
C-GLYCOLIPIDS WITH E]VHANCED TH-I PROFILE FIELD OF THE
INVENTION The present invention is directed to novel
synthetic C-glycolipids that selectively induce a ThI
-type immune response characterized by enhanced IL- 12
secretion and increased activation of
antigen-presenting cells (APCs) such as dendritic
cells, and are useful in treating infections, cancers,
cell proliferative disorders, and autoimmune diseases,
both directly and as adjuvants. BACKGROUND OF THE
INVENTION ThI -type and Th2-type immune responses were
originally defined as immune responses mediated by two
distinct CD4+ T cell (helper T cell - Th) subsets that
secrete two different groups of cytokines. For a
recent review, see Berkers and Ovaa, Trends Pharmacol.
ScL, 2005, 26(5):252-257, and references cited
therein. ThI cells secrete ThI -type cytokines
including interferon-gamma (IFN-g) and interleukin 12
(IL-12). The principal function of Thl-type cytokines
is to support cellmediated immunity that results in
the elimination of tumor cells, viruses and other
intracellular pathogens by stimulating
phagocyte-mediated defense and increasing the activity
of CD8+ T cells (cytotoxic T cells) and natural killer
(NK) cells. In addition, ThI cytokines inhibit the
switching of immunoglobulin synthesis by B cells, and
suppress the production of certain immunoglobulin
isotypes such as IgGl and IgE, the latter being
particularly important for causing allergies. IL-12 is
secreted mainly by antigen-presenting cells (APCs)
including dendritic cells (DCs) and macrophages, and
activates CD8+ T cells and NK cells. Th2 cells secrete
Th2-type cytokines including IL-4, IL-5, IL-IO, and
IL-13. The principal function of Th2-type cytokines is
to support humoral immunity (e.g., stimulate IgE and
eosinophil/mast cell-mediated immune reactions) and to
down-regulate Thl-type immune responses. Dysregulation
of the balance between ThI- and Th2-type immune
responses causes disease. Many types of cancer are
characterized by a predominant Th2-type response, and
many pathogens evade the immune system by producing
cytokines that shift the ThI -Th2 balance to the Th2
mode (Wilson and Delovitch, 2003, Nat. Rev. Immunol, 3
: 2 11-222; Dredge, Cancer Immunol. Immunother., 2002,
51:521-531; Servet and Zitvogel, Curr MoI.Med., 2002,
2:739-756; Pinto, Pediatrics, 2006, Apr. 17 [Epub
ahead of print]). Many autoimmune diseases such as
asthma are also characterized by the shift of the ThI
-Th2 balance to the Th2 mode. On the contrary,
autoimmune diseases such as type 1 diabetes and
multiple sclerosis are mediated by autopathogenic ThI
cells and are characterized by hyporesponsive Th2
cells, which leads to a Thl-like cytokine profile
(Hayakawa et al., 2004, Curr. Med. Chem., 11 :
241-252; Wilson and Delovitch, 2003, Nat. Rev.
Immunol, 3 : 211- 222; Van Kaer, 2004, Immunol. Cell
Biol., 82: 315-322). Natural killer T (NKT) cells have
a crucial role in regulating ThI- and Th2-type immune
responses. NKT cells are a unique population of
lymphocytes that co-express markers of NK cells along
with a semi-invariant T cell receptor (TCR). In mice,
the TCR of most NKT cells consists of an invariant Va
chain encoded by the Val 4 and Jal 8 gene segments
paired with a variable set of Vb chains encoded mainly
by the Vb8.2, Vb7 or Vb2 gene segments. This TCR
enables NKT cells to recognize the major
histocompatibility complex (MHC) class I-like molecule
CDId, which is capable of presenting hydrophobic
molecules such as lipids and hydrophobic peptides to
NKT cells. Thus far, only a few molecules have been
shown to activate NKT cells. Of these,
alpha-galactosylceramide (a-GalCer), a glycolipid
originally extracted from Okinawan marine sponges
(Natori et al., Tetrahedron, 50: 2771-2784, 1994) is
the best characterized. A synthetic analog of
a-GalCer, KRN 7000 (2S,3S,4R)-l-O-(
a-D-galactopyranosyl)-2-(Nhexacosanoylamino)-
l,3,4-,-octadecanetriol, can be obtained from
Pharmaceutical Research Laboratories, Kirin Brewery
(Gumna, Japan) or synthesized as described in Morita
et al., J. Med. Chem., 1995, 38: 2176-2187. Other
a-GalCer derivatives are described in U.S. Pat. No.
5,780,441 (Kirin). Following the initial disclosures
by Kirin, a-GalCer has shown potential in the
treatment of several diseases, including primary
tumors and their metastases, infectious diseases such
as malaria and hepatitis B, and several autoimmune
diseases such as diabetes and asthma (see Hayakawa et
al, 2004, Curr. Med. Chem, 11:241-252; Wilson and
Delovitch, 2003, Nat. Rev. Immunol, 3:21 1-222;
Taniguchi et al, 2003, Annu. Rev. Immunol, 2 1 :483-
513 ; Van Kaer 2004, Immunol Cell Biol 82:315-322). It
has also been demonstrated that a- 



GalCer can be used as an adjuvant capable of enhancing
and/or extending the duration of the protective immune
responses induced by other antigens (see US
2003-0157135 and Gonzalez- Aseguinolaza et al., J Exp
Med., 2002, 195:617-24). a-GalCer can activate NKT
cells both in vitro and in vivo (Kawano et al, 1997,
Science, 278:1626-1629; B m et al, 1998, J . Immunol.,
161 :3271-3281 ; Spada et al, 1998,J. Exp. Med.,
188:1529-1534; Brossay et al, 1998, J. Exp. Med.
188:1521-1528). As shown in Figure 1, a-GalCer, when
present with CDId by APCs such as monocytes,
monocytederived immature dendritic cells and
macrophages, interacts with the TCR of NKT cells,
which subsequently activate both the NKT cells and the
APCs, and lead to the production of both the ThI -type
cytokine IFN-g and Th2-type cytokine IL-4 by NKT
cells. The IL- 12 receptor is then activated on the
cell surface of the NKT cells and, simultaneously,
IL-12 is produced by the activated APCs. IL-12
produced by the APCs induces a second wave of IFN- g
from the NKT cells and activates NK cells to also
produce IFN-g (Hayakawa et al, 2004, Curr. Med. Chem,
11:241-252; Kawano et al., 1997, Science, 278,
1626-1629; Godfrey et al., 2000, Immunol. Today,
21:573-583; Wilson et al., 2002, Trends MoI. Med.,
8:225-231; Matsuda et al., 2000, J. Exp. Med.,
192:741-753). Activation of NKT cells by a-GalCer thus
may result in the secondary activation of several
other cell types, including NK cells, B cells, CD8+ T
cells, dendritic cells and myeloid cells and in the
differentiation of CD4+ T cells into either ThI or Th2
cells. It has been demonstrated that the
administration of a-GalCer to mice resulted rapidly in
strong anti-malaria activity, inhibiting the
development of intra-hepatocytic stages of the rodent
malaria parasites, P. yoeli and P. berghei
(Gonzalez-Aseguinolaza et al., 2000, Proc. Natl. Acad.
Sci. USA, 97: 8461-8466). a-GalCer was unable to
inhibit parasite development in the liver of mice
lacking either IFN-g or the IFN-g receptor, indicating
that the anti-malaria activity of the glycolipid is
primarily mediated by IFN-g . IL-4 stimulated by
a-Gal-Cer allows the glycolipid to ameliorate a number
of different autoimmune diseases, including autoimmune
type 1 diabetes and autoimmune encephalomyelitis
(Wilson et al., 2002, Trends MoI. Med., 8:225-231).
Importantly, in addition to its ability to stimulate
immune responses, it has been demonstrated that
a-GalCer, independently of its dosage, does not induce
toxicity in rodents and monkeys (Nakagawa et al.,
1998, Cancer Res., 58: 1202-1207). The effectiveness
of a-GalCer therapy, however, is severely limited by
the concomitant stimulation of both ThI- and Th2-type
cytokines (i.e., IFN-g , IL-12 and IL-4) (Pal et al.,
2001, J. Immunol., 166:662-668; Berkers and Ovaa,
Trends Pharmacol. ScL, 2005, 26:252-257). Indeed,
little effect was observed in patients with solid
tumors in a Phase I study with a-GalCer (Giaccone et
al., 2002, Clin. Cancer Res., 8 : 3702-3709).
Treatment with a- GalCer has been shown to be more
effective if the cytokine profile of NKT cells is
shifted, e.g., towards Thl-type by administration of
CDld-pulsed dendritic cells (Fujii et al., 2002, Nat.
Immunol, 3 : 867-874).An a-GalCer analog that could
selectively induce ThI- or Th2-type immune response
would thus have a more promising therapeutic
potential. Several a-C-GalCer analogs have been
recently developed, where a carbon atom replaces the
oxygen atom of the glycosidic bond. See, e.g., U.S.
Pat. No. 6,635,622; Schmieg et al, 2003, J . Exp. Med,
198(1 1) :1631-1641; Chen et al., OrgLett, 2004,
6:4077-80; Yang et al., Angew Chem Int Ed Engl, 2004,
43:3818-22, and commonly owned U.S. Patent
Applications Nos. 10/462,21 1 (US 2004-0127429);
11/193,852 (US 2006-0019246); 11/096,340 (US
2005-0222048). Such analogs are resistant to
deglycosylation and therefore have a longer shelf-life
(Bertozzi et al.,. Synthesis of C-glycosides: stable
mimics of Oglycosidic linkages. In Modern Methods in
Carbohydrate Synthesis. Khan and O'Neill, editors.
Harwood Academic Publishers, London, UK, 1996, p.
316-351; Bertozzi et al., 1992. J. Am. Chem. Soc,
114:10639-10641; Levy and Tang, The Chemistry of
C-Glycosides, Elsevier Science Ltd., 1995; Postema,
C-Glycoside Synthesis, CRC Press, Inc., 1995).
a-C-GalCer CRONY 101 was the first example of a
C-glycoside that has a significantly improved
therapeutic potential compared with its O-glycosidic
counterpart. As demonstrated in Schmieg et al. (2003,
J . Exp. Med., 198: 1631-1641) and Yang et al. (2004,
Angew. Chem. Int. Ed. Engl, 43: 3818-3822), in vivo
administration of CRONY 101 results in diminished
production of the Th2-type cytokine IL-4 (as compared
to a-GalCer) and enhanced, prolonged production of the
ThI -type cytokines IFN-g and IL- 12 leading to a 100 



and 1000-fold improved activity against melanoma
metastases and malaria, respectively. The ThI -type
cytokine IL-12 has recently attracted a lot of
attention because of its essential role in the
interaction between the innate and adaptive arms of
immunity by regulating inflammatory responses and
innate resistance to infection and cancer (reviewed in
Colombo and Trinchieri, Cytokine Growth Factor Rev.,
2002, 13:155-68; Watford, Cytokine Growth Factor Rev.,
2003, 14:361-368). Endogenous IL-12 is required for
resistance to many pathogens and tumors. Indeed, in
experimental tumor models, recombinant IL-12 treatment
has a dramatic anti-tumor effect on transplantable
tumors, chemically induced tumors, and tumors arising
spontaneously in genetically modified mice. As
specified above, IL-12 is mostly secreted by various
APCs such as dendritic cells and macrophages and
contributes to ThI -type immune response (Roitt,
Brostoff, Male, Immunology, Mosby ed., 6th ed.; Ma and
Trinchieri, Adv Immunol, 2001, 79:55-92; Hilkens,
Blood, 1997, 90:1920-1926; Szabo, Annu. Rev. Immunol,
2003, 2 1:713-58). IFN-g and a cascade of other
secondary and tertiary pro-inflammatory cytokines
induced by IL-12 have a direct toxic effect on the
infected and tumor cells or may activate potent
anti-angiogenicmechanisms. The stimulating activity of
IL- 12 on antigen-specific immunity relies mostly on
its ability to determine or augment ThI and cytotoxic
T lymphocyte responses. Because of this ability, IL-12
has a potent adjuvant activity in cancer and other
vaccines. The promising data obtained in the
pre-clinical models of anti-tumor immunotherapy have
raised much hope that IL-12 could be a powerful
therapeutic agent against cancer. However, excessive
toxicity observed in the IL-12 clinical trials point
to the necessity to achieve IL-12 activation in a
local rather than systemic fashion. SUMMARY OF THE
INVENTION As follows from the Background Section,
above, there is a great need in the art for new
immuno-stimulatory compounds that have low in vivo
toxicity, high in vivo stability, and the ability to
selectively induce Thl-type immune responses, in
particular, Thl-type immune responses associated with
increased local IL-12 production. The present
invention addresses these and other needs in the art
by providing novel synthetic C-glycolipids. The
compounds of the present invention can treat diseases
which require a Th-I -type response for control
including, but not limited to, various infections,
cancers, proliferative disorders, and autoimmune
diseases. These compounds can also augment an
immunogenicity of an antigen in a mammal. The
C-glycolipids of the present invention include
compounds of formula (I) where X is O or NH; Y is
-CH2-CH2- or -CH=CH-; when Y is -CH2-CH2-, Q is
C23-C33 alkenyl or -R'-O-R 2; when Y is -CH=CH-, Q is
C27-C32 alkyl, C23-C32 alkenyl, -R^O-R 2, or C6-C8
alkyl substituted with phenyl; R1 and R2 are
substituted or unsubstituted alkyl or alkenyl groups
such that R1 and R2 combined have from 23 to 32 carbon
atoms;R3 is -OH or a monosaccharide and R4 is H, or R3
is H and R4 is -OH or a monosaccharide; and R5 is
hydrogen or a monosaccharide, and pharmaceutically
acceptable salts or esters thereof. In a preferred
embodiment; Y is -CH=CH- in a trans or cis
conformation. More preferably, Y is -CH=CH- in a trans
conformation. Preferred are those compounds which
stimulate increased secretion of IL-12. Such compounds
include: (depicted above are the trans- and
cis-conformers of the fatty acid Q chain [also called
GCKl 09 and GCK151, respectively]. In each case the
group Y is a trans-ethylene. and pharmaceutically
acceptable salts and esters thereof. These compounds
provide a ThItype response of superior specificity and
having a superior pharmacokinetic profile than CRONY.
Without being bound by any particular theory, these
compounds are believed toprovide an improved balanced
secretion of IL- 12 by dendritic cells and IFN-g by
NKT or NK cells, which further reflects the
specificity of the response and improves safety of the
compounds. These compounds also do not substantially
stimulate secretion of IL-4 by NKT or NK cells.
Additional C-glycolipids of the present invention
include compounds of the formula 



wherein Y is -CH2-CH2-; X is O, R5 is H, R3 is OH, R4
is H; and Q is -(CH2)27-CH3, and pharmaceutically
acceptable salts and esters thereof. Another
embodiment of the invention is a pharmaceutical
composition comprising a compound as defined above in
association with a pharmaceutically acceptable
carrier. The pharmaceutical composition may further
comprise an antigen. Yet another embodiment is a
method of stimulating a specific ThI -type response by
NKT cells and activating dendritic cells in a mammal,
which method comprises administering to the mammal an
effective amount of a compound of the present
invention. The compounds of the invention induce ThI
-type immune responses so selectively and efficiently
that they are effective in treatment both when used
directly and when used as adjuvants conjointly with
disease-specific antigens. Therefore, yet another
embodiment of the invention is a method for treating a
disease which requires a Th-I -type response for
control in a mammal in need thereof, which method
comprises administering to the mammal an effective
amount of the compound of formula (I). Non-limiting
examples of diseases which requires a Th-I -type
response for control include infections, cancers, cell
proliferative disorders, and Th2-type autoimmune
diseases. In a preferred embodiment, the disease which
requires a Th-I -type response for control is an
infectious viral disease, e.g., a human
immunodeficiency virus (HIV) infection, hepatitis C
virus (HCV) infection, hepatitis B virus (HBV)
infection, herpes virus infection, or respiratory
syncytial virus (RSV) infection. In another preferred
embodiment, the disease is a cancer, e.g., a solid
tumor such as a carcinoma of the prostate or breast.
In still another preferred embodiment, the disease is
asthma.Yet another embodiment is a method for
augmenting the immunogenicity of an antigen in a
mammal by immunizing the mammal with the antigen and
conjointly with an adjuvant comprising the compound of
formula (I) hi a preferred embodiment, the antigen is
HIV-specific, malaria-specific, or prostate
cancer-specific. Yet another embodiment is a method of
preparing the compounds of formula (I) as described
herein. A distinct embodiment is a method of preparing
a compound of formula (I) wherein X is O or NH; Y is
-CH2-CH2- or -CH=CH-; when Y is -CH2-CH2-, Q is
C23-C32 alkenyl or -R'-O-R 2; when Y is -CH=CH-, Q is
C27-C32 alkyl, C23-C32 alkenyl, -R'-O-R 2, or C6-C8
alkyl substituted with phenyl; R1 and R2 are
substituted or unsubstituted alkyl or alkenyl groups
such that R1 and R2 combined have from 23 to 32 carbon
atoms; R3 is -OH or a monosaccharide and R4 is H, or
R3 is H and R4 is -OH or a monosaccharide; and R5 is
hydrogen or a monosaccharide; and pharmaceutically
acceptable salts or esters thereof. The method
comprises the steps of: (a) reacting a compound of
formula (II) (H) to first remove PgI, followed by
treatment with a p-nitrophenyl ester having the
formula III:wherein Q is as defined above; and (b)
subsequently deprotecting Pg2 and Pg3, and optionally
hydrogenating the carbon-carbon double bond adjacent
the cyclic group to form a compound of formula (I).
According to one preferred embodiment, the compound of
formula (II) is BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic representation of cytokine and
immune cell activation by Oand C-glycolipids. Figures
2A-C depict kinetic profiles of ThI -type cytokine
IFN-g that is released upon administration of the
compounds of the invention or control compounds to
BALB/c (Fig. 2A) and C57BL/6 (Figs. 2B-C) mice. The
compounds represented in the figures are A= compound
(trans-A-1), B= compound (A-2), C= compound (A-3), D=
compound (A-4), E= compound 



