racks, the pump 904, valves 918, the valve 390 (FIG. 2) for switching the
flow of the heated liquid coolant between secondary cooling apparatus to be
used, and the selected secondary cooling apparatus. [001 10] The controller
may adjust the flow of the cooled liquid coolant through each of the valves
918 to adjust the volume of the flow of the cooled liquid coolant among the
different server racks 310. [001 11] The controller 920 may control any
fluid velocity augmentation devices in the server racks through control
lines and may also control the pumping rate of the pump 904through control
line 930. In addition, the controller 920 through control line 932 may
select one of a plurality of secondary cooling apparatus 352, 354, 356, etc
to optimize the secondary cooling apparatus to the environmental and server
rack conditions and control the amount of heat being rejected by the
selected secondary cooling apparatus by adjusting the flow of the cooling
fluid in the secondary cooling apparatus. METHODS OF OPERATION [001 12]
FIG. 16 illustrates an exemplary method of cooling one or more
independently operable servers at least partially immersed within a liquid
coolant inside a tank with an open interior volume. This method may be used
to implement the systems of FIG. IA or IB. The method includes a step 10 of
flowing a dielectric liquid coolant in a fluid circuit through the
plurality of servers immersed within the dielectric liquid coolant for
absorbing at least a portion of any heat being dissipated by the servers.
In step 12, the temperature of the liquid coolant at at least one location
is monitored by a controller. In step 14, the controller determines what
temperature would be the optimum elevated temperature of the heated
dielectric liquid coolant as it exits the plurality of servers such that
the exiting liquid coolant sufficiently cools the plurality of servers
while reducing the amount of energy consumed to sufficiently cool each
respective server. As previously described, the determined optimum elevated
temperature perferably is a temperature significantly higher than the
typical comfortable room temperature for humans and lower than the maximum
permissible temperature of the most sensitive heat generating electronic
component in the servers. In step 16, the controller periodically
determines the energy needed to reject the heat absorbed by the liquid
coolant and maintain the liquid coolant exiting the servers at the elevated
temperature. In step 18, the optimum secondary cooling apparatus to
minimize the amount of energy needed to be consumed to maintain the
elevated temperature and cool the servers is selected. In step 20, the
liquid coolant heated by the servers is thermally coupled to a heat
exchanger. In step 22, a portion of the heat absorbed by the liquid coolant
from the servers 



is rejected through the heat exchanger. In step 24, in response to the
energy consumption periodically determined, the amount of heat rejected
through the heat exchanger is periodically adjusted such that the liquid
coolant exiting the plurality of servers at theelevated temperature
sufficiently cools the plurality of servers while reducing the amount of
energy consumed to sufficiently cool each respective server. [001 13] It
should be noted that it may be desirable to also monitor (i) the
temperature of the liquid coolant at multiple locations, (ii) the flow rate
of the liquid coolant through the fluid circuit; (iii) the temperature of
the electronic components of the respective servers by connecting the
temperature signals outputted by standard commercially available servers to
the controller; and the power consumption of the servers through signals
outputted from the servers to the controller. [001 14] In response to the
energy consumption periodically determined and the flow rate, the
controller may periodically adjust the pumping rate of the liquid coolant
through the pump and the heat exchanger such that the liquid coolant
exiting the servers at the elevated temperature sufficiently cools the
plurality of servers while reducing the amount of energy consumed to
sufficiently cool each respective server. [001 15] In connection with the
operation of the cooling system depicted in FIG IA and further depicted in
FIGS. 2, the heat exchanger for directly rejecting heat from the liquid
coolant is located externally to the fixture apparatus and the method
employs a first type of thermodynamic cycle. In this embodiment, the step