(A-5), Z=control (PBS alone), CRONY=a-C-GalCer,
KRN=a-GalCer, GCKl 09 (A-I transconformer), GCKl 5 1
(A-I cis-conformer), and GCKl 52 [A-7]. The levels of
IFN-g in the sera were measured at 0, 2, 6, 12, 24,
48, and 72 hours after the compound administration by
enzyme-linked immunosorbent assay (ELISA). The data
are expressed as the average +/- standard deviation
(SD) of two different dilutions of pooled sera.
Figures 3A-C depict kinetic profiles of Thl-type
cytokine IL-12 that is released upon administration of
the compounds of the invention or control compounds to
BALB/c (Fig. 3A) and C57BL/6 (Figs. 3B-C) mice. The
compounds represented in the figures are A= compound
(trans-A-1), B= compound (A-2), C= compound (A-3), D=
compound (A-4), E= compound (A-5), Z=control (PBS
alone), CRONY=a-C-GalCer, KRN=a-GalCer, GCK109
(trans-A-1), GCKl 5 1 (cis-A-1), and GCKl 52 [A-7].
The levels of IL-12 in the sera were measured at 0, 2,
6, 12, 24, 48, and 72 hours after the compound
administration by enzyme-linkedimmunosorbent assay
(ELISA). The data are expressed as the average +/- SD
of two different dilutions of pooled sera . Figures
4A-C depict kinetic profiles of Th2-type cytokine IL-4
that is released upon administration of the compounds
of the invention or control compounds to BALB/c (Fig.
4A) and C57BL/6 (Figs. 4B-C) mice. The compounds
represented in the figures are A= compound
(trans-A-1), B= compound (A-2), C= compound (A-3), D=
compound (A-4), E= compound (A-5), Z=control (PBS
alone), CRONY=a-C-GalCer, KRN=a-GalCer, GCKl 09
(trans-A-1), GCKl 5 1 (cis-A-1), and GCKl 52 [A-7].
The levels of IL-4 in the sera were measured at 0, 2,
6, 12, 24, 48, and 72 hours after the compound
administration by enzyme-linked immunosorbent assay
(ELISA). The data are expressed as the average +/- SD
of two different dilutions of pooled sera. Figures 5A
and 5B depict cytokine levels of the compounds of the
invention measured by ELISA in an experimental human
in vitro NKT cell system. Concentration of IFN-g or
IL-4 was determined by ELISA in the culture
supernatants of immature dendritic cells (DCs) which
were co-cultured for 18 hours with syngeneic CD14-
Peripheral Blood Mononuclear Cells (PBMCs) in the
presence of various glycolipids (i.e., GCKl 09
[trans-A ll , GCK151 [cis-A-1], GCK127 [A-2], GCK152
[A-7], and control compounds CRONY=a- C-GalCer and
KRN=a-GalCer). Figures 6A and 6B depict the numbers of
cytokine-secreting PBMCs upon incubation with the
compounds of the invention measured by ELISPOT in an
experimental human in vitro NKT cell system. The
numbers of PBMCs secreting IFN-g or IL-4 was
determined by ELISPOT upon co-culturing of immature
DCs with syngeneic CD14- PBMCs in the ELISPOT plate
for 22-26 hours in the presence of various glycolipids
(i.e., GCK142A [A-6] GCK109 [trans-A-1], GCK151
[cis-A-1], GCK127 [A-2], GCK152 [A-7], and control
compounds CRONY= a-C-GalCer and KRN=a-GalCer).
DETAILED DESCRIPTION OF THE INVENTION Definitions The
terms "ThI -type immune response" and "Th2-type immune
response" as used herein refer to immune responses
mediated by ThI and Th2 CD4+ helper T cells,
respectively.The terms "ThI -type cytokines" and
"Th2-type cytokines" refer to cytokines produced by
ThI and Th2 cells, respectively. ThI -type cytokines
include, but are not limited to, IFN-g and IL-12. A
non-limiting example of a Th2-type cytokine is IL-4.
The term "disease which requires a Th-I -type response
for control" refers to a disease characterized by a
predominantly Th2-type immune response and a Th2-type
cytokine profile. Examples of such diseases include
without limitation infectious viral diseases such as
HIV infection, HCV infection, HBV infection, herpes
virus infection, and RSV infection; cancer such as a
carcinoma of the prostate or breast carcinoma; and
Th2-type autoimmune diseases such as asthma and
allergy. The term "selective induction of ThI -type
immune response" as used herein refers to induction
and/or enhancement and/or increased duration of a ThI
-type immune response which does not cause a
concurrent induction and/or enhancement and/or
increased duration of a Th2-type immune response. For
the compounds of the present invention, selective
induction of ThI -type immune response is reflected in
the enhanced IL-12 secretion and increased activation
of dendritic cells (as compared to compounds in the
prior art), which occurs without a concurrent
enhancement of IL-4 secretion. 



The term "monosaccharide" refers to a sugar molecule
having a chain of 3-10 carbon atoms in the form of an
aldehyde (aldose) or ketone (ketose). Suitable
monosaccharides contemplated for use in the invention
include both naturally occurring and synthetic
monosaccharides. Non-limiting examples of suitable
monosaccharides include trioses, such as glycerose and
dihydroxyacetone; tetroses such as erythrose and
erythrulose; pentoses such as xylose, arabinose,
ribose, xylulose ribulose; methyl pentoses
(6-deoxyhexoses), such as rhamnose and fucose;
hexoses, such as glucose, mannose, galactose, fructose
and sorbose; and heptoses, such as glucoheptose,
galamannoheptose, sedoheptulose and mannoheptulose.
Preferred monosaccharides include, but are not limited
to, hexoses. An "effective amount" of the compound for
treating a disease, e.g., a cancer, an infectious
disease or an autoimmune disease, is an amount that
results in measurable amelioration of at least one
symptom or parameter of the disease in mammals,
including humans. As used herein, the term
"pharmaceutically acceptable salts or esters thereof
refers to those salts (e.g., carboxylate salts, amino
acid addition salts) and esters of the compounds of
the present invention which are, within the scope of
sound medical judgment, suitable for use in contact
with the tissues of patients without undue toxicity,
irritation, allergic response, andthe like,
commensurate with a reasonable benefit/risk ratio, and
effective for their intended use, as well as the
zwitterionic forms, where possible, of the compounds
of the invention. The term "treat" is used herein to
mean to prevent a disease or to relieve or alleviate
at least one symptom of a disease in a subject. Within
the meaning of the present invention, the term "treat"
may also mean to prolong the prepatency, i.e., the
period between infection and clinical manifestation of
a disease. The term "therapeutically effective"
applied to dose or amount refers to that quantity of a
compound or pharmaceutical composition that is
sufficient to result in a desired activity upon
administration to a mammal in need thereof. The terms
"pharmaceutically acceptable" and "physiologically
acceptable" are used interchangeably, and as used in
connection with compositions of the invention refer to
molecular entities and other ingredients of such
compositions that are physiologically tolerable and do
not typically produce untoward reactions when
administered to a human. Preferably, as used herein,
the term "pharmaceutically acceptable" means approved
by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopeia or other
generally recognized pharmacopeia for use in mammals,
and more particularly in humans. The term "carrier"
refers to a diluent, excipient, or vehicle with which
a compound of the invention is administered. Such
pharmaceutical carriers can be sterile liquids, such
as water and oils, including those of petroleum,
animal, vegetable or synthetic origin, such as peanut
oil, soybean oil, mineral oil, sesame oil and the
like. Water or aqueous solution, saline solutions, and
aqueous dextrose and glycerol solutions are preferably
used as carriers, particularly for injectable
solutions. Suitable pharmaceutical carriers are
described in "Remington's Pharmaceutical Sciences" by
E. W. Martin, 18th Edition. The terms "adjuvant" and
"immunoadjuvant" are used interchangeably herein and
refer to a compound or mixture that may be
non-immunogenic when administered to a host alone, but
that augments the host's immune response to another
antigen when administered conjointly with that
antigen. As used herein, the terms "conjoint
administration", "conjointly administered", and
"conjointly administering" refer to administration of
two agents, such as an immune adjuvant and an antigen,
simultaneously in one composition, or simultaneously
in different compositions, or sequentially. For the
sequential administration to be considered "conjoint,"
however, the antigen and adjuvant must be administered
separated by a time interval that still permits the
adjuvant to augment the immune response to the
antigen. For example, when theantigen is a
polypeptide, the antigen and adjuvant are administered
on the same day, preferably within an hour of each
other, and most preferably simultaneously. However,
when nucleic acid is delivered to the subject and the
polypeptide antigen is expressed in the subject's
cells, the adjuvant is preferably administered within
24 hours of nucleic acid administration and more
preferably within 6 hours. The term "subject" as used
herein refers to an animal having an immune system,
preferably a mammal. The subjects to which the present
invention is applicable include, but 



are not limited to, cows, horses, sheep, pigs, fowl
(e.g., chickens), goats, cats, dogs, rodents (e.g.,
hamsters, mice, rats, rabbits), monkeys, primates, and
humans. In a preferred embodiment, the subject is a
human. The term "about" or "approximately" means
within an acceptable error range for the particular
value as determined by one of ordinary skill in the
art, which will depend in part on how the value is
measured or determined, i.e., the limitations of the
measurement system. For example, "about" can mean
within 1 or more than 1 standard deviations, per the
practice in the art. Alternatively, "about" can mean a
range of up to 20%, preferably up to 10%, more
preferably up to 5%, and more preferably still up to
1% of a given value. Alternatively, particularly with
respect to biological systems or processes, the term
can mean within an order of magnitude, preferably
within 5-fold, and more preferably within 2-fold, of a
value. Where particular values are described in the
application and claims, unless otherwise stated the
term "about" meaning within an acceptable error range
for the particular value should be assumed. In
accordance with the present invention there may be
employed conventional molecular biology, microbiology,
and recombinant DNA techniques within the skill of the
art. Such techniques are well-known and are explained
fully in the literature. See, e.g., Sambrook, Fritsch
and Maniatis, Molecular Cloning: A Laboratory Manual,
Second Edition (1989) Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York (herein "Sambrook
et ah, 1989"); DNA Cloning: A Practical Approach,
Volumes I and II (D.N. Glover ed. 1985);
Oligonucleotide Synthesis (MJ. Gait ed. 1984); Nucleic
Acid Hybridization [B.D. Hames & SJ. Higgins eds.
(1985)]; Transcription And Translation [B.D. Hames &
SJ. Higgins, eds. (1984)]; Animal Cell Culture [R.I.
Freshney, ed. (1986)]; Immobilized Cells And Enzymes
[IRL Press, (1986)]; B. Perbal, A Practical Guide To
Molecular Cloning (1984); F.M. Ausubel et a (eds.),
Current Protocols in Molecular Biology, John Wiley &
Sons, Inc. (1994). Compounds of the Present
InventionPreferred are compounds of formula (I) where
X is O, R5 is H, R3 is OH and R4 is H. Preferably, the
compounds of the present invention have at least one
nucleophilic bond in the lipid side chain (i.e., the
group Q). Each nucleophilic bond is preferably an
ether link (i.e., Q is -R1O-R 2) or a double bond
(i.e., Q is alkenyl). The nucleophilic bond is
preferably positioned a minimum of six carbon atoms
from the terminal carbon atom of the side chain Q. For
example, the double bond can be located at any
position from 6 to 22 carbon atoms from the terminal
carbon of the side chain Q. According to one
embodiment, Q is a C 3-C3 alkenyl containing from 23
to 32 carbon atoms, preferably 25 to 32, more
preferably 28 to 32 carbon atoms, and having one, two,
or three double bonds. Preferably, Q only has one
double bond. Preferably, the double bond is located
between C7 and Ci2 (from the end of the Q group bound
to the carbonyl group) and more preferably between C7
and C10 (e.g., between C9 and C10) . Preferably, Q is
-C8Hi6- CH=CH-Ci8H37 . A particular family of
compounds is when Q is a C23-C32 alkenyl and Y is -
CH=CH-, preferably in the trans conformation. In
another embodiment, Q is -R^O-R 2. The oxygen atom can
be located anywhere within the Q group, but is
preferably located between Ci and C25 (from the end of
the Q group bound to the carbonyl group) (e.g.,
between Ci and C2 or between C9 and Ci0) and more
preferably between Ci8 and C25 (e.g., between C19 and
C 0) . For instance, Q can be -Ci H38- 0-C 6Hi3. A
particular family of compounds is when Q is -R'-O-R 2
and Y is -CH2-CH2- .In a preferred embodiment, Q is
-R'-O-R 2 and both R1 and R2 are alkyl groups. In yet
another embodiment, Q is -R'-O-R 2 and at least one of
R1 and R2 is alkenyl. The Q group preferably contains
1 to 3 double bonds and more preferably only one
double bond. The double bond and the oxygen atom can
be located anywhere within the Q group. Preferably, R1
is alkenyl and more preferably R1 is alkenyl and R2 is
alkyl. When the Q group contains one double bond, it
preferably is located between C7 and Ci2 (from the end
of the Q group bound to the carbonyl group), more
preferably between C7 and C10, and still more
preferably between C9 and Ci0. The oxygen atom is
preferably located between Ci and C25 (from the end of
the Q group bound to the carbonyl group) (e.g.,
between Ci and C2 or between C9 and Ci0) and more
preferably between Ci8 and C25 (e.g., between C1 and
C20) . For instance, Q can be
-C8Hi6-CH=CH-C9Hi8-O-C6Hi3. According to another
preferred embodiment Y is -CH=CH- and Q is C27-C32
alkyl, 