of thermally coupling the liquid coolant to a heat exchanger includes the
step of fluidly coupling the liquid coolant to a distally located heat
exchanger and the flow of the liquid coolant passes through outlet piping
in the tank into a fluid circuit that is partially outside the tank. A more
detailed description of the steps occurring in this embodiment is set forth
below in connection with the description of FIGS. 17A and l7B. [001 16] In
connection with the operation of the cooling system 200 in FIG IB, the
coupler, such a heat exchanger, for directly rejecting heat from the heated
liquid coolant flowing through the servers 120 is located internally to the
tank 210. The method of operation of this system 200 employs a second type
of thermodynamic cycle. In this alternative system embodiment, the method
include the steps of flowing at least a portion of the cooler liquid
coolant in a first fluid portion of a first liquid circuit through each of
the plurality of servers wherein the liquid coolant exiting the plurality
of servers is heated to an elevated temperature; thermally coupling the
heated liquid coolant through a coupler to a cooling fluid located in a
first portion of a second fluid circuit; fluidly coupling the heatedcooling
liquid in the first portion of the second fluid circuit to an external
distally located heat exchanger for rejecting at least a portion of the
heat coupled through the second liquid circuit from the heated dielectric
liquid coolant; fluidly coupling the cooled cooling fluid from the distally
located heat exchanger through a second portion of the second liquid
circuit to the coupler; thermally coupling the cooled cooling fluid through
the coupler to the first portion of the first liquid circuit. [00 117] This
method may also include the steps of monitoring the flow rate of the
cooling fluid in the second fluid circuit; and monitoring the temperature
of at least one of the heat-generating electronic components in each
respective server; periodically determining the energy needed to cool the
servers by the cooling of the heated cooling fluid to the cooler
temperature. This method may also include the step of enhancing the fluid
velocity of the dielectric fluid through the servers using fluid velocity
augmentation devices, such fans or nozzles, as previously described herein.
[00 118] In response to the controller periodically determining the energy
needed to reject the absorbed heat and the flow rate of the cooling liquid,
the method may also include the step of periodically adjusting the flow
rate of the cooling liquid through the second fluid circuit such that the
liquid coolant exiting the servers at the elevated temperature sufficiently
cools the servers while reducing the amount of energy consumed to
sufficiently cool each respective server. The method may further include
the steps of monitoring the temperature 



of the cooling fluid in the second fluid circuit. [00 119] It should be
noted that in the system employing the second type of thermodynamic cycle,
the flow of the liquid coolant is contained inside the tank in which the
servers are submerged. Preferably the fluid flow in this first fluid
circuit is from the bottom of the server through the server to the top
thereof, where heated liquid coolant exists. Once the coolant exits the top
of the server, the coolant is cooled by passing it through the heat
exchanger in the liquid coolant. Once cooled, the liquid coolant sinks to
the bottom of the tank. The flow of the coolant in the first fluid circuit
can be supplemented by fans, internal or external to the servers. In the
preferred embodiment, cooling takes place near the exiting of the heated
coolant from the servers. [00120] FIG. 17A illustrates the physical steps
in the method of cooling one or more independently operable servers
immersed in tank of liquid coolant employing the system ofFIG. IA or FIG.
3. In step 24 of the method, liquid coolant flows into the tank with the
servers. In step 26, the dielectric liquid coolant flows in a fluid circuit
through the plurality of servers immersed within the dielectric liquid
coolant for absorbing at least a portion of any heat being dissipated by
the servers. In step 28, the fluid velocity of the liquid coolant may be
optionally enhanced by using fluid velocity augmentation devices, such as
fans, in and outside of the servers. In step 30, the temperature of the
liquid coolant is monitored at least one location within the fluid circuit.
In step 32, a secondary cooling system is selected to minimize energy
usage. In step 34, the liquid coolant heated by the servers pumped to a
heat exchanger distally located from the tank. In step 36, at least a
portion of the heat absorbed by the liquid coolant is rejected through the
heat exchanger. In step 38, the cooled liquid coolant is fluidly coupled
back to the tank. In step 40, the fluid flow in the secondary cooling
apparatus is adjusted to aid in maintaining the elevated temperature. In
step 42, the rejected heat is dissipated through the selected secondary
cooling apparatus or in step 44, the rejected heat is recovered by the
selected secondary cooling apparatus. [00121] FIG. 17B illustrates the
computer controller-based steps in the method of cooling one or more
independently operable servers immersed in tank of liquid coolant employing
the system of FIG. IA or FIG. 3. In step 52, the controller receives
signals relating to the system operation from various sensors relating to
temperature, fluid flow, and power consumption. In step 54, the controller
determines the optimum elevated temperature for cooling the servers. In
step 56, the controller periodically determines the energy needed to cool
the plurality of servers. In response to the energy consumption
periodically determined, the controller in step 58 periodically determining
the optimal secondary cooling method to minimize energy usage in order to
adjust the amount of heat to be rejected through the heat exchanger such
that the liquid coolant exiting the plurality of servers at the elevated
temperature sufficiently cools the plurality of servers while reducing the
amount of energy consumed to sufficiently cool each respective server. In
step 60, the controller determines the preferable settings for the
dielectric liquid coolant pump, type of secondary cooling apparatus, and
optionally the fluid velocity of the liquid coolant in the tank. In step
62, the controller executes the output control signals to the pumps,
valves, and fluid velocity augmentation systems, i.e. fans or nozzles. In
step 64, the controller provides a failurenotification in the event the
system fails to operate as planned. For example the controller provides a
failure notification is there is a safety issue or the system is down for
any reason. [00122] In summary, the implementation of the methods disclosed
in the exemplary alternate embodiments described herein for cooling server
racks immersed in a dielectric liquid coolant by maintaining an elevated
temperature can minimize the amount of power required to cool the servers.
This accomplished by taking advantage of the number of irreversibilities or
temperature differences present in a normal server cooling system that can
be reduced to improve cooling efficiency. The reduction of temperature
differences between the incoming cool liquid coolant and the heated
outgoing liquid coolant is made possible by: controlling the amount of
liquid coolant flow to each server by using speed modulated fluid velocity
augmentation devices to ensure flow is sufficient to cool 



components with changing demand; and a controller maintaining coolant
temperature at the maximum allowable temperature (e.g., between 90 and 130
degrees F) by using the efficient heat removal methods described. The
computer controller doesn't necessarily have to separate from the servers
that are being cooled. [00123] The reduction of irreversibilities in the
thermodynamic cycle increases efficiency and therefore reduces overall
power consumed. With the described features, it should be possible to
safely maintain fluid temperatures at approximately 105 F, significantly
higher than room temperature and the maximum US average outdoor temperature
by month (75 degrees F during summer). At this temperature, heat can be
dissipated with minimum power or recaptured by heating other unrelated
components such as building hot water or ambient indoor air in cold
climates. Further, this method should minimize or remove the need for
energy-intensive thermal processes associated with the current methods of
server/computer cooling, which include refrigeration as the primary mode of
heat dissipation. If heat dissipation (versus heat recapture) is desired,
an elevated coolant temperature allows methods requiring up to 1/8 or less
power than conventional refrigeration methods. These low energy methods can
include direct fluid to air heat exchangers, evaporative cooling, or other
similar methods. Refrigeration, however, can be used to supplement cooling
methods disclosed herein while consuming a minimum power.[00124] Although
the invention has been described with reference to specific embodiments,
these descriptions are not meant to be construed in a limiting sense.