preferably C27 or C28 alkyl. According to another
preferred embodiment Y is -CH=CH- and Q is -R'-O-R 2,
where R1 and R2 are as defined above. Preferably, Q
contains from 23 to 32 carbon atoms, morepreferably
from 25 to 32 carbon atoms, and even more preferably
from 28 to 32 carbon atoms. For example, Q can be - CI
H3 -O-C6Hi3. Preferred compounds of the invention
include, but are not limited to:and pharmaceutically
acceptable salts and esters thereof. Other preferred
compounds of the invention include, but are not
limited to, those shown in Table B below and
pharmaceutically acceptable salts and esters
thereof.Table B Q= -(CH2)8 -(CH 2)9O(CH2)5CH3
(3S,4S,5R)-1-C-(a-D-galactopyranosyl)-3-(N-20-oxanonac
os-(1 0 , 1 1-E)-enoylam ino)-4,5-nonadecaned iol
mino)-4,5-nonadecaned iol - (CH2)9O(CH2)14CH3
(3S,4S,5R)-1 -C-(a-D-galactopyranosyl)-3-(N-1
1-oxahexacosanoyl-a mino)-4,5-nonadecaned iol Q -
(CH2)9O(CH2)14CH3 ( S S. RJ-i -C
a-D-galactopyranosyO-S^N^O-oxaheptacosanoyl-a
mino)-4,5-nonadec-(1 ,2-E)-enediol - (CH2)
(CH2)9O(CH2)5CH3 (3S,4S,5R)-1
-C-(a-D-galactopyranosyl)-3-(N-20<>xanonacos-(1 0,
11-E)-enoylam ino)-4,5-nonadec-(1 ,2-E)-enediol -(CH 2
27CH3 (3S,4S,5R)-1
-C-(a-D-galactopyranosyl)-3-(N-nonacosanoylam ino)-
4,5-nonadec-(1 ,2-E)-enediol A distinct compound of
the invention is a compound having the formula
pharmaceutically acceptable salt or ester
thereof.Therapeutic Uses The compounds of the
invention are useful for treating any disease that
would benefit from a selective induction of a ThI
-type immune response, especially from a ThI -type
immune response associated with enhanced IL- 12
secretion and increased activation of
antigen-presenting cells (APCs) such as dendritic
cells, which occurs without a substantial concurrent
enhancement of IL-4 secretion.. Without being bound by
any particular theory, the inventors of the present
invention believe that the compounds of the invention
mediate selective induction of Th-I immune responses
by binding to the TCR of APCs, which activates NKT
cells and results in the secretion of IFN-g by the NKT
cells. However, NKT cells so activated do not
substantially secrete significant amounts of IL-4. The
activated NKT cells further bind to antigen presenting
cells (APCs) such as dendritic cells through CD40
ligand causing an enhanced local secretion of IL-12.
Such local release of IL-12 allows to avoid negative
effects associated with IL-12 toxicity and permits
generation of a very efficient and specific Thl-type
immune response, e.g. against tumors or pathogens. The
inventors also believe that the compounds of the
present invention act indirectly on dendritic cells
and show less activity on secondary NK cell activation
when compared to a-GalCer or a-C-GalCer (CRONY). Non
specific activation of NK cells is thus substantially
limited, which improves the safety and tolerance of
the compounds of the invention over the prior art
compounds. These properties make the compound of the
invention particularly useful in treating disease
which requires a Th-I -type response for control. In
one embodiment, the compounds of the invention are
useful for the treatment of cancer, e.g., as
anti-tumor agents for inhibiting the growth of tumors,
and for the treatment of cell proliferative disorders.
The compounds of the invention may be used alone, or
in combination with chemotherapy, radiotherapy or
immunotherapy. More specifically, the compounds of the
invention are useful in the treatment of a variety of
cancers including, but not limited to, carcinoma such
as bladder, breast, colon, kidney, liver, lung,
including small cell lung cancer, non-small cell lung
cancer, esophagus, gall bladder, ovary, pancreas,
testicular, stomach, renal, liver, cervix, thyroid,
prostate, and skin, including squamous cell carcinoma;
hematopoietic tumors of lymphoid lineage, 



including leukemia, acute lymphocitic leukemia, acute
lymphoblastic leukemia, B cell lymphoma, T cell
lymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma,
hairy cell lymphoma and Burkett's lymphoma;
hematopoietic tumors of myeloid lineage,
includingacute and chronic myelogenous leukemias,
myelodysplasia syndrome and promyelocyte leukemia;
tumors of mesenchymal origin, including fibrosarcoma
and rhabdomyosarcoma; tumors of the central and
peripheral nervous system, including astrocytoma,
neuroblastoma, glioma and schwannomas; other tumors,
including melanoma, seminoma, teratocarcinoma,
osteosarcoma, xenoderoma pigmentosum, keratoctanthoma,
thyroid follicular cancer and Kaposi's sarcoma. In a
preferred embodiment, the cancer is a solid tumor such
as prostate carcinoma or breast carcinoma. Cell
proliferative disorders for which the compounds are
useful include, but are not limited to, benign
prostate hyperplasia, familial adenomatosis polyposis,
neuro fibromatosis, psoriasis, vascular smooth cell
proliferation associated with atherosclerosis,
pulmonary fibrosis, arthritis glomerulonephritis, and
post-surgical stenosis and restenosis. In another
embodiment, the compounds of the invention are also
useful for treating infectious diseases, including
both viral and non-viral infections. For example, the
compounds are useful in treating viral infections
caused by retroviridae (e.g., human immunodeficiency
viruses, such as HIV-I (also referred to as HTLV-III,
LAV or HTLV-III/LAV, or HIV-III)); and other isolates,
such as HIV-LP; Picornaviridae (e.g., polio viruses,
hepatitis A virus; enteroviruses, human coxsackie
viruses, rhinoviruses, echoviruses); Calciviridae
(e.g., strains that cause gastroenteritis);
Togaviridae (e.g., equine encephalitis viruses,
rubella viruses); Flaviridae (e.g., dengue viruses,
encephalitis viruses, yellow fever viruses);
Coronaviridae (e.g., coronaviruses); Rhabdoviridae
(e.g., vesicular stomatitis viruses, rabies viruses);
Filoviridae (e.g., ebola viruses); Paramyxoviridae
(e.g., parainfluenza viruses, mumps virus, measles
virus, respiratory syncytial virus); Orthomyxoviridae
(e.g. influenza viruses); Bungaviridae (e.g., Hantaan
viruses, bunga viruses, phleboviruses and Nairo
viruses); Arena viridae (hemorrhagic fever viruses);
Reoviridae (erg., reoviruses, orbiviurses and
rotaviruses); Birnaviridae; Hepadnaviridae (Hepatitis
B virus); Parvoviridae (parvoviruses); Papovaviridae
(papilloma viruses, polyoma viruses); Adenoviridae
(most adenoviruses); Herpesviridae (herpes simplex
virus (HSV) 1 and 2, varicella zoster virus,
cytomegalovirus (CMV), herpes viruses'); Poxviridae
(variola viruses, vaccinia viruses, pox viruses); and
Iridoviridae (e.g. African swine fever virus); and
unclassified viruses (e.g., the etiological agents of
Spongiform encephalopathies, the agent of delta
hepatities (thought to be a defective satellite of
hepatitis B virus), the agents of non-A, non-B
hepatitis (class l=internally transmitted; class
2=parenterally transmitted (i.e., Hepatitis C);
Norwalk and related viruses, and astroviruses)).The
compounds of the invention are also useful in treating
bacterial infections caused by Helicobacter pylori,
Borellia burgdorferi, Legionella pneumophilia,
Mycobacteria sps (e.g. M. tuberculosis, M. avium, M.
intracellulare, M. kansaii, M. gordonae),
Staphylococcus aureus, Neisseria gonorrhoeae,
Neisseria meningitidis, Listeria monocytogenes,
Streptococcus pyogenes (Group A Streptococcus),
Streptococcus agalactiae (Group B Streptococcus),
Streptococcus (viridans group), Streptococcus
faecalis, Streptococcus bovis, Streptococcus
(anaerobic sps.), Streptococcus pneumoniae, pathogenic
Campylobactersp., Enterococcus sp., Pseudomonas sp.,
Pneumococcus sp., Chlamidia sp., Haemophilus
influenzae, Bacillus antracis, corynebacterium
diphtheriae, corynebacterium sp., Erysipelothrix
rhusiopathiae, Clostridium perfringers, Clostridium
tetani, Enterobacter aerogenes, Klebsiella pneumoniae,
Pasturella multocida, Bacteroides sp., Fusobacterium
nucleatum, Streptobacillus moniliformis, Treponema
pallidium, Treponema pertenue, Leptospira, Actinomyces
israelii and Francisella tularensis. Fungal and
protozoa infections caused by Cryptococcus neoformans,
Histoplasma capsulatum, Coccidioides immitis,
Blastomyces dermatitidis, Chlamydia trachomatis,
Candida albicans. The compounds of the invention are
also useful in treating infections caused by other
infectious organisms such as protists including
Plasmodium sp., Leishmania sp., Schistosoma sp. and
Toxoplasma sp. as well as yeast and other fungi. In a
preferred embodiment, the compounds of the invention
are useful for treating infections caused by a human
immunodeficiency virus (HIV), hepatitis C virus (HCV),
hepatitis B virus (HBV), herpes virus, respiratory
syncytial virus (RSV), or malaria. In other
embodiments, the compounds of the invention are useful
for treating 



autoimmune diseases which require a Th-I -type
response for control such as asthma and allergy. The
therapeutic and prophylactic methods of the invention
can be used in conjunction with other treatments. For
example, an anti-cancer treatment using the compounds
of the present invention can be used in combination
with chemotherapy and/or radiotherapy. Anti viral
treatments using the compounds of the present
invention can be used in combination with IFN-a
treatment. In conjunction with the methods of the
present invention, the invention also provides
pharmaceutical and vaccine compositions comprising an
immunogenically effective amount of a compound of
Formula (I) and, optionally, an additional
immunostimulant, carrier or excipient (preferably all
pharmaceutically acceptable).Modes of administration
Modes of administration of compounds and compositions
of the invention include, but are not limited to,
oral, enteral, intravenous, intramuscular,
intra-tumoral, subcutaneous, transdermal, intranasal,
transmucosal (including rectal and buccal), and
inhalation. Preferably, an oral, transdermal,
subcutaneous, or inhalation or intranasal route is
used (e.g., via solid or liquid oral formulations,
skin patches, or nasal sprays, respectively). In some
cases, the compounds can be pulsed with syngeneic
dendritic cells, followed by transferring
intravenously into patients. That is, dendritic cells
can be incubated with the compounds to allow the
dendritic cell to bind the compound through their CDId
molecules. These compound-loaded dendritic cells can
then be intravenously transferred into patients.
Intravenous transfer can be either local or systemic.
Pharmaceutical compositions Solid dosage forms for
oral administration of compounds and compositions of
the invention include capsules, tablets, pills,
powders, granules, and suppositories. In such solid
dosage forms, the active compound of the invention can
be admixed with at least one inert customary excipient
(or carrier) such as sodium citrate or dicalcium
phosphate; or (a) fillers or extenders, as for
example, starches, lactose, sucrose, glucose,
mannitol, and silicic acid; (b) binders, as for
example, carboxymethylcellulose, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and acacia; (c)
humectants, as for example, glycerol; (d)
disintegrating agents, as for example, agar-agar,
calcium carbonate, potato or tapioca starch, alginic
acid, certain complex silicates, and sodium carbonate;
(e) solution retarders, as for example paraffin; (f)
absorption accelerators, as for example, quaternary
ammonium compounds; (g) wetting agents, as for
example, cetyl alcohol, and glycerol monostearate; (h)
adsorbents, as for example, kaolin and bentonite; and
(i) lubricants, as for example, talc, calcium
stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, or mixtures thereof.
In the case of capsules, tablets, and pills, the
dosage forms may also comprise buffering agents. Such
solid compositions or solid compositions that are
similar to those described can be employed as fillers
in soft- and hard-filled gelatin capsules using
excipients such as lactose or milk, sugar as well as
high molecular weight polyethyleneglycols, and the
like. Solid dosage forms such as tablets, dragees,
capsules, pills, and granules can be prepared with
coatings and shells, such as enteric coatings or other
suitable coatings or shells. Several such coatings
and/or shells are well known in the art, and can
contain opacifying agents, and can also be of such
composition that they release the active compound
orcompounds in a certain part of the intestinal tract
in a delayed manner. Examples of embedding
compositions which can be used are polymeric
substances and waxes. The active compounds can also be
used in microencapsulated form, if appropriate, with
one or more of the above-mentioned excipients. Liquid
dosage forms for oral administration include
pharmaceutically acceptable emulsions, solutions,
suspensions, syrups, and elixirs. In addition to the
active compounds, the liquid dosage forms can contain
inert diluents commonly used in the art, such as water
or other solvents, solubilizing agents and
emulsifiers, as for example, ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propyleneglycol, 1,3-
butyleneglycol, dimethylformamide, oils, in
particular, cottonseed oil, groundnut oil, corn germ
oil, olive oil, castor oil and sesame oil, glycerol,
tetrahydrofurfuryl alcohol, polyethyleneglycols and
fatty acid esters of sorbitan or mixtures of these
substances, and the like. If desired, the composition
can also include adjuvants, such as wetting agents,
emulsifying and suspending agents, sweetening,
flavoring and/or perfuming agents. 



The composition may include a carrier, as defined
herein. Suitable carriers include macromolecules which
are soluble in the circulatory system and which are
physiologically acceptable, as defined herein. The
carrier preferably is relatively stable in the
circulatory system with an acceptable plasma half life
for clearance. Such macromolecules include but are not
limited to Soya lecithin, oleic acid and sorbitan
trioleate, with sorbitan trioleate preferred.
Suspensions, in addition to the active compounds, can
contain suspending agents, such as, ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite, agar-agar, tragacanth, and
the like. Mixtures of suspending agents can be used if
desired. Compositions for rectal administrations are
preferably suppositories which can be prepared by
mixing the compounds of the present invention with
suitable nonirritating excipients or carriers such as
cocoa butter, polyethyleneglycol, or a suppository wax
which are solid at ordinary temperatures but liquid at
body temperature and therefore, melt in the rectum or
vaginal cavity and release the active component.
Compositions suitable for parenteral injection can
comprise physiologically acceptable sterile aqueous or
nonaqueous solutions, dispersions, suspensions or
emulsions, and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Examples
of suitable aqueous and nonaqueous carriers, diluents,
solvents or vehicles include water, ethanol, polyols
(propyleneglycol, polyethyleneglycol, glycerol, and
the like), suitable mixturesthereof, vegetable oils
(such as olive oil) and injectable organic esters such
as ethyl oleate. Proper fluidity can be maintained,
for example, by the use of a coating such as lecithin,
by the maintenance of the required particle size in
the case of dispersions and by the use of surfactants.
Dosage forms for topical administration of a compound
of the invention include ointments, powders, sprays
and inhalants. The active component can be admixed
under suitable conditions (e.g., sterile conditions)
with a physiologically acceptable carrier and any
preservatives, buffers, or propellants as may be
required. Ophthalmic formulations, eye ointments,
powders, and solutions are also contemplated as being
within the scope of this invention. The compounds of
the invention may be advantageously formulated in a
form suitable for administration by inhalation or
intranasally, which is particularly useful when
treating asthma or allergic respiratory diseases. The
selection of the particular excipients in such
formulations depends on the desired dosage form, i.e.
on whether a solution is to be used in drops or as a
spray (aerosol) or as a suspension, ointment or gel to
be applied in the nasal cavity. An aerosol or
pressurized package can be employed for this purpose.
Such aerosol formulation comprises very fine liquid or
solid particles carried by a propellant gas under
pressure to a site of therapeutic application. When a
pharmaceutical aerosol is employed in this invention,
the aerosol contains the therapeutically active
compound, which can be dissolved, suspended, or
emulsified in a mixture of a fluid carrier and a
propellant. The aerosol can be in the form of a
solution, suspension, emulsion, powder, or semi-solid
preparation. Aerosols employed in the present
invention are intended for administration as fine,
solid particles or as liquid mists via the respiratory
tract of a patient. Various types of propellants known
to one of skill in the art can be utilized. Examples
of suitable propellants include, but is not limited
to, hydrocarbons or other suitable gas. In the case of
the pressurized aerosol, the dosage unit may be
determined by providing a value to deliver a metered
amount. The present invention can also be carried out
with a nebulizer, which is an instrument that
generates very fine liquid particles of substantially
uniform size in a gas. Preferably, a liquid containing
the compounds of the invention is dispersed as
droplets. The small droplets can be carried by a
current of air through an outlet tube of the
nebulizer. The resulting mist penetrates into the
respiratory tract of the patient. Alternatively a
powder composition containing the compounds of the
invention, with or without a lubricant, carrier, or
propellant, can be administered to a mammal in need
oftherapy. This embodiment of the invention can be
carried out with a conventional device for
administering a powder pharmaceutical composition by
inhalation. For example, a powder mixture of the
compound and a suitable powder base such as lactose or
starch may be presented in unit dosage form in for
example capsular or cartridges, e.g. gelatin, or
blister 



packs, from which the powder may be administered with
the aid of an inhaler. For aerosol administration, the
compounds of the invention may be in the form of
micronized particles from about 1 to about 20mm,
preferably from about 3 to about 10 mm. In a specific
embodiment, the compounds of the invention are
delivered by liposomes or micellar particles. When
administered parenterally, either by the intravenous,
subcutaneous or intramuscular route, liposomes can
provide controlled "depot" release of encapsulated
drug over an extended time period, and reduce the side
effects of the drug, by limiting the concentration of
free drug in the bloodstream. Liposomes can alter the
tissue distribution of and uptake of drugs, in a
therapeutically favorable way, and can increase the
convenience of therapy, by allowing less frequent drug
administration. When administered by inhalation, the
liposomes can be tailored, according to lipid
composition, to release an entrapped drug at a
selected release rate which may vary, in half life,
from a few hours to several days. Further, to the
extent the drug is sequestered in the liposomes, side
effects related to rapid uptake into the respiratory
tract and bloodstream are reduced. An added advantage
of liposome for drug delivery to mucosal tissue is
that the liposome surfaces can be modified for
increased tissue stickiness, to enhance the residence
time of the liposomes at the target tissue site.
Several methods for preparing liposomes with entrapped
drug are known. In one method, vesicle forming lipids
are deposited as a thin film on the sides of a flask,
and slowly rehydrated by addition of an aqueous
buffer. The drug to be entrapped may be included
either in the lipid film (in the case of a lipophilic
drug), or in the aqueous hydration medium (in the case
of a hydrophilic drug). The liposomes that form are
multilamellar vesicles (MLVs) having heterogeneous
sizes between about 0.05 and 10 microns. The MLVs may
be subsequently processed, typically by
homogenization, sonication, or membrane extrusion, to
produce smaller, more uniformly sized suspension.
Liposome sizing down to about 0.2-0.4 microns is
generally preferred. Liposomes in this size range can
be sterilized by passage through a 0.45 micron depth
filter, have less tendency to aggregate, and also may
show more favorable organ distribution when
administered intravenously (Gabizon). Once the
liposomalformulation is prepared, it can be
lyophilized, preferably using cryoprotectants, present
both in the internal as well as external medium of the
liposomes. These cryoprotectants may be selected from
sugars such as sucrose, trehalose, lactose, maltose,
mannitol, cyclodextrin and its derivatives. These
cryoprotectants may also be polymeric such as
polyethylene glycol, dextran, polyvinyl pyrrolidone,
or hydroxyethyl starch. These cryoprotectants may be
used alone or as a combination. Amino acids may
further be used when freeze-drying the liposomal
formulations. The cryoprotectants are introduced into
the intraliposomal aqueous layer during the
preparation of empty liposomes by using these
cryoprotectants dissolved in the hydration media.
Externally, the cryoprotectants are introduced during
the diafiltration performed after the completion of
the drug loading process. The desired cryoproectant
may also be introduced by the exchange of the external
buffer of any liposomal suspenion formulation by
diafiltration. The liposomal suspension is filled into
vials and lyophilized. Other non-liposomal
formulations comprising the compound of the invention
may be freeze-dried too. Adjuvant use The invention
further provides a method for augmenting the
immunogenicity of an antigen in a mammal, which method
comprises immunizing the mammal conjointly with the
antigen and with an adjuvant comprising a compound of
Formula I . According to the present invention, the
use of compounds of Formula I as an adjuvant results
in an enhancement and/or extension of the duration of
the protective immunity induced by an antigen. For
example, as disclosed herein, conjoint administration
of compounds of Formula I with peptides corresponding
to T cell or B cell epitopes of tumor or viral
antigens, or DNA constructs expressing these antigens
enhances antigen-specific immune responses. The
adjuvants of Formula I can be conjointly administered
with any antigen, in particular, with antigens derived
from infectious agents or tumors. 



As specified above, the adjuvant activity of the
compounds of the invention is attributed at least in
part to their ability to enhance and/or extend
NKT-mediated and dendritic cell-mediated
antigen-specific ThI -type T cell responses and CD8+ T
cell responses. As compared to the compounds of the
prior art (including KRN7000 and CRONY 101), the
ability of the compounds of the present invention to
achieve a selective induction of Thl-type immune
response (i.e., achieve an efficient, specific and
localized activation of theNKT cell system and, in
particular, enhanced IL- 12 secretion and efficient
and localized secondary activation of dendritic cells
in the absence of enhanced IL-4 secretion), results in
increased localized cytotoxicity of activated NKT
cells in the absence of non-specific cytotoxicity,
making the compounds of the invention very effective
in enhancing immunogenicity of various tumor and
infectious antigens characterized by low
immunogenicity. Furthermore, the activation of NKT
cells by the compounds of the present invention is
dependent on a CDId molecule, which is monomorphic
among individuals (Porcelli, Adv. Immunol., 59: 1-98,
1995), indicating that adjuvants of the invention can
be utilized by all patients, regardless of the MHC
haplotype. According to the present invention, an
antigen and an adjuvant comprising a compound of
Formula (I) are conjointly administered. Modes of
administration of an antigen and an adjuvant include,
but are not limited to, oral, enteral, intravenous,
intramuscular, intratumoral, subcutaneous,
transdermal, intranasal, transmucosal (including
rectal and buccal), and inhalation. Preferably, an
oral, transdermal, subcutaneous, or inhalation or
intranasal route is used (e.g.., via solid or liquid
oral formulations, skin patches, or nasal sprays,
respectively). Intravenous transfer can be either
local or systemic. Simultaneous administration of an
adjuvant comprising a compound of the present
invention with the antigen is preferred and generally
permits the most efficient immunostimulation. If
contained in two different compositions, the adjuvants
and antigens of the invention are preferably
administered to the same site, and preferably not more
than within 1 centimeter of each other. As the
adjuvant of the invention exerts its immunostimulatory
activity in combination with a plurality of different
antigens, it is therefore useful for both preventive
and therapeutic applications. Accordingly, in a
further aspect, the invention provides a prophylactic
and/or therapeutic method for treating a diseases
which require a Th-I -type response for control in a
mammal comprising conjointly administering to said
mammal an antigen and an adjuvant comprising a
compound of Formula (I). This method can be useful,
e.g., for protecting against and/or treating various
infections as well as for treating various neoplastic
diseases. One embodiment is a method for enhancing the
immune response to a human immunodeficiency virus
(HIV) infection, hepatitis C virus (HCV) infection,
hepatitis B virus (HBV) infection, herpes virus
infection, or respiratory syncytial virus (RSV)
infection in a mammal by conjointly administering to
the mammal a virus-specific antigen and an adjuvant
compound of Formula (I). Another embodiment is a
method for enhancing the immune response to a prostate
or breast cancer in a mammal by conjointly
administering to the mammal a cancer-specific antigen
and an adjuvant compound of Formula (I).The
therapeutic and prophylactic methods of the invention
can be used in conjunction with other treatments. For
example, an anti-cancer treatment using a
tumor-specific antigen and an adjuvant of the present
invention can be used in combination with chemotherapy
and/or radiotherapy. Anti-viral vaccines comprising
adjuvants of the invention can be used in combination
with IFN-a treatment. In conjunction with the methods
of the present invention, the invention provides
pharmaceutical and vaccine compositions comprising an
immunogenically effective amount of an antigen and
immunogenically effective amount of an adjuvant
comprising a compound of Formula (I) and, optionally,
an additional immunostimulant, carrier or excipient
(preferably all pharmaceutically acceptable). Said
antigen and adjuvant can be either formulated as a
single composition or as two separate compositions.
The antigens used in immunogenic (e.g., vaccine)
compositions of the instant invention can be derived
from a eukaryotic cell (e.g., tumor or parasite as
well as yeast and other fungi), bacterial cell, viral
particle, or any portion thereof. In the event the
material to which the immunogenic response is to be
directed is poorly antigenic (e.g., a synthetic or
subunit antigen), it may be additionally conjugated to
a carrier molecule such as albumin or hapten, using
standard covalent binding techniques, for example,
with one of the several commercially available reagent
kits. It may further include a specific molecular
entity to 



induce specific targeting to APCs, such as beta
subunit of shiga toxin, peptides with specific
dendritic cell affinity (Haicheur N, Bismuth E, Bosset
S, Adotevi O, Warmer G, Lacabanne V, Regnault A,
Desaymard C, Amigorena S, Ricciardi-Castagnoli P, Goud
B, Fridman WH, Johannes L, Tartour E. The B subunit of
Shiga toxin fused to a tumor antigen elicits CTL and
targets dendritic cells to allow MHC class
I-restricted presentation of peptides derived from
exogenous antigens. J Immunol. 2000 Sep 15;
165(6):3301-8.), peptide with affinity to DEC- 205
receptor (Sevilla et al., J. Exp. Med., 2000,
192:1249-1260), an antibody against DCSIGN (Tacken PJ,
de Vries IJ, Gijzen K, Joosten B, Wu D, Rother RP,
Faas SJ, Punt CJ, Torensma R, Adema GJ, Figdor CG.
Effective induction of naive and recall T-cell
responses by targeting antigen to human dendritic
cells via a humanized anti-DC-SIGN antibody. Blood.
2005 Aug 15;106(4):1278-85.) Examples of preferred
antigens of the present invention include (i)
malaria-specific antigens such as irradiated
plasmodial sporozoites or synthetic peptide antigens
comprising at least one T cell and/or B cell epitope
of the malarial circumsporozoite (CS) protein (see
below); (ii) viral protein or peptide antigens such as
those derived from influenza virus (e.g., surface
glycoproteins hemagluttinin (HA) and neuraminidase
(NA) [such as turkey influenzaHA or an avian influenza
HA); immunodeficiency virus (e.g., a feline
immunodeficiency virus (FIV) antigen, a simian
immunodeficiency virus (SIV) antigen, or a human
immunodeficiency virus antigen (HIV) such as gpl20, gp
160, p i 8 antigen, Gag pl7/p24, Tat, Pol, Nef, and
Env; herpesvirus (e.g., a glycoprotein, for instance,
from feline herpesvirus, equine herpesvirus, bovine
herpesvirus, pseudorabies virus, canine herpesvirus,
herpes simplex virus (HSV, e.g., HSV tk, gB, gD),
Marek's Disease Virus, herpesvirus of turkeys (HVT),
or cytomegalovirus (CMV), or Epstein-Barr virus);
hepatitis virus (e.g., Hepatitis B surface antigen
(HBsAg)); (iii) bacterial antigens such as
lipopolysaccharides isolated from gram-negative
bacterial cell walls and staphylococcus-specific,
streptococcus-specific, pneumococcus-specific (e.g.,
PspA [see PCT Publication No. WO 92/14488]), Neisseria
gonorrhea-specific, Borrelia-specific (e.g., OspA,
OspB, OspC antigens of Borrelia associated with Lyme
disease such as Borrelia burgdorferi, Borrelia
afzelli, and Borrelia garinii [see, e.g., U.S. Pat.
No. 5,523,089; PCT Publication Nos. WO 90/0441 1, WO
91/09870, WO 93/04175, WO 96/06165, WO93/08306;
PCT/US92/08697; Bergstrom et al., MoI. Microbiol, 3:
479-486, 1989; Johnson et al., Infect and Immun. 60:
1845-1853, 1992; Johnson et al., Vaccine 13:
1086-1094, 1995; The Sixth International Conference on
Lyme Borreliosis: Progress on the Development of Lyme
Disease Vaccine, Vaccine 13: 133-135, 1995]) (iv), and
tumor-specific proteins such as ErbB receptors, Melan
A [MARTl], gplOO, tyrosinase, TRP-l/gp 75, and TRP-2
(in melanoma); MAGE-I and MAGE-3 (in bladder, head and
neck, and non-small cell carcinoma); HPV EG and E7
proteins (in cervical cancer); Mucin [MUC- 1] (in
breast, pancreas, colon, and prostate cancers);
prostate-specific antigen [PSA] (in prostate cancer);
carcinoembryonic antigen [CEA] (in colon, breast, and
gastrointestinal cancers) and such shared
tumor-specific antigens as MAGE-2, MAGE-4, MAGE-6,
MAGE- 10, MAGE-12, BAGE-I, CAGE-1,2,8, CAGE-3 to 7,
LAGE-I, NY-ESO- l/LAGE-2, NA-88, GnTV, TRP2-INT2, and
WT-I (Willms' tumor gene). The foregoing list of
antigens are intended as exemplary, as the antigen of
interest can be derived from any animal or human
pathogen or tumor. With respect to DNA encoding
pathogen-derived antigens of interest, attention is
directed to, e.g., U.S. Pat. Nos. 4,722,848;
5,174,993; 5,338,683; 5,494,807; 5,503,834; 5,505,941;
5,514,375; 5,529,780; U.K. Patent No. GB 2 269 820 B;
and PCT Publication Nos. WO 92/22641; WO 93/03145; WO
94/16716; WO 96/3941; PCT/US94/06652. With respect to
antigens derived from tumor viruses, reference is also
made to Molecular Biology of Tumor Viruses, RNA Tumor
Viruses, Second Edition, Edited by Weiss et al., Cold
Spring Harbor Laboratory Press, 1982. For a listof
additional antigens useful in the compositions of the
invention see also Stedman's Medical Dictionary (24th
edition, 1982). In one embodiment, the compositions of
the present invention provide protective immunity
against malaria, in particular against P. yoelii and
major human plasmodial species P. falciparum and P.
vivax. These compositions comprise one or more of the
following components: (i) at least one
malaria-specific peptide comprising a T cell epitope
capable of eliciting an anti-malarial T-cell response
preferably in mammals of diverse genetic backgrounds
(e.g., YNRNIVNRLLGD ALNGKPEEK [SEQ ID NO: 1] or
SYVPSAEQI [SEQ ID NO: 2] T cell epitope of P. yoelii
CS protein [Renia et al., J Immunol, 22: 157-160,
1993; 