Various modifications of the disclosed embodiments, as well as alternative
embodiments of the invention will become apparent to persons skilled in the
art upon reference to the description of the invention. It should be
appreciated by those skilled in the art that the conception and the
specific embodiment disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes
of the present invention. It should also be realized by those skilled in
the art that such equivalent constructions do not depart from the spirit
and scope of the invention as set forth in the appended claims. [00125] It
is therefore, contemplated that the claims will cover any such
modifications or embodiments that fall within the true scope of the
invention.WHAT IS CLAIMED IS: 1. A system for cooling a plurality of
independently operable servers containing heat generating electronic
components, the system comprising: at least one tank defining an interior
volume and having a coolant inlet for receiving a dielectric liquid coolant
within the interior volume and having a coolant outlet for allowing the
dielectric liquid coolant to flow from the interior volume, the coolant
inlet and the coolant outlet being fluidly coupled to each other; one or
more mounting members positioned within the interior volume and configured
to mountably receive a plurality of independently operable servers; a
dielectric liquid coolant; a heat exchanger fluidly coupled to the coolant
outlet of the at least one tank, the heat exchanger being distally located
from the tank; a pump fluidly coupled to the heat exchanger and the
interior volume of the at least one tank, the pump being configured for
pumping the liquid coolant through a fluid circuit comprising a first
circuit portion extending from the coolant inlet of the tank to each
server, a second circuit portion extending from each respective server to
the coolant outlet, a third circuit portion extending from the coolant
outlet to the heat exchanger, and a fourth portion extending from the heat
exchanger to the coolant inlet; a controller for monitoring the temperature
of the liquid coolant at at least one location within the fluid circuit and
for adjusting the flow of the dielectric liquid coolant through the fluid
circuit in order that the dielectric liquid coolant is maintained at an
elevated temperature as it exits the second circuit portion of the fluid
circuit;wherein the at least one tank is configured for containing the
dielectric liquid coolant within the interior volume such that, when the
plurality of servers are mountably 



received therein, at least a portion of each server is submerged within the
dielectric liquid coolant for sufficiently cooling each respective server
when the tank is sufficiently full of the liquid coolant while maintaining
the exiting heated liquid coolant at the elevated temperature to reduce the
amount of energy consumed to sufficiently cool each of the plurality of
servers. 2. The system of claim 1, further comprising at least a second
tank for mountably receiving and submersibly cooling a plurality of
independently operable servers, wherein the at least second tank is fluidly
coupled to the heat exchanger. 3. The system of claim 1, wherein: the at
least one tank defines an open interior volume; the one or more mounting
members are configured to mountably receive the plurality of servers in a
vertical orientation within the interior volume, thereby minimizing the
footprint of the server relative to the ground, with the front of the
server facing upward for easy installation and removal of a server without
the need to remove or disturb any other server within the tank. 4. The
system of claim 3, wherein:the one or more mounting members are configured
to mountably receive the plurality of servers closely adjacent to one
another to restrict the flow of the dielectric liquid coolant between the
plurality of vertically-oriented servers, such that the flow of the
dielectric liquid coolant through the plurality of servers is enhanced. 5.
The system of claim 3, wherein: the one or more mounting members are
configured to mountably receive the plurality of servers above the bottom
of the tank to create a volume of liquid coolant between each respective
server and the bottom of the tank such that the flow of the dielectric
liquid coolant through the plurality of servers is improved. 6. The system
of claim 5, further comprising: a plurality of fluid velocity augmentation
devices mounted in the volume of liquid coolant between the plurality of
servers and the tank to increase the fluid velocity of the dielectric
liquid coolant within the tank, thereby improving the flow of the coolant
through the plurality of servers. 7. The system of claim 5, further
comprising a volume of the dielectric liquid coolant sufficiently filling
the at least one tank such that, when the plurality of servers are
mountably received, at least a substantial portion of each server received
is submerged within the dielectric liquid coolant for sufficiently cooling
each respective server.8. The system of claim 5, wherein, when the
plurality of servers are mountably received, each respective server is
submerged within the liquid coolant such that a volume of dielectric liquid
coolant collects in a common manifold area above the plurality of servers
to improve the circulation of the liquid coolant through the plurality of
servers, thereby enhancing the cooling of each respective server. 9. The
system of claim 5, wherein: at least one of the heat generating electronic
components is a disk drive with a movable disk; and a liquid-proof
enclosure is inserted over the disk drive prior to the submersion of the
server in the dielectric liquid coolant wherein the liquid-proof enclosure
traps air about the movable disk and prevents liquid coolant from entering
the portion of the disk drive containing the movable disk. 10. The system
of claim 3, wherein: each of the plurality of servers comprise a standard
rack-mountable server; and the one or more mounting members are configured
to mountably receive a plurality of standard rack-mounted servers wherein
the standard rack-mounted server can be supported within the tank without
significant modification.11. The system of claim 1, wherein the elevated
temperature is a temperature significantly higher than the typical
comfortable room temperature for humans and lower than the maximum
permissible temperature of the most sensitive heat generating 



electronic component in the plurality of servers. 12. The system of claim
11, wherein the elevated temperature is a temperature in the range of 90
degrees F and 130 degrees F. 13. The system of claim 11, wherein the
elevated temperature is a temperature in the range of 100 degrees F and 110
degrees F. 14. The system of claim 1, further comprising a secondary
cooling apparatus thermally coupled to the heat exchanger. 15. The system
of claim 14, wherein the secondary cooling apparatus is configured to
recover at least a portion of any heat absorbed by the liquid coolant from
the plurality of servers in the at least one tank. 16. The system of claim
15, wherein the secondary cooling apparatus comprises one selected from a
group consisting of a vapor-cycle refrigeration apparatus, a cooling tower
apparatus, a fan for blowing atmospheric ambient air, a heat engine for
performing work, a heat recovery apparatus, and a combination thereof.17.