Rodrigues et al., Int. Immunol, 3: 579-585, 1991 ] or
(NVDPNANP) n [SEQ ID NO: 3] or EYLNKIQNSLSTE WSPCSVT
[SEQ ID NO: 4] T cell epitope of P. falciparum CS
protein [Nardin et al., Science, 246:1603, 1989;
Moreno et al., Int. Immunol, 3: 997: 1991; Moreno et
al., J. Immunol, 151: 489, 1993]); and/or (ii) at
least one malaria-specific peptide comprising a B cell
epitope (e.g., (NANP) 3 [SEQ ID NO: 5] B cell epitope
located within the repeat region of the CS protein of
P.falciparum [Nardin et al., J.Exp.Med., 156: 20,
1982; Nardin et al., Ann. Rev. Immunol, 11: 687,
1993]) capable of stimulating the production of
anti-malarial (i.e., neutralizing) antibodies (e.g.,
directed against the sporozoite stage of the malarial
organism). Preferably, the immunogenic compositions of
the present invention comprise at least one B cell
epitope and at least one T cell epitope. B cell
epitopes preferably elicit the production of
antibodies that specifically recognize and bind to the
malarial circumsporozoite (CS) protein. Alternatively
or in addition, the compositions of the invention may
comprise B cell and/or T cell epitopes derived from,
and reactive with, other malarial components, such as,
for example, the P. vivax Erythrocyte Secreted
Protein- 1 or -2 (PvESP-I or PvESP-2) (see, e.g., U.S.
Pat. No. 5,874,527), P. falciparum sporozoite surface
protein designated Thrombospondin Related Adhesion
(Anonymous) protein (TRAP), also called Sporozoite
Surface Protein 2 (SSP2), LSA-I, hsp70, SALSA, STARP,
Hepl7, MSA, RAP-I, and RAP-2. In one embodiment, the B
cell epitope and T cell epitope components are
incorporated into multiple antigen peptides (MAPs),
forming a synthetic macromolecular polypeptide
containing a high density of the epitopes. Methods for
MAP synthesis are well known in the art (see, e.g.,
Tarn, Proc. Natl. Acad. ScL USA, 85: 5409, 1988; Tarn,
Meth. Enzymol, 168: 7, 1989). The present invention
also encompasses B cell and T cell epitopes derived
from other plasmodial species, including without
limitation P. malariae, P. ovale, P. reichenowi,
P.knowlesi, P. cynomolgi, P. brasilianum, P. berghei,
and P. chabaudi. These epitopes typically comprise
between 8 and 18 amino acid residues, derived from a
plasmodial protein. In another specific embodiment, a
preferred antigen of the invention is HIV-specific
(such as T cell epitope RGPGRAFVTI [SEQ ID NO: 6] of
pl8 protein. In a specific embodiment, the antigen of
the invention may be presented by a recombinant virus
expressing the antigen. Preferably, the virus is
selected from the group consisting of a recombinant
adenovirus, recombinant pox virus, and recombinant
Sindbis virus. When used as adjuvant, the compounds of
the invention can be administered as part of a
pharmaceutical or vaccine composition comprising an
antigen or as a separate formulation, which is
administered conjointly with a second composition
containing an antigen. In any of these compositions
the compounds of the invention can be combined with
other adjuvants and/or excipients/carriers. These
other adjuvants include, but are not limited to,
oil-emulsion and emulsifier-based adjuvants such as
complete Freund's adjuvant, incomplete Freund's
adjuvant, MF59, or SAF; mineral gels such as aluminum
hydroxide (alum), aluminum phosphate or calcium
phosphate; microbially-derived adjuvants such as
cholera toxin (CT), pertussis toxin, Escherichia coli
heat-labile toxin (LT), mutant toxins (e.g., LTK63 or
LTR72), Bacille Calmette-Guerin (BCG), Corynebacterium
parvum, DNA CpG motifs, muramyl dipeptide, or
monophosphoryl lipid A; particulate adjuvants such as
immunostimulatory complexes (ISCOMs), liposomes,
biodegradable microspheres, or saponins (e.g., QS-21);
cytokines such as IFN-g, IL-2, IL-12 or GM-CSF;
synthetic adjuvants such as nonionic block copolymers,
muramyl peptide analogues (e.g.,
N-acetyl-muramyl-Lthreonyl- D-isoglutamine [thr-MDP],
N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine,
Nacetylmuramyl-
L-alanyl-D-isoglutaminyl-L-alanine-2-[r-2'-dipalmitoyl
-sn-glycero-3- hydroxyphosphory- loxy]-ethylamine),
polyphosphazenes, or synthetic polynucleotides, and
surface active substances such as lysolecithin,
pluronic polyols, polyanions, peptides, hydrocarbon
emulsions, or keyhole limpet hemocyanins (KLH).
Preferably, these additional adjuvants are also
pharmaceutically acceptable for use in humans. Purity
of the compositions The compounds of the present
invention are preferably purified to a level of purity
of at least 75%, more preferably, at least 85%, even
more preferably at least 90%, and most preferably,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99%.Effective dosages An effective amount for treating
the diseases can easily be determined by empirical 



methods known to those skilled in the art, such as by
establishing a matrix of dosages and frequencies of
administration and comparing a group of experimental
units or subjects to each point in the matrix. The
exact amount to be administered to a patient will vary
depending on the particular disease, the state and
severity of the disease, and the physical condition of
the patient. A measurable amelioration of any symptom
or parameter can be determined by a physician skilled
in the art or reported by the patient to the
physician. Clinically significant attenuation or
amelioration means perceptible to the patient and/or
to the physician. It will also be understood that the
specific dosage form and dose level for any particular
patient will depend on a variety of factors including
the activity of the specific compound employed; the
age, body weight, general health, and sex of the
individual being treated; the time and route of
administration; the rate of excretion; other drugs
which have previously been administered; and the
severity of the particular disease undergoing therapy.
The amount of the agent to be administered can range
from between about 0.1 to about 500
mg/kg/administration, preferably from between about
0.5 to about 100 mg/kg/ administration and most
preferably from between about 1 to about 50 mg/kg/day.
It will be understood that the pharmaceutical
compositions of the present invention need not in
themselves contain the entire amount of the agent that
is effective in treating the disorder, as such
effective amounts can be reached by administration of
a plurality of doses of such pharmaceutical
compositions. For example, the compounds of the
invention can be formulated in capsules or tablets,
each preferably containing 0.06-3.00 mg of the
compounds of the invention. Toxicity and therapeutic
efficacy compositions containing compounds of the
invention can be determined by standard pharmaceutical
procedures in experimental animals, e.g., by
determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically
effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio
LD50/ED50. Compositions that exhibit large therapeutic
indices are preferred. While therapeutics that exhibit
toxic side effects can be used (e.g., when treating
severe forms of cancer or lifethreatening infections),
care should be taken to design a delivery system that
targets such immunogenic compositions to the specific
site (e.g., lymphoid tissue mediating an immune
response, tumor or an organ supporting replication of
the infectious agent) in order to minimize potential
damage to other tissues and organs and, thereby,
reduce side effects.As specified above, data obtained
from the animal studies can be used in formulating a
range of dosage for use in humans. The therapeutically
effective dosage of compounds of the present invention
in humans lies preferably within a range of
circulating concentrations that include the ED50 with
little or no toxicity. The dosage can vary within this
range depending upon the dosage form employed and the
route of administration utilized. Ideally, a single
dose should be used. EXAMPLES The following Examples
illustrate the invention without limiting its scope.
I. Synthetic Examples A. Preparation of Intermediates
The intermediates for forming the lipid chain -C(O)-Q
can be prepared as shown in synthetic schemes IA and
IB below. Scheme IA O O N-4 V cA - TMk Scheme IBOH
,0-AIk AIk E In Schemes IA and IB, each occurrence of
AIk independently represents an alkyl chain such that
the total number of carbon atoms in the fatty acid
chain is from 23 to 32 carbon atoms. In Scheme IA, the
carboxylic acid (A) is converted to the
paranitrophenolic ester (B) using paranitrophenol in
the presence of DIC. Similarly, the alkenol (E) is
converted to the alkeneether (F) by treatment with
sodium hydride and an appropriate halogenated alkane.
Finally, the paranitrophenolic ester (B) is converted
to the final fatty acid (D) or (G) by reacting (B)
with an appropriate alkene compound in the presence of
the Second Generation Grubbs 



Catalyst. The intermediate (D) or (G) can be purified
by methods known in the art, such as by column
chromatography over silica gel. The synthesis of
specific intermediates are shown in Schemes 2A - 2E
below. Scheme 2A Scheme 2BScheme 2C 2a Grubbs catalyst
4a Pd/C (30%) DCM/MeOH ( 1 : 1 ) 13 1) NaOH aqu.
iPrOH/THF (1:1) 2) p-nitrophenol, DCC, 4-DMAP Scheme
2DOH NaH, TBA RX, 99% 6: C4H CH3 ; 7: CsH -K)CH 3 2a
Grubbs 2nd 87% 0 MeO 8a: C4H8CH3 ; 9a: C5H10CH3
Compound 2: To a solution of starting undecylenic acid
(4.1 g, 22.2 mmol, 1.1 equiv.) in anhydrous DCM (120
ml) was added paranitrophenol (2.9 g, 20.9 mmol). In
the presence of DIC (3.6 ml, 1.2 equiv.) and 4-DMAP
(60 mg), the reaction mixture was stirred at rt
overnight, whereupon t.l.c (PE-EA 6:1, R 0.52)
indicated the reaction was finished. The suspension
was diluted with DCM and filtered through celite. The
filtrate was concentrated to afford a residue. The
residue was purified by flash column chromatography
(Petroether- CHCl3 2:1) to provide ester 2 (6.23 g, 98
%). 1 NMR (300 MHz, CDCl3) 8.31 (d, J = 9.2 Hz, 2 H),
7.32 (d, J = 9.2 Hz, 2 H), 5.84 (m, 1H, H-IO), 5.03
(m, 2 H, H-I l), 2.64 (t, J = 7.5 Hz, 2 H, H-2), 2.09
(m, 2 H, H-9), 1.80 (m, 2 H, H-3), 1.48-1.35 (m, 10 H,
H-4-8), 3.96 (br s, 1 H), 3.87 (dd, J = 9.8, 2.4 Hz, 1
H), 3.51 (m, 2 H), 2.50 (d, J = 2.1 Hz, 1 H). 13 C NMR
(75 MHz, CDCl3) : 171.1, 155.5, 145.2, 139.0, 125.1,
122.3, 114.2, 34.4, 33.8, 29.3, 29.2, 29.1, 29.0,
24.9. Compound 2a: To a solution of starting
undecylenic acid in methanol is added DCC and 4- DMAP.
The reaction mixture is stirred overnight at room
temperature.Compound 4 : To a stirring solution of
compound 2 (197 mg, 0.646 mmol) and 1-eicosene (850
mg, 4.2 equiv.) in dry CH2Cl2 (15 ml) was added Grubbs
2nd generation catalyst (65 mg, 12 mol %) and the
mixture was refluxed for 1 day, whereupon t.l.c
(PE-DCM 1:1, Rf: 0.40) indicated the consumption of
the ester 2. The reaction was concentrated in vacuo
and then subjected to column chromatography using
silica gel (PE-DCM 2:1) to give the title compound 4
(190 mg, 53%, trans/cis: 4:1). 1H NMR (500 MHz, CDCl3)
8.27 (d, J = 9.1 Hz, 2 H), 7.28 (d, J = 9.1 Hz, 2 H),
5.35 (m, 2 H, H-10, H-I l), 2.59 (t, J = 7.5 Hz, 2 H,
H-2), 2.02 (m, 4 H, H-9, H-12), 1.76 (pent., J = 7.5
Hz, 2 H, H-3), 1.42-1.25 (m, 42 H, H-4-8, H-13-H-28),
0.88 (t, J = 6.7 Hz, 3 H, H-29). 13 C NMR (125 MHz,
CDCl3) : 171.3, 155.6, 145.3, 130.5, 130.2, 125.2,
122.4, 34.3, 32.6, 32.6, 31.9, 29.7, 29.7, 29.6, 29.5,
29.4, 29.3, 29.2, 29.1, 29.0, 24.7, 22.7, 14.1.
Compound 4a: To a stirring solution of compound 2a and
1-eicosene in dry CH2Cl2 is added Grubbs 2nd
generation catalyst and the mixture is refluxed for 1
day. The reaction is then concentrated in vacuo and is
then subjected to column chromatography using silica
gel to give the title compound 4a. Compound 6 : To a
solution of w-undecylenyl alcohol (2 ml, 98 %, 9.74
mmol) in anhydrous THF (15 ml) and DMF (5 ml) was
added sodium hydride (60 % in mineral oil, 584 mg, 1.5
equiv.) at 0 C, in 10 minutes followed by adding TBAI
(80 mg) and 1-bromopentane (1.82 ml, 1.5 equiv.).
After stirring overnight under reflux, t.l.c (PE-EA
6:1) indicated the consumption of the alcohol. The
mixture was diluted with DCM and quenched with water.
The aqueous phase was extracted with DCM (3x), washed
with saturated sodium bicarbonate 



and then brine. The organic phase was dried (sodium
sulfate), concentrated and the residue purified by
flash column chromatography (Petroether-DCM, 3:1) to
provide ether 6 (2.21 g, 99 %, Rf: 0.12 with PE-DCM
3:1). Compound 7 was produced in the same way as 6 in
the yield of 94 %. 6 : 1H NMR (500 MHz, CDCl3) 5.81
(m, 1 H, H-10), 4.95 (m, 2 H, H-I l), 3.38 (t, J = 7.0
Hz, 4 H, H-I, H-I'), 2.03 (m, 2 H, H-9), 1.56 (m, 4 H,
H-2, H-2'), 1.37-1.27 (m, 16 H, H-3-8; H- 3'-4'), 0.88
(t, J = 6.9 Hz, 3 H, H-5'). 13 C NMR (125 MHz, CDCl3)
: 138.9, 114.1, 71.0, 70.6, 33.8, 31.9, 29.8, 29.5,
29.5, 29.4, 29.1, 28.9, 26.2, 19.4, 14.1.Compound 8:
To a stirring solution of ester 2 (190 mg, 0.623 mmol)
and ether 6 (200 mg, 0,833 mmol, 1.3 equiv.) in dry
chloroform (20 ml) was added Grubbs 2n generation
catalyst (36 mg, 7 mol %) and the mixture was refluxed
for 1 day, whereupon the reaction was concentrated in
vacuo and then subjected to column chromatography
using silica gel (PEDCM 3:2) to give the title
compound 8 (174 mg, 84 %, trans/cis: 4:1, Rf: 0.16
with PE-DCM 1:1). Compound 9 was produced in the same
way as 8 in the yield of 81 %. 8 : 1H NMR (500 MHz,
CDCl3) 8.26 (d, J = 9.0 Hz, 2 H), 7.27 (d, J = 9.1 Hz,
2 H), 5.37 (m, 2 H, H-1 0, H-I l), 3.38 (t, J = 6.7
Hz, 4 H, H-20, H-22), 2.58 (t, J = 7.5 Hz, 2 H, H-2),
1.96 (m, 4 H, H-9, H-12), 1.75 (pent, J = 7.4 Hz, 2 H,
H-3), 1.56 (m, 4 H, H-1 9, H-23), 1.39 (m, 2 H, H-4),
1.32-1.25 (m, 24 H, H-5-8, H-13-18, H-24-25), 0.88 (t,
J = 6.7 Hz, 3 H, H-26). 13 C NMR (125 MHz, CDCl3) :
171.1, 155.6, 145.3, 130.5, 130.2, 125.2, 122.4, 71.0,
34.3, 32.6, 32.7, 29.8, 29.7, 29.6, 29.5, 29.3, 29.2,
29.0, 26.2, 25.8, 24.7, 22.6, 14.1. Compound 13:
Compound 4a is dissolved in DCM/MeOH (1:1) and to the
solution is added 5% Pd on carbon (30 mol %). The
reaction mixture is then stirred under hydrogen until
the reaction is determined to be complete by TLC
analysis. The reaction is then concentrated in vacuo
and is then subjected to column chromatography using
silica gel to give the title compound 13. Compound 14:
Methyl ester 13 (147 mg, 0.32 mmol) was dissolved in
10 ml iPrOH/THF (1:1) and to it was added 100 mg NaOH
in water (2 ml). The mixture was stirred at 60 0C for
5 h, whereupon tic (PE/EA 12:1) indicated the
hydrolysis was complete. After neutralization with 2 N
HCl, the solution was directly concentrated in vacuo.
To a solution of the above fatty acid residue in DCM
(10 ml) was added ranitrophenol (160 mg, 0.5 mmol). In
the presence of DCC (160 mg) and 4-DMAP (35 mg), the
reaction mixture was stirred at rt overnight,
whereupon t.l.c (PE-EA 10:1) indicated the reaction
was finished. The suspension was diluted with DCM and
to it was added small amount of silica gel. After
evaporation, the residue was purified by flash column
chromatography (PE/EA 20:1) to provide ester 14 (154
mg, 86 %). 1 NMR (500 MHz, CDCl3) 8.27 (d, J = 9.1 Hz,
2 H), 7.28 (d, J = 9.1 Hz, 2 H), 2.59 (t, J = 7.5 Hz,
2 H, H-2), 1.76 (pent., J = 7.5 Hz, 2 H, H-3), 1.41
(pent., J = 7.0 Hz, 2 H, H-4), 1.37- 1.22 (m, 48 H,
H-5 to H-28), 0.88 (t, J = 7.0 Hz, 3 H, H-29). 13 C
NMR (125 MHz, CDCl3) : 171.3, 155.6, 145.3, 125.2,
122.4, 34.4, 33.7, 31.9, 30.2, 29.7, 29.7, 29.6, 29.6,
29.5, 29.4, 29.4, 29.2, 29.2, 29.1, 26.7, 24.8, 22.7,
14.1.An alternative approach to the synthesis of
specific intermediates using Julia-Lythgoe- Kocienski
coupling chemistry is described in Scheme 2E. Using
this approach, commercially available alkylbromide 18
is reacted with commercially available benzthiazole
thiol 19 to form carboxylic acid 20 after displacement
of bromide. The thioether on carboxylic acid 20 is
then oxidized with mCPBA to form sufone 21. Sulfone 21
is then reacted with aldehyde 23 (which is synthesized
from commercially available alcohol 22 using, for
example, Swern conditions) in the presence of lithium
hexamethyldisilazide under Julia-Lythgoe-Kocienski
conditions. This will provide alkene carboxylic acid
24. Carboxylic acid 24 can then either be converted
directly to the unsaturated p-nitrophenyl ester 4 upon
treatment with p-nitrophenol in the presence of DCC
and DMAP, or to the saturated p-nitrophenyl ester 15
through (1) hydrogenation with, for example 5%
palladium on carbon in the presence of hydrogen, and
(2) treatment of the resultant saturated acid 25 with
p-nitrophenol in the presence of DCC and DMAP. Scheme
2E Alternative Synthesis of 4 and 14 using
Julia-Lythgoe-Kocienski chemistry as the C-C
bond-forming step B. Preparation of Glycolipids The
glycolipids of the present invention can be prepared
by the method shown in Scheme 3 below.Scheme 3 In
Scheme 3, Z is -CH=CH-, O, -0-AIk-CH=CH-, or
-CH=CH-O-; and each 



occurrence of AIk independently represents an alkyl
chain such that the total number of carbon atoms in
the fatty acid chain is from 23 to 32 carbon atoms.
Compound (H) is deprotected (i.e., the BOC and
isopropylidene protecting groups are removed),
preferably by being treated with trifluoroacetic acid
and triethylsilane in dicholormethane, and reacted
with fatty acid ester (D) or (G) to produce compound
(I). Compound (I) is then deprotected, for example,
with sodium and ammonia, to produce alkene-linker
compound (J) or reduced, for example, with hydrogen
gas over palladium on carbon, to produce alkane-linked
compound (K). The compounds can be purified by methods
known in the art, such as by flash column
chromatography. Compound (H) can be prepared by using
a one-pot Julia-Lythgoe-Kocienski reaction between a
base labile sugar aldehyde (L) and a sulfone (M) as
outlined in scheme 3a below. Scheme 3aAn alternate
synthesis of the -CH2-CH2- linked analog to compound
(H), compound (U) is depicted in Scheme 3b below.
Scheme 3b In Scheme 3b, aldehyde (O) is derived from
alkene (N) . Homologation via Wittig chemistry
followed by reduction to the alcohol affords an
allylic alcohol for treatment with well-established
Sharpless epoxidation to form the epoxy (Q). Sodium
azide opening with inversion leads to the protected
amino hydroxy aldehyde (S). Then Grignard chemistry
affords the alcohol (T).The synthesis of specific
glycolipids is shown in Scheme 4 below. Scheme 4
Typical procedure for amide formation: Compounds 10
(53 mg, 0.054 mmol) was dissolved in DCM (4 ml) and to
it was added suitable amounts of trifluoroacetic acid
(0.2 ml) and triethylsilane (0.1 ml) at 0 0C. After
stirred at RT for 2 h, the mixture was directly
concentrated in vacuo. To the solution of the above
residue in THF were added the pnitrophenyl ester of
fatty acid 4 (31 mg, 1.03 equiv.) and catalytic amount
of DMAP. The mixture was then stirred at room
temperature for 2h, whereupon t.l.c (Petroether-EtOAc,
2:1) indicated the amidation was finished. The mixture
was evaporated and purified by flashcolumn
chromatography (Petroether-EtOAc-CHCl^ 2.5:1:0.5)
afforded compounds 11 (39 mg, 58 % for 2 steps).
Compound ll(E-amide chain): 1H NMR(500 MHz, CDCl3) :
7.37-7.23 (m, 20 H, 4 Ph), 5.97 (dd, 1 H, J2 l = 15.3
Hz, J2,3 = 6.7 Hz, H-2), 5.89 (m, 2 H, NH, H-I), 5.37
(s, 2 H, H-IO", H- 11"), 4.75 and 4.53 (2 d, 2 H, J =
11.9 Hz, PhCH2), 4.73 (t, 1 H, J 3,NH and 3, 2= 7.0
Hz, H-3), 4.66 (s, 2 H, PhCH2), 4.65 and 4.60 (2 d, 2
H, J = 12.2 Hz, PhCH 2), 4.57 (br s, 1 H, H-I'), 4.50
and 4.44 (2 d, 2 H, J = 11.9 Hz, PhCH 2), 3.99 (br s,
2 H, H-2', H-5'), 3.89 (s, 1 H, H-4'), 3.69 (dd, 1-H,
J6.a,6 .b = 9.2 Hz, J6 a,5 = 7.3 Hz,H-6'a), 3.59 (dd,
1 H, J3 = 8.2 Hz, J3.>4 . = 2.1 Hz, H-3'), 3.48 (dd, 1
H, J6 b,6 a = 10.3 Hz, J6 b 5 = 4.7 Hz,H-6'b), 3.45
(br, 2 H, H-4, H-5), 2.99 (d, 1 H, J 7.0 Hz, OH-4),
2.16 (t, 2 H, J2.. 3 .. = 7.3 Hz, H-2"), 1.95 (br s, 4
H, H-9", H- 12"), 1.79 (d, J = 6.1 Hz, OH-5), 1.62 (m,
2 H, 2 x H-3"), 1.42-1.18 (m, 68 H, 2 x H-4" to 2 x
H-8", 2 x H-13" to 2 x H-28", 2 x H-6 to 2 x H-18),
0.88 (t, 6 H, J = 6.9 Hz, 3 x H-19, 3 x H-26"); 13 C
NMR (125 MHz, CDCl3) 173.1, 138.4, 138.3, 138.2,
138.0, 130.4, 130.2, 129.8, 128.4, 128.3, 128.1,
127.8, 127.8, 127.7, 127.6, 127.4, 126.2, 115.6, 78.2,
76.9, 76.7, 74.5, 73.6, 73.2, 73.3, 73.1, 72.9, 68.7,
53.7, 36.8, 33.8, 32.6, 31.9, 29.7, 29.7, 29.5, 29.4,
29.2, 25.7, 25.7, 22.7, 14.1. Compound 13 (E/Z amide
chain 4:1): 1 NMR(500 MHz, CDCl3) : 7.34-7.22 (m, 20
H, 4 Ph), 5.97 (dd, 1 H, J2 1 = 15.6 Hz, J2 3 = 6.5
Hz, H-2), 5.91-5.86 (m, 2 H, NH, H-I), 5.37 (s, 2 H,
H- 10", H-H "), 4.76 and 4.54 (2 d, 2 H, J = 11.6 Hz,
PhCH2), 4.72 (t, 1 H, J3>NH and 3,2 = 7.0 Hz, H-3),
4.67 (s, 2 H, PhCH2), 4.65 and 4.60 (2 d, 2 H, J =
12.2 Hz, PhCH2), 4.57 (br s, 1 H, H- 1'), 4.50 and
4.44 (2 d, 2 H, J = 11.9 Hz, PhCH2), 4.00 (br s, 2 H,
H-2', H-5'), 3.90 (t, 1H, J = 2.6 Hz, H-4'), 3.69 (dd,
1-H, J6 a,6 b = 9.9 Hz, J6 a,5 = 7.4 Hz,H-6'a), 3.59
(dd, 1 H, h = 8.4 Hz, J3.,4. = 5.9 Hz, H-3'), 3.50
(dd, 1 H, J6.b,6 a = 10.2 Hz, J6.b,5 = 4.5 Hz,H-6'b),
3.46 (br, 2 H, H-4, H-5), 3.39 (t, 4 H, J = 6.7 Hz,
H-20", H-22"), 2.98 (br s, 1 H, OH-4), 2.16 (t, 2 H,
J2 = 7.5 Hz, H-2"), 1.95 (br s, 4 H, H-9", H-12"),
1.80 (br s, OH-5), 1.62 (m, 2 H, 2 x H-3"), 1.56 (m, 4
H, H-19", H-23"), 1.42-1.20 (m, 54 H, 2 x H-4" to 2 x
H-8", 2 x H-13" to 2 x H- 18",2 x H-24" to 2 x H-26",
2 x H-6 to 2 x H-18), 0.88 (t, 6 H, J = 6.9 Hz, 3 x
H-19, 3 x H- 27"); 13 C NMR (125 MHz, CDCl3) 173.1,
138.5, 138.3, 138.2, 138.1, 130.4, 130.3, 129.8,
128.4, 128.4, 128.3, 128.3, 128.1, 127.8, 127.8,
127.7, 127.6, 127.6, 127.5, 78.2, 76.9, 76.7, 



74.7, 73.76, 73.3, 73.2, 73.0, 71.0, 53.8, 36.9, 33.8,
32.6, 31.9, 31.7, 29.8, 29.8, 29.7, 29.7, 29.7, 29.6,
29.6, 29.5, 29.5, 29.4, 29.3, 29.2, 29.2, 29.2, 26.2,
25.9, 25.7, 22.7, 22.6, 14.1, 14.0.Compound
trans-(A-l): 1Y NMR(500 MHz, pyridine-d5): 5 8.67 (d,
1 H, J = 8.7 Hz, NH), 6.92 (m, 2H, H-I, H-2), 6.86 (br
s, 1 H, 2'-OH), 6.57 (br s, 1 H, 4-OH), 6.52 (br s, 1
H, 3'- OH), 6.43 (br s, 1 H, 6'-OH), 6.35 (br s, 1 H,
4'-OH), 6.28 (br s, 1 H, 5-OH), 5.93 (m, 1 H, H- 3),
5.53 (m, 2 H, H-IO", H-I l "), 5.15 (m, 1 H, H-I'),
4.84 (dd, 1 H, J v a = 9.1 Hz, J v r = 6.1 Hz, H-2'),
4.61 (br s, 1 H, H-4'), 4.58 (t, 1 H, J = 6.0 Hz,
H-5'), 4.37 (m, 2 H, H-6a', H- 6b'), 4.28 (m, 3 H,
H-3', H-4, H-5,), 2.45 (t, 2 H, J = 7.5 Hz, H-2"),
2.31 (m, 1 H, H-6a), 2.06 (m, 4 H, H-9", H-12"), 1.93
(m, 2 H, H-7a, H-6b), 1.83 (m, 2 H, H-3"), 1.70 (m, 1
H, H-7b), 1.44-1.17 (m, 62 H, H-8 to H-18, H-4" to
H-8", H-13" to H-28"), 0.88 (t, 6 H, J = 6.8 Hz, 3 x
H-19, 3 x H-29"). A-2: 1H NMR(500 MHz, pyridine-d5):
8.55 (d, 1 H, J = 9.5 Hz, NH), 6.90 (m, 2H, H-I, H-
2), 6.71 (br s, 1 H, 2'-OH), 6.44 (br s, 1 H, 4-OH),
6.37 (br s, 1 H, 3'-OH), 6.29 (br s, 1 H, 6'- OH),
6.22 (d, 1 H, J = 4.0 Hz, 4'-OH), 6.13 (br s, 1 H,
5-OH), 5.89 (m, 1 H, H-3), 5.15 (m, 1 H, H-I'), 4.84
(m, 1 H, H-2'), 4.60 (br s, 1 H, H-4'), 4.56 (dt, I H1
J 5.9 Hz, 1.7 Hz, H-5'), 4.41 (m, 2 H, H-6a', H-6b'),
4.29 (m, 3 H, H-3'), 4.26 (m, 2 H, H-4, H-5,), 2.45
(t, 2 H, J = 7.5 Hz, H-2"), 2.28 (m, 1 H, H-6a), 1.93
(m, 2 H, H-7a, H-6b), 1.84 (m, 2 H, H-3"), 1.71 (m, 1
H, H-7b), 1.46-1.17 (m, 72 H, H-8 to H-18, H-4" to
H-28"), 0.89 (t, 6 H, J = 6.9 Hz, 3 x H- 19, 3 x
H-29"). 13C NMR (125 MHz, pyridine-d5) 175.1, 132.4,
127.8, 78.7, 76.8, 74.9, 73.1, 73.0, 71.3, 70.6, 63.0,
54.3, 37.4, 34.9, 34.5, 32.5, 30.9, 30.7, 30.5, 30.5,
30.4, 30.3, 30.3, 30.2, 30.2, 30.2, 30.0, 27.5, 26.9,
26.8, 23.3, 14.6. A-3: MS (ES, m/z): 896.7 (M + H)+;
1R NMR(500 MHz, pyridine-d5): 8.39 (d, 1 H, J = 8.8
Hz, NH), 6.61 (d, 1 H, J = 4.0 Hz, 2'-OH), 6.45 (d, 1
H, J = 4.8 Hz, 4-OH), 6.33 (m, 2 H, 3'- OH, 6'-OH),
6.12 (d, 1 H, J = 4.1 Hz, 4'-OH), 5.94 (d, 1 H, J 4.2
Hz, 5-OH), 5.53 (m, 2 H, H-Il", H-12"), 5.13 (m, 1 H,
H-3), 4.72 (m, 1 H, J y =9.3 Hz, H-2'), 4.52 (m, 3 H,
H-I', H- 4', H-6a'), 4.36 (m, 1 H, H-6b'), 4.23 (m, 4
H, H-3', H-4, H-5, H-5'), 2.72 (m, 1 H, H-2a), 2.58
(m, 1 H, H-Ia), 2.46 (m, 2 H, H-2"), 2.33 (m, 2 H,
H-6a, H-Ib), 2.31 (m, 1 H, H-Ib), 2.22 (m, 1 H, H-2b),
2.06 (m, 4 H, H-IO", H-13"), 1.94 (m, 2 H, H-7a,
H-6b), 1.85 (m, 2 H, H-3"), 1.71 (m, 1 H, H-7b),
1.48-1.17 (m, 64 H, H-8 to H-18, H-4" to H-9", H-14"
to H- 28"), 0.89 (t, 6 H, J = 6.8 Hz, 3 x H-19, 3 x
H-29"); 13C NMR (125 MHz, pyridine-d5) 173.8, 131.2,
131.1, 78.9, 77.4, 74.2, 73.1, 72.6, 71.0, 70.8, 63.1,
53.1, 37.4, 34.9, 33.3, 32.5, 30.8, 30.6, 30.5, 30.4,
30.4, 30.3, 30.3, 30.2, 30.2, 30.2, 30.1, 30.0, 30.3,
29.9, 27.0, 26.9, 26.9, 23.3, 23.0, 14.6.A-5 (and
A-4): 1H NMR(500 MHz, pyridine-d5): 5 8.49 (d, 1 H, J
= 9.0 Hz, NH), 6.73 (d, 1 H, J = 4.7 Hz, 2'-OH), 6.56
(d, 1 H, J = 4.7 Hz, 4-OH), 6.46 (m, 2 H, 3'-OH,
6'-OH), 6.24 (d, 1 H, J = 4.4 Hz, 4'-OH), 6.07 (d, 1
H, J = 4.7 Hz, 5-OH), 5.13 (m, 1 H, H-3), 4.72 (dd, 1
H, J 3 ,2 = 8.7 Hz, J v,2' = 5.5 Hz, H-2'), 4.50 (m, 3
H, H-I', H-4', H-6a'), 4.36 (dd, 1 H, J 6a. 6b . =
11.3 Hz, J 5.,6b . = 4.5 Hz, H-6b'), 4.23-4.19 (m, 4
H, H-3', H-4, H-5, H-5'), 3.39 (m, 4 H, H- 20",
H-22"), 2.71 (m, 1 H, H-2a), 2.58 (m, 1H, H-Ia), 2.45
(m, 2 H, H-2"), 2.30 (m, 2 H, H- 6a, H-Ib), 2.19 (m, 1
H, H-2b), 1.91 (m, 2 H, H-7a, H-6b), 1.83 (m, 2 H,
H-3"), 1.68 (m, 1H, H-7b), 1.60 (m, 4 H, H-19",
H-23"), 1.51-1.18 (m, 56 H (or 58 H for A-4), H-8 to
H-18, H- 4" to H-18", H-24"-H-25" (or -H-26" for
A-4)), 0.85 (t, 6 H, J = 6.9 Hz, 3 x H-19, 3 x H-
26"); 13 C NMR (125 MHz, pyridine-d5) 173.8, 78.8,
77.5, 74.1, 73.0, 72.5, 71.3, 71.0, 70.7, 63.1, 53.0,
37.3, 34.8, 32.5, 32.3, 30.7, 30.6, 30.5, 30.4, 30.3,
30.2, 30.2, 30.0, 27.0, 26.9, 26.6, 23.3, 14.6. A-6:
Compound A-6 is prepared using the same procedure as
described above for compound A-I, except compound 10
is reacted with compound 16 to form benzyl protected
A-6. The benzyl groups are then removed with sodium in
ammonia to afford the title compound A-6. A-7:
Compound A-7 is prepared using the same procedure as
described above for compound A-I, except compound 10
is reacted with p-nitrophenyl- w-phenylheptanoate to
form benzyl protected A-7. The benzyl groups are then
removed with sodium in ammonia to afford the title
compound A-7. p-Nitrophenyl- w-phenylheptanoate is
prepared by reacting an equimolar amount of
pnitrophenol and phenylheptanoic acid in
dichloromethane in the presence of one equivalent of
DCC and 5 mol % DMAP. The precipitate of dicyclohexyl
urea is filtered off after the reaction is completed,
and the dichloromethane removed in vacuo. The material
is then quickly chromato graphed on silica gel for
purification.II. Biological Examples 