An apparatus for cooling a plurality of independently operable servers
containing heat generating electronic components, the cooling apparatus
comprising: at least one tank defining an open interior volume and having a
coolant inlet for receiving a dielectric liquid coolant within the open
interior volume and having a coolant outlet for allowing the coolant to
flow from the open interior volume, the coolant inlet and the coolant
outlet being fluidly coupled to each other; and one or more mounting
members positioned within the interior volume and configured to mountably
receive a plurality of servers in a vertical orientation within the
interior volume for minimizing the footprint of the server relative to the
ground and with the front of the server facing upward for easy installation
and removal of each of the plurality of servers without removing or
disturbing any other server; wherein the at least one tank is configured
for containing a dielectric liquid coolant within the interior volume such
that, when a plurality of servers are mountably received therein, at least
a portion of each server being mountably received is submerged within the
dielectric liquid coolant for sufficiently cooling each respective server
when the tank is sufficiently full of the liquid coolant. 18. The apparatus
of claim 17, further comprising a volume of the dielectric liquid coolant
sufficiently filling the at least one tank such that, when a plurality of
independently operable servers are mountably received, at least a portion
of each server being mountably received is submerged within the liquid
coolant for sufficiently cooling each respective server.19. The apparatus
of claim 17, wherein, when a plurality of independently operable servers is
mountably received, each respective server is completely submerged within
the dielectric liquid coolant for sufficiently cooling each respective
server. 20. The apparatus of claim 19, wherein: the one or more mounting
members are configured to mountably receive the plurality of servers
closely adjacent to one another such that, when a plurality of servers are
mountably received into the tank, the flow of the dielectric liquid coolant
between the plurality of vertically-oriented servers is restricted, thereby
enhancing the flow of the dielectric liquid coolant through the plurality
of servers. 21. The apparatus of claim 19, wherein: the one or more
mounting members are configured to mountably receive the plurality of
servers above the bottom of the tank, thereby creating a volume between
each respective server and the tank that improves the flow of to permit the
flow of dielectric liquid coolant through the plurality of servers. 22. The
apparatus of claim 21, further comprising: a plurality of fluid velocity
augmentation devices mounted in the volume between the plurality of servers
and the bottom of the tank such that, when the plurality of servers are
mounted received therein, the mixing of the dielectric liquid coolant
within the tank 



is increased, thereby improving the flow of the liquid coolant through the
plurality of servers.23. The apparatus of claim 17, wherein: the one or
more mounting members are configured to mountably receive a plurality of
standard rack-mountable servers. 24. A system for cooling a plurality of
independently operable servers containing heat generating electronic
components, comprising: at least one tank defining an open interior volume;
one or more mounting members positioned within the open interior volume and
configured to mountably receive a plurality of independently operable
servers within the interior volume; a dielectric liquid coolant circulating
in a first fluid circuit through the plurality of servers; a secondary
cooling system having a cooling fluid flowing in a second fluid circuit
wherein the secondary cooling system rejects some of the heat from the
cooling fluid; a coupler located within the at least one tank for thermally
coupling heated dielectric coolant from the portion of the first fluid
circuit exiting the plurality of servers within the tank to the cooling
fluid in the second fluid circuit for rejecting some of the heat from such
heated dielectric coolant;a controller for monitoring the temperature of
the dielectric liquid coolant at at least one location within the first
fluid circuit and for adjusting the flow of the cooling fluid through the
second fluid circuit in order that the heated dielectric liquid coolant
exiting the plurality of servers is maintained approximately at an elevated
temperature wherein the elevated temperature is a temperature significantly
higher than the typical comfortable room temperature for humans and lower
than the maximum permissible temperature of the most sensitive heat
generating electronic component in the plurality of servers; wherein the at
least one tank is configured for containing the dielectric liquid coolant
within the interior volume such that, when the plurality of servers are
mountably received therein, at least a substantial portion of each server
is submerged within the dielectric liquid coolant for sufficiently cooling
each respective server when the tank is sufficiently full of the liquid
coolant maintaining the liquid coolant [exiting] the plurality of servers
at approximately the elevated temperature to reduce the amount of energy
consumed to sufficiently cool each respective server. 25. The system of
claim 24 in combination with a building HVAC system, the HVAC system being
configured to distribute at least some of the heat absorbed by the
dielectric liquid from the submerged and independently operable servers
within at least a portion of the building. 26. The system in combination
with the building HVAC system of claim 25, wherein the system is externally
located relative to the building.27. A server room fluidly connected to a
first heat exchanger distally located from the server room, the server room
comprising: at least one tank defining an interior volume for containing a
dielectric liquid coolant; one or more mounting members positioned within
the interior volume and configured to mountably receive a plurality of
independently operable servers; a plurality of independently operable
servers wherein each of the plurality of servers is mountably received by
the one or more mounting members such that each of the respective servers
is submerged in a volume of dielectric liquid coolant for absorbing heat
from each respective one of the plurality of servers; and at least one
coupler for thermally coupling the dielectric liquid coolant heated by the
plurality of servers to the first heat exchanger for rejecting the heat
absorbed by the 



dielectric liquid coolant from each of the plurality of servers. 28. The
server room of claim 26, wherein the coupler comprises a fluid coupler for
fluidly coupling the dielectric liquid coolant to the first heat exchanger.
29. The server room of claim 27, wherein: the tank comprises a tank having
an open interior volume for containing a dielectric liquid coolant;the one
or more mounting members are positioned within the interior volume of the
tank and configured to mountably receive each of the plurality of servers
in a completely submerged position within the liquid coolant such that a
volume of liquid coolant collects in a common manifold area above the
plurality of servers to improve the circulation of the liquid coolant
through the plurality of servers; above the bottom of the tank such that a
volume of liquid coolant is created between each of the respective servers
and the bottom of the tank; and such that the dielectric liquid coolant
flows in a first fluid circuit within the tank through each of the
plurality of servers; the coupler comprises: at least one heat exchanger
located internal to the tank and thermally coupled to the dielectric liquid
coolant heated by the plurality of servers; and a secondary fluid circuit
with a cooling fluid in fluid connection with the distally located heat
exchanger and the internally located heat exchanger wherein the dielectric
liquid coolant differs from the cooling fluid; and the distally located
heat exchanger is thermally coupled to the cooling fluid flowing in the
secondary fluid circuit wherein the distally located heat exchanger rejects
some of the heat from the cooling fluid which the cooling fluid absorbed
from the heated dielectric liquid coolant at the coupler. 30. The server
room of claim 29, wherein the one or more mounting members are configured
in a vertical orientation within the interior volume for minimizing the
footprint of the server relative to the ground, with the front of each
server facing upwardfor easy installation and removal of each respective
server without removing or disturbing any other server; and to receive the
plurality of the servers closely adjacent to one another such that when a
plurality of servers are mountably installed , the flow of the liquid
coolant between the sides of the plurality of servers is restricted,
thereby enhancing the flow of the liquid coolant through each of the
respective servers. 31. The server room of claim 29, wherein: the
internally located heat exchanger comprises an inlet coupler and an outlet
coupler in fluid communication with each other wherein the inlet coupler
receives a flow of the dielectric liquid from a first portion of the first
fluid circuit at a first temperature and the outlet coupler exhausts the
flow of the dielectric liquid at a second temperature lower than the first
temperature into a second portion of the first fluid circuit. 32. The
server room of claim 31, wherein the elevated temperature of the dielectric
liquid coolant is a temperature significantly higher than the typical
comfortable room temperature for humans and lower than the maximum
permissible temperature of the most sensitive heat generating electronic
component in the plurality of servers. 33. The server room of claim 31,
wherein the first temperature comprises: an elevated temperature in the