Example 1 : Determination of kinetic profiles of ThI-
and Th2-type cytokines that are released upon in vivo
administration of the compounds of the invention
Materials and Methods Tested compounds a-GalCer
(KRN7000) was synthesized by Kirin Brewery (Gumma,
Japan). a-CGalCer (CROlSfY 101) was synthesized as
described in Schmieg J, Yang G, Franck RW, Tsuji M.
2003. Superior protection against malaria and melanoma
metastases by a C-glycoside analogue of the natural
killer T cell ligand a-galactosylceramide. J Exp Med
198: 1631- 1641. KRN 7000 CRONY 101 The other tested
synthetic C-glycolipids were synthesized as described
above. In vivo compound administration Five- to
six-week-old female C57BL/6 mice and BALB/c mice were
purchased from Taconic. Each glycolipid was stored at
lmg/ml in 100% DMSO. Mice were injected intravenously
with 1mg of each glyocolipid diluted in 200mL sterile
phosphate buffered saline (PBS). At indicated time
points, sera were collected from each animal, and
concentrations of IFN-g, IL-4, and IL- 12 in the sera
were evaluated by enzyme-linked immunosorbent assay
(ELISA). Cytokine evaluation by enzyme-linked
immunosorbent assay (ELISA) Serum concentrations of
IFN-g, IL-4, and IL- 12 were evaluated using an ELISA
kit (eBioscience, San Diego, CA). Briefly, 96 well
flat-bottom ELISA plates (NUNC) were coated with
capture antibody according to the manufacture's
recommendation and incubated overnight at 4C. The
plates were washed with PBS + 0.05% Tween 20 (PBS-T),
thenincubated with manufacturer provided blocking
solution for 1 hr at room temperature to block
non-specific binding sites. After washing with PBS-T,
sera diluted 1:10 was added to the wells and incubated
for 2 hrs at room temperature. Plates were then
incubated at room temperature for 1 hr with
biotintylated detection antibody, washed, incubated
with avidin conjugated to horse radish peroxidase
(HRP) for 30 min at room temperature, washed, and
finally incubated with tetramethylbenzidine substrate
solution in the dark for 10 minutes at room
temperature. The antibodies, avidin-HRP, and substrate
solution were all diluted according to the
manufacture's recommendation. Reactions were stopped
with 2.0N sulfuric acid and the cytokine concentration
in each well was determined by comparing the
absorbance at 450 nm in each well to known standards.
Results The levels of ThI- and Th2-type cytokines were
determined in two different genetic backgrounds, i.e.,
in C57BL/6 mice and BALB/c mice. The following
compounds were administered: A= compound (A-I
trans-conformer), B= compound (A-2), C= compound (A-
3), D= compound (A-4), E= compound (A-5), Z=control
(PBS alone), CRONY=a-C-GalCer, KRN=a-GalCer, GCK109
(A-I trans-conformer), GCK151 (A-I cis-conformer),
GCK152 (A-7). The levels of cytokines were measured at
0, 2, 6, 12, 24, 48, and 72 hours after the compound
administration. The levels of Thl-type cytokines IFN-g
and IL-12 are summarized in Figures 2A-C and 3A-C,
respectively. The levels of Th2-type cytokine IL-4 are
summarized in Figures 4A-C. The corresponding
numerical values are also provided in Tables 1-6
below. Table 7 provides IFN-g/IL-4 and IL-12/IL-4
ratios for various compounds, which can be used as
indicators of their ability to selectively stimulate
Thl-type immune responses. As follows from the Figures
and Tables, when compared to a-GalCer (KRN), several
tested synthetic C-glycolipids of the invention
produced (i) comparable or higher levels and extended
secretion of both Thl-type cytokines IFN-g and IL-12
and (ii) much lower levels of Th2-type cytokine IL-4.
The effect was particularly pronounced in the case of
compounds A-I (trans-conformer), A-2, and A-5. The
ability of the compounds of the present invention to
selectively induce high levels of IL-12 Thl-type
cytokine in the absence of Th2-type cytokine induction
indicates that these compounds are potent selective
stimulators of Thl-type immune responses which are
local and are associated with secondary activation of
dendritic cells. The compounds of the present
invention are therefore useful in treatment of various
diseases which require a Th-I -type response for
control both when used directly and when used as
adjuvants.Optical Vital Sign Detection Method and
Measurement Device CROSS-REFERENCE TO
RELATEDAPPLICATIONS 



This application claims the benefit of and priority to
U.S. Provisional Patent Application Ser. No.
60/802,810, filed on May 24, 2006, U.S. Provisional
Patent Application Ser. No. 60/874,665, filed on Dec.
13, 2006, and U.S. Provisional Patent Application Ser.
No. 60/898,269, filed on Jan. 31, 2007, all of which
are herein incorporated by reference in their
entirety. TECHNICAL FIELD This invention relates to
detecting vital signs, and more particularly to a
vital sign measurement device. BACKGROUND Blood
pressure refers to the force exerted by circulating
blood on the walls of blood vessels and constitutes
one of the principal vital signs. The systolic
pressure is the peak pressure in the arteries, which
occurs near the beginning of the cardiac cycle. The
diastolic pressure is the lowest pressure, which is at
the resting phase of the cardiac cycle. The average
pressure throughout the cardiac cycle is reported as
the mean arterial pressure. The pulse pressure
reflects the difference between the maximum and
minimum pressures measured. Blood pressures can be
measured invasively (by penetrating the skin and
measuring inside the blood vessels) or non-invasively.
The former is usually restricted to a hospital
setting. The non-invasive auscultatory and
oscillometric methods are simpler and quicker than
invasive methods, have less complications, and are
less unpleasant and less painful for the patient.
Non-invasive measurement methods are more commonly
used for routine examinations and monitoring. The
auscultatory method typically uses a stethoscope and a
sphygmomanometer. An inflatable cuff is placed around
the upper arm at roughly the same vertical height as
the heart and pneumatically connected to a mercury
manometer or aneroid gauge. The mercury manometer
measures the height of a column of mercury, giving an
absolute cuffpressure measurement without need for
calibration and consequently not subject to the errors
and drift of calibration which affect other pressure
gauges. The cuff is inflated manually by repeatedly
squeezing a rubber bulb until the brachial artery is
completely occluded. While listening with the
stethoscope over the brachial artery distal to the
pressurized cuff, the examiner slowly releases the
pressure in the cuff. When blood just starts to flow
in the artery, the turbulent flow creates a
"whooshing" or pounding sound (first Korotkoff
sounds). The pressure at which this sound is first
heard is the systolic blood pressure. The cuff
pressure is further released until no sound can be
heard (fifth Korotkoff sound), at the diastolic blood
pressure. Oscillometric methods are sometimes used for
continuous monitoring and sometimes for making a
single measurement. The equipment is functionally
similar to that of the auscultatory method but does
not rely on the use of a stethoscope and an examiner's
ear. Instead, the detection means is a pressure sensor
that is pneumatically connected to the cuff and
registers the (relatively small) oscillations in cuff
pressure that are synchronous with the arterial
pressure waveform. The first oscillation in cuff
pressure does not occur at the systolic pressure, but
at a cuff pressure substantially above systolic
pressure. The cuff is initially inflated to a pressure
in excess of the systolic blood pressure. The cuff
pressure is then gradually reduced. The values of
systolic and diastolic pressure are calculated from
the different oscillation amplitudes that occur at
various cuff pressures by the use of an algorithm.
Algorithms used to calculate systolic and diastolic
pressure often use experimentally obtained
coefficients aimed at matching the oscillometric
results to results obtained by using the auscultatory
method as well as possible. SUMMARY In some aspects, a
vital sign measurement device includes a sensor
fixation device, an optical sensing system, and an
output unit. The sensor fixation device is adapted to
be placed against an anatomical location of a subject,
within which is an artery. The optical sensing system
includes an optical source, an optical refractor, and
an optical detector, all of which are held by the
sensor fixation device and move with movement of the
sensor fixation device. The optical sensing system is
positioned withrespect to the sensor fixation device
to sense movement corresponding to an arterial pulse
when the sensor fixation device is placed against the
anatomical location of the subject. 



The optical sensing system can sense an arterial pulse
from the movement, bending, or compression of at least
one portion of the optical sensing system relative to
other portions of the optical sensing system, which
can result in a change in an optical signal received
by the optical detector. The output unit receives,
from the optical sensing system, an input indicative
of movement corresponding to an arterial pulse and
generates, using the input, a measure of the vital
sign. In some implementations, the sensor fixation
device can be an inflatable cuff. In some
implementations, the vital sign measurement device can
include pressure sensor to detect a pressure applied
to the anatomical location. In some implementations,
the output unit can receive, from a pressure sensor, a
pressure input indicative of the pressure applied to
the anatomical location and generate a vital sign
using the input from the optical sensing system and
the pressure input. In some implementations, the
anatomical location of the subject the body can be an
upper arm and the sensor fixation device can be
configured so that the optical sensing system is
positionable to sense movement due to a pulse of a
brachial artery. In some implementations, the
anatomical location of the subject can be a wrist and
the sensor fixation device can be configured so that
the optical sensing system is positionable to sense
movement due to a pulse of a radial artery. In some
implementations, the anatomical location of the
subject can be an ankle, and the sensor fixation
device can be configured so that the optical sensing
system is positionable to sense movement due to a
pulse of one or more arteries in the ankle. In some
implementations, optical refractor can be a
compressible waveguide and/or a flexible waveguide. In
some implementations, the optical refractor can be a
diffuser. In some implementations, the optical source
and the optical refractor can be configured to produce
a speckle pattern output. The optical detector can be
positioned to detect a portion of the speckle pattern
output and generate therefrom a signal indicative of
optical energy received within the detected portion of
the speckle pattern output. In some implementations,
the optical sensor can include a spatial optical
occluder component thatprevents the optical detector
from receiving a portion of the speckle pattern
output. In some implementations, the optical detector
can have an optical energy receiving portion having a
smaller surface area than the speckle pattern output.
For example, the surface area of the optical energy
receiving portion can be less than 100 times an
average speckle size. In some implementations, the
optical source can be a coherent light source (e.g., a
laser). In some implementations, the vital sign can be
at least one of a heart rate, an arterial pulse
waveform, a systolic blood pressure, a diastolic blood
pressure, a mean arterial blood pressure, a pulse
pressure, and an arterial compliance.. In some
implementations, the output unit can generate a
measure of the vital sign using a signal indicative of
the optical signal received by the optical detector.
In some implementations, the vital sign measurement
device can include display to depict a vital sign
measurement generated by the output unit. In some
implementations, the vital sign measurement device can
include an alarm system to produce a human detectable
signal when a vital sign measurement generated by the
output unit meets a predetermined criteria. In some
implementations, the vital sign measurement device can
include a spring attached to at least a portion of the
optical sensing system to counter a force from the
arterial pulse and to return the optical sensing
system to an initial state after the arterial pulse.
In some implementations, the vital sign measurement
device can include a pressure imparting device adapted
to be placed against a second anatomical location of a
subject proximal to the anatomical location of the
sensor fixation device to allow for arterial pulse
detection by the optical sensing system at a position
distal to and separated from the pressure imparting
device. In some implementations, the optical sensing
system and the output unit can be adapted to sense a
pulse amplitude of the arterial pulse from the
movement, bending, or 



compression of at least one portion of the optical
sensing system relative to other portions of the
optical sensing system, which can result in a change
in the optical signal received by the optical
detector. In some implementations, the optical sensing
system can beconfigured to detect optical signals
representative of a series of arterial pulses and the
output unit can be adapted to determine a pulse
waveform for each of the series of arterial pulses. In
some aspects, a method of measuring a vital sign of a
subject includes placing a sensor fixation device
against an anatomical location of a subject, sensing
movement corresponding to an arterial pulse, and
generating a measure of the vital sign. The sensor
fixation device holds an optical sensing system
comprising an optical source, an optical refractor and
an optical detector, all of which are held by the
sensor fixation device and move with movement of the
sensor fixation device. An arterial pulse can result
in the movement, bending, or compression of at least
one portion of the optical sensing system relative to
other portions of the optical sensing system, which
can result in a change in a optical signal received by
the optical detector. The vital sign is generated
using an input indicative of the changes in the amount
of optical energy received by the optical detector. In
some implementations, the method can include applying
a pressure to the anatomical location of the subject
with the sensor fixation device. For example, the
method can include reducing the pressure applied to
the anatomical location with the sensor fixation
device over the period of time and determining a
series of pulse characteristics for arterial pulses
during the period of time from changes in the optical
signal received by the optical detector over the
period of time. The generated measure of the vital
sign can be based on the series of pulse
characteristics during the period of time. In some
implementations, the method can include obtaining a
measured blood pressure measurement, an initial pulse
characteristic, and a subsequent pulse characteristic
and generating a vital sign based on the measured
blood pressure measurement, the initial pulse
characteristic, and the subsequent pulse
characteristic. The initial pulse characteristic can
be obtained at an initial time, and a subsequent pulse
characteristic can be obtained at a subsequent time,
using an input indicative of the sensed movement from
the optical sensing system. The measured blood
pressure measurement can be obtained at a measurement
time closer to the initial time than to the subsequent
time..In some implementations, the optical source and
the optical refractor can be configured to produce a
speckle pattern output that changes in response to
relative movement of optical source and the optical
refractor. In some implementations, the vital sign can
be at least one of a heart rate, an arterial pulse
waveform, a systolic blood pressure, a diastolic blood
pressure, a mean arterial blood pressure, a pulse
pressure, and an arterial compliance. In some
implementations, generating the measure of the vital
sign can include determining a pulse amplitude from
changes in the amount of optical energy received by
the optical detector. In some aspects, a vital sign
measurement device includes a sensor fixation device,
an optical sensing system, and an output unit. The
sensor fixation device is adapted to be placed against
an anatomical location of a subject, within which is
an artery. The optical sensing system includes an
optical source device and an optical detector, both of
which are held by the sensor fixation device and move
with movement of the sensor fixation device. The
optical source device is configured to produce a
speckle pattern and the optical detector is positioned
to detect at least a portion of the speckle pattern
output and generate therefrom the detected portion of
the speckle pattern output. The optical sensing system
can sense an arterial pulse from the movement,
bending, or compression of at least one portion of the
optical sensing system relative to other portions of
the optical sensing system, which can result in a
change in the optical signal received within the
detected portion of the speckle pattern output. The
output unit generates a measure of the vital sign
using a signal indicative of the optical signal
received within the detected portion of the speckle
pattern. In some implementations, the sensor fixation
device can be an inflatable cuff. In some
implementations, the vital sign measurement device can
include pressure sensor to detect a pressure applied
to the anatomical location. In some implementations,
the output 