range of 90 degrees F and 130 degrees F.34. The server room of claim 31,
wherein the elevated temperature is a temperature in the range of 100
degrees F and 110 degrees F. 35. The server room of claim 27, wherein the
distally located heat exchanger is associated with a selected one of the
group consisting of a vapor-cycle refrigeration apparatus, a cooling tower
apparatus, a fan for blowing ambient air, a heat engine for performing
work, an electric generator, and a combination thereof. 36. The server room
of claim 27 in combination with a building HVAC system, the HVAC system
being configured to distribute at least some of the heat absorbed by the 



dielectric liquid from the submerged and independently operable servers
within at least a portion of the building. 37. The server room in
combination with the building HVAC system of claim 27, wherein the server
room is externally located relative to the building. 38. A method of
cooling a plurality of independently operable servers containing heat
generating electronic components at least partially immersed within a
dielectric liquid coolant inside a tank with an open interior volume ,
comprising: flowing a dielectric liquid coolant in a fluid circuit through
the plurality of servers immersed within the dielectric liquid coolant for
absorbing at least a portion of any heat being generated by each of the
respective servers;monitoring the temperature of the liquid coolant at at
least one location within the fluid circuit; determining the optimum
elevated temperature of the heated dielectric liquid coolant as it exits
the plurality of servers such that the liquid coolant sufficiently cools
the plurality of servers while reducing the amount of energy consumed to
sufficiently cool each respective server, wherein the elevated temperature
is a temperature significantly higher than the typical comfortable room
temperature for humans and lower than the maximum permissible temperature
of the most sensitive heat generating electronic component in the plurality
of servers; periodically determining by a controller the amount of energy
needed to reject the absorbed heat for cooling the plurality of servers;
thermally coupling the dielectric liquid coolant heated by the plurality of
servers to a heat exchanger distally located from the tank; rejecting at
least a portion of the heat absorbed by the dielectric liquid coolant; in
response to the periodic determination of the amount of energy needed to
reject the heat absorbed by the dielectric liquid coolant from the
plurality of servers by a controller, periodically adjusting the amount of
heat rejected through the heat exchanger such that the dielectric liquid
coolant exiting the plurality of servers at the elevated temperature
sufficiently cools the plurality of servers while reducing the amount of
energy consumed to sufficiently cool each respective server. 39. The method
of claim 38, wherein:the step of thermally coupling the liquid coolant to a
distally located heat exchanger comprises: flowing dielectric fluid from
the distally located heat exchanger at a second temperature through a
coolant inlet in the tank wherein the second temperature is lower than the
elevated temperature; flowing at least a portion of the dielectric liquid
coolant received into the tank through the coolant inlet through the
plurality of servers for absorbing at least a portion of any heat being
generated by each of the plurality of servers; flowing at least a portion
of the heated dielectric liquid coolant exiting the plurality of servers at
the elevated temperature through a coolant outlet in the tank wherein the
coolant outlet is fluidly coupled to the distally located heat exchanger in
order for at least a portion of the heat from the heated dielectric coolant
to be rejected; fluidly coupling the cooled dielectric liquid coolant from
the heat exchanger at substantially the second temperature to the coolant
inlet to the tank, whereby the dielectric liquid coolant completes a fluid
circuit through the heat exchanger and the plurality of servers in the tank
to reject at least a portion of the heat absorbed by the dielectric liquid
coolant from the plurality of servers; and the step of flowing a dielectric
liquid coolant through the plurality of servers comprises: flowing at least
a portion of the dielectric liquid coolant received into the tank at
approximately the second temperature through the plurality of servers
immersed within the dielectric liquid coolant for absorbing at least a
portion of any heat being dissipated by the plurality of servers.40. The
method of claim 39, further comprising: 



monitoring the flow rate of the dielectric liquid coolant through the fluid
circuit; and monitoring the temperature of at least one of the
heat-generating electronic components; in response to the periodic
determination of the amount of energy needed to reject the heat absorbed by
the dielectric liquid coolant from the plurality of servers and the flow
rate, pumping the dielectric liquid coolant through the fluid circuit and
periodically adjusting the flow rate of the dielectric liquid coolant
through the pump and the heat exchanger such that the dielectric liquid
coolant exiting the plurality of servers at the elevated temperature
sufficiently cools the plurality of servers while reducing the amount of
energy consumed to sufficiently cool each respective server. 4 1. The
method of claim 40, further wherein the step of monitoring the temperature
of the dielectric liquid coolant comprises: monitoring the temperature of
the dielectric liquid coolant at a plurality of locations within the fluid
circuit. 42. The method of claim 38, wherein: the step of flowing a
dielectric liquid coolant through the plurality of servers comprises:
flowing at least a portion of the dielectric liquid coolant at a second
temperature in a first fluid portion of a first liquid circuit through each
of the plurality of serverswherein the liquid coolant exiting the plurality
of servers is heated to an elevated temperature wherein the second
temperature is lower than the elevated temperature; the step of thermally
coupling the dielectric liquid coolant to a distally located heat exchanger
comprises: thermally coupling the heated dielectric liquid coolant through
a coupler to a cooling fluid located in a first portion of a second fluid
circuit; fluidly coupling the heated cooling fluid in the first portion of
the second fluid circuit to the distally located heat exchanger for
rejecting at least a portion of the heat coupled through the second liquid
circuit from the heated dielectric liquid coolant; fluidly coupling the
cooled cooling fluid at substantially the second temperature from the
distally located heat exchanger through a second portion of the second
liquid circuit to the coupler; and thermally coupling the cooled cooling
fluid through the coupler to the first portion of the first liquid circuit.
43. The method of claim 42, further comprising: monitoring the flow rate of
the cooling fluid in the second fluid circuit; and monitoring the
temperature of at least one of the heat-generating electronic components;
periodically determining the energy needed to reject the heat absorbed by
the dielectric liquid coolant from the plurality of servers by the cooling
of the heated cooling fluid to the second temperature;in response to the
periodic determination by a controller of the amount of energy needed to
reject the heat absorbed by the dielectric liquid coolant from the
plurality of servers and the flow rate of the cooling liquid, periodically
adjusting the flow rate of the cooling liquid through the second fluid
circuit such that the dielectric liquid coolant exiting the plurality of
servers at the elevated temperature sufficiently cools the plurality of
servers while reducing the amount of energy consumed to sufficiently cool
each respective server. 44. The system of claim 43, further comprising the
step of monitoring the temperature of the cooling fluid in the second fluid
circuit. 45. The method of claim 38, wherein the elevated temperature is a
temperature significantly higher than the typical comfortable room
temperature for humans and lower than the maximum permissible temperature
of the most sensitive heat generating 



electronic component in the plurality of servers . 46. The method of claim
38, wherein the elevated temperature is a temperature in the range of 90
degrees F and 130 degrees F. 47. The method of claim 38, wherein the
elevated temperature is a temperature in the range of 100 degrees F and 110
degrees F.48. The method of claim 38, further comprising a secondary
cooling apparatus thermally coupled to the heat exchanger wherein the
secondary cooling apparatus is configured to recover at least a portion of
any heat absorbed by the dielectric liquid coolant from the plurality of
servers in the tank. 49. The method of claim 48, further comprising:
exhausting the heat recovered by the secondary cooling apparatus from the
plurality of servers to the ambient atmosphere. 50. The method of claim 48,
further comprising: Beneficially using the heat recovered by the secondary
cooling apparatus from the plurality of servers by recycling heat into a
useful medium. 51. The method of claim 50, wherein the step of recycling
heat into a use medium comprises a selected one of a group of recycling
heat steps consisting of heating a building through its HVAC system,
operating a heat pump to perform work, generating electricity, heating
water, and a combination thereof: 52. The method of claim 38, wherein the
step of rejecting at least a portion of the heat absorbed by the dielectric
liquid coolant comprises:removing at least a portion of the heat at the
distally located heat exchanger through a selected one of a group of
secondary cooling apparatus consisting of a vaporcycle refrigeration
apparatus, a cooling tower, a fan for blowing ambient air, a heat engine
for performing work, an electric generator, and a combination thereof. 