unit can receive, from a pressure sensor, a pressure
input indicative of the pressure applied to the
anatomical location and generate a vital sign using
the input from the optical sensing system and the
pressure input.In some implementations, the anatomical
location of the subject is an upper arm, and the
sensor fixation device is configured so that the
optical sensing system is positionable to sense
movement due to a pulse of a brachial artery. In some
implementations, the optical source device can include
an optical source and a diffuser that diffuses an
optical signal produced by the optical source to
produce the speckle pattern output. For example, the
diffuser can include polyoxymethylene, a white
fluoropolymer, polyamide, or a combination thereof. In
some implementations, the optical signal can travel
through a portion of the diffuser having a thickness
of between 0.2 mm and 1.0 mm. In some implementations,
the optical source device can include an optical
source and a mirror with surface imperfections that
refracts an optical signal produced by the optical
source to produce the speckle pattern. In some
implementations, the vital sign measurement device can
include a spatial optical occluder adapted to prevent
the optical detector from receiving a portion of the
speckle pattern output. For example, the spatial
optical occluder can be a blocking structure having an
optical aperture formed therein. In some
implementations, the optical detector can have an
optical energy receiving portion having a smaller
surface area than the area of the speckle pattern
output. For example, the detected portion of the
speckle pattern can be less than 100 times an area of
an average speckle of the speckle pattern. In some
implementations, the detected portion of the speckle
pattern can be between 1 and 25 times the area of an
average speckle of the speckle pattern output. In some
implementations, optical source includes a coherent
light source. In some implementations, the optical
detector can include a plurality of optical detection
regions, each optical detection region adapted to
receive optical energy from the speckle pattern from a
plurality of detected regions of the speckle pattern
output. In some implementations, the optical detector
can be a CCD or CMOS detector. In some
implementations, the vital sign can be at least one of
a heart rate, an arterial pulse waveform, a systolic
blood pressure, a diastolic blood pressure, a mean
arterial blood pressure, a pulse pressure, and an
arterial compliance.In some implementations, the vital
sign measurement device can include a spring attached
to at least a portion of the optical sensing system to
counter a force from the arterial pulse and to return
the optical sensing system to an initial state after
the arterial pulse. In some implementations, the vital
sign measurement device can include a sensor pad held
by the sensor fixation device adjacent to the
anatomical location. Modulation of the sensor pad can
result in relative movement, compression, or bending
of portions of the optical source that can result in a
modulation of the speckle pattern output. In some
implementations, the optical sensing system can be
adapted to sense a pulse amplitude of the arterial
pulse from the movement, bending, or compression of at
least one portion of the optical sensing system
relative to other portions of the optical sensing
system, which can result in a series of changes in the
detected portion of the speckle pattern output. In
some implementations, the optical sensing system can
be configured to detect optical signals representative
of a series of arterial pulses and the output unit can
be adapted to determine a pulse waveform for each of
the series of arterial pulses In some aspects, a
method of measuring a vital sign in a subject can
include placing a sensor fixation device against an
anatomical location of a subject, generating a speckle
pattern using an optical source device held by the
sensor fixation device, detecting, using an optical
detector held by the sensor fixation device, a portion
of the speckle pattern output and generating therefrom
a signal indicative of optical energy received at the
detected portion of the speckle pattern, the detected
portion of the speckle pattern changing in response to
an arterial pulse, and generating a measure of the
vital sign using the generated signal indicative of
optical energy received at the detected portion of the
speckle pattern. In some implementations, the vital
sign can be at least one of a heart rate, an 



arterial pulse waveform, a systolic blood pressure, a
diastolic blood pressure, a mean arterial blood
pressure, a pulse pressure, and an arterial
compliance. In some implementations, the measure of
the vital sign can include detecting a number of
oscillations in optical energy received by the optical
detector during an arterial pulse. In some
implementations, the generation of the measure of the
vital sign using theinput indicative of the sensed
movement can include taking the time derivative of the
input indicative of the sensed movement. In some
aspects, a vital sign measurement device includes a
sensor fixation device, an optical sensing system, and
an output unit. The sensor fixation device is adapted
to be placed against an anatomical location of a
subject, within which is an artery. The optical
sensing system includes an optical source, a diffuser,
and an optical detector. At least one of the optical
source, the diffuser, and the optical detector is held
by the sensor fixation device and adapted to move in
response to an arterial pulse relative to at least one
of the other components of the optical sensing system.
The optical source and the diffuser are configured to
produce a speckle pattern. The optical detector is
positioned to detect a portion of the speckle pattern
output and to generate therefrom a signal indicative
of optical energy received within the detected portion
of the speckle pattern. The output unit generates a
measure of the vital sign using the generated signal
indicative of optical energy received within the
detected portion of the speckle pattern. The details
of one or more embodiments of the invention are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the
invention will be apparent from the description,
drawings, and claims. DESCRIPTION OF DRAWINGS FIG. 1
depicts one implementation of the vital sign
measurement device. FIGS. 2A, 2B, and 2C depict
various implementations of the vital sign measurement
device positioned on an upper arm, and showing three
different levels of cuff pressure relative to arterial
systolic pressure. FIG. 3 depicts an implementation of
a vital sign measurement device having a sensor
fixation device with an inflatable bladder. FIG. 4
depicts a series of pulses during deflation of a cuff
detected by a pressure sensor pneumatically coupled to
the cuff compared to simultaneously obtained pulses
detected by an optical sensing system held by a sensor
fixation device. FIGS. 5A, 5B, and 5C depict an
implementation of an optical sensor housing containing
the components of an optical sensing system.FIGS. 6A,
6B, and 6C depict an implementation of an optical
sensor housing containing the components of an optical
sensing system. FIGS. 7A and 7B depict a speckle
pattern produced by an optical source device including
an optical source and a waveguide. FIGS. 8A and 8B
depict a speckle pattern produced by an optical source
device including an optical source and a diffuser.
FIGS. 9A, 9B, and 9C depict implementations of the
optical sensing system including a spatial optical
occluder. FIGS. 1OA, 1OB, and 1OC depict
implementations of the optical sensing system
including an optical detector with a plurality of
optical detection regions. FIGS. 1IA, 1IB, and 11C
depict speckle patterns produced by various
implementations of vital sign measurement device. FIG.
12 depicts an electrical signal produced by an optical
detector receiving a portion of a speckle pattern
modulated by an arterial pulse. FIG. 13 depicts an
implementation of an optical detector having a
plurality of optical detection regions each producing
electrical signals. FIGS. 14A, 14B, and 14C depict
implementations of the different analytical methods
used to determine one or more vital signs by the
output unit. Like reference symbols in the various
drawings indicate like elements. DETAILED DESCRIPTION
As shown in fig. 1, a vital sign measurement device
can include a sensor fixation device 102, an optical
sensing system 104, and an output unit 106. An output
from the optical sensing system 104 can be used to
determine the measurement of a vital sign. The sensor
fixation device 102 can be placed against an
anatomical location of a subject 



112, within which is an artery 118. The optical
sensing system 104 can be positioned to sense movement
corresponding to an arterial pulse when the sensor
fixation device 102 is placed against the anatomical
location of the subject 112. The optical sensing
system 104 can include an optical source 202, an
optical refractor 212, 214, or 216 and an optical
detector 240, all of which can be held by the sensor
fixation device 102 and move with movement of the
sensor fixation device 102. An output unit 106 can
receive input fromthe optical sensing system 104 that
is indicative of movement corresponding to an arterial
pulse and can generate a measure of a vital sign. The
optical sensing system 104 can sense an arterial pulse
from the movement, bending, or compression of at least
one portion of the optical sensing system relative to
other portions of the optical sensing system, which
results in changes to the optical signal received by
the optical detector. For example, a vital sign can
include a heart rate, an arterial pulse waveform, a
systolic blood pressure, a diastolic blood pressure, a
mean arterial blood pressure, a pulse pressure, and/or
a measurement of arterial compliance. In some
implementations, the vital signs can be determined
from the timing of arterial pulses, the amplitude
and/or magnitude of arterial pulses, or from arterial
pulse waveforms. In some implementations, the vital
signs can be determined from output received from the
optical sensing system 104 alone or in combination
with other data (e.g., data regarding the pressure
within a pneumatic cuff). For example, in some
implementations, a heart rate can be determined from
the output received from the optical sensing system
104 alone. Sensor Fixation Device The sensor fixation
device 102 can be any structure adapted to hold and
position an optical sensing system 104 or a portion
thereof adjacent to an anatomical location of a
subject 112 such that the optical sensing system 104
can detect an arterial pulse. The sensor fixation
device 102 can hold the optical sensing system 104
adjacent to an anatomical location of a subject 112 at
a predetermined sensor fixation pressure or at an
adjustable sensor fixation pressure. For example, the
sensor fixation device 102 can be an adhesive bandage
or a cuff (e.g., an elastic cuff or an inflatable
cuff). In some implementations, the sensor fixation
device 102 can be an inflatable cuff 120 having an
inflatable bladder 122. The bladder 122 can be
pneumatically connected to a pump 124 via a hose 116.
In some implementations, the sensor fixation device
102 can apply a pressure to an anatomical location of
a subject 112. For example, a pneumatically inflatable
cuff can be inflated (e.g., via a pump 124) and
deflated (e.g., via a valve 126) to adjust the
pressure applied to a portion of a subject's body 112.
In some implementations, the device can include a
pressure imparting device (e.g, an inflatable cuff)
adapted for placement proximal to the placement of the
sensor fixation device 102, which holds the optical
sensor system 104.The sensor fixation device 102 can
be applied to any portion of a subject's body. In some
implementations, the sensor fixation device 102 is
sized and arranged for placement at an anatomical
location of a subject's body adjacent to a
predetermined artery 118 of the subject. As shown in
figs. 2A, 2B, and 2C, the sensor fixation device 102
can be positioned on an upper arm (above a subject's
elbow) so that the optical sensing system 104 can
sense movement corresponding to an arterial pulse in
the brachial artery 118. The sensor fixation device
102 can also be adapted for placement on the wrist so
that the optical sensing system 104 can sense movement
corresponding to an arterial pulse in the radial
artery. The sensor fixation device 102 can also be
positioned on a leg (e.g., at the ankle to detect
pulses in an artery), the neck, or any other part of
the body where an arterial pulse can be detected. As
shown in figs. 2A, 2B, and 2C, the optical sensing
system 104 can be positioned proximal to the midpoint
of the sensor fixation device 102 (as shown in fig.
2A), at the mid point of the sensor fixation device
102 (as shown in figs. 2B and 2C), or distal to the
mid point of the sensor fixation device 102 (not
shown). The placement of the optical sensing system
104 within the sensor fixation device 102 can impact
the data obtained. In some implementations, a pressure
applied to an artery lying below the surface of an
anatomical location can be non-uniform. For example,
although a body placement device 102 can apply a
uniform pressure, the pressure transmitted through the
layers of tissue can result in a non-uniform pressure
against an artery lying some distance below the
surface. In some implementations, the pressure applied
to an artery 



lying some distance below the skin by an inflatable
cuff can be greatest at the cuff midline and less at
the cuff margins. The location of the optical sensor
system 104 relative to the sensor fixation device 102
can be fixed to optimize the sensitivity to selected
features of the arterial pulse. In some
implementations, the optical sensor system 104 can be
located at the midline of the cuff such that it is not
responsive to pulsatile enlargement of the arterial
segment under the proximal part of the cuff when the
cuff pressure exceeds systolic pressure, thereby
allowing a precise determination of the systolic
pressure when the midsection of the arterial segment
opens. In other implementations, the optical sensor
system 104 can be located near the distal margin of
the cuff such that it is responsive specifically to
the pulsatile arterialdimension changes at that
location. Accordingly, the unique features of the
arterial pulse waveform at diastolic pressure at a
distal position can be identified, and effects of
arterial compliance in more distal arteries can be
detected. Outward flexing of the skin at the midline
of the cuff, and also distal to the midline, occurs
during systole when the cuff pressure is below
systolic pressure. At cuff pressures exceeding
systolic blood pressure, the arterial oscillations are
limited to the proximal area of the cuff, as discussed
above. In some implementations, the optical sensing
system 104 can be located on a body fixation device
102 separate from a pressure imparting device adapted
to be placed against a second anatomical location of a
subject proximal to the anatomical location of the
sensor fixation device 102 to allow for arterial pulse
detection by the optical sensing system at a position
distal to and separated from the pressure imparting
device. For example, the pressure imparting device can
be an inflatable cuff. In some implementations, both
the pressure imparting device and the body fixation
device 102 can be inflatable cuffs. Fig. 2A depicts a
sensor fixation device 102 imparting a pressure on the
arm exceeding arterial systolic pressure of the
brachial artery sufficient to result in a minimal
arterial opening under the leading edge of the sensor
fixation device 102 at systole. The amount of pressure
imparted against the sensor fixation device 102 will
pulsate slightly due to the arterial expansion at the
leading edge during an arterial pulse. No arterial
opening occurs at the positioning of the optical
sensing system 104, and therefore the optical sensing
system 104 does not produce a pulsatile signal. A
pulsatile signal, however, will occur at a higher
pressure if the optical sensing system 104 is located
at a position proximal to the midpoint of the sensor
fixation device 102 than if it is located at the
midpoint of the sensor fixation device 102. Fig. 2B
depicts a sensor fixation device 102 imparting a
pressure slightly exceeding arterial systolic
pressure, such that the arterial opening 118 extends
nearly to the midpoint of the sensor fixation device
102 at systole. The oscillation in pressure imparted
against the sensor fixation device 102 during an
arterial pulse pressure would be much larger than in
the case of fig. 2A, as the arterial expansion occurs
over nearly half of the segment located within the
sensor fixation device. Nevertheless, no arterial
opening occurs at the sensor fixation device 102
midpoint, and therefore the optical sensing system 104
does not produce a pulsatile signal.Fig. 2C depicts a
sensor fixation device 102 imparting a pressure below
arterial systolic pressure, such that the entire
artery segment 118 opens momentarily at systole. The
oscillations in pressure imparted against the sensor
fixation device 102 during an arterial pulse will be
even greater in amplitude. The arterial opening at the
location under the optical sensing system causes the
optical sensing system to register a pulsatile signal.
Fig. 3 depicts one implementation of a sensor fixation
device 102. The sensor fixation device can be an
inflatable cuff 120 having an inflatable bladder 122.
The inflatable cuff 120 can be adapted to be wrapped
around the upper arm of a subject to allow the optical
sensing system 104 to detect arterial pulses from the
brachial artery. The components of the optical sensing
system 104 can be packaged within an optical sensor
housing 200 located at the at the midpoint 134of the
cuff 120. The cuff 120 can include hook and loop
fasteners 132 (e.g., Velcro(r)) or other fastening
devices, which can be used to secure the cuff 120
around a limb of a subject. The cuff 120 can be
wrapped around a subject's limb and the bladder 122
inflated to impart a pressure on the limb. The bladder
122 can be connected to a pump 124 by a hose 116. The
bladder 122 can also be attached to a valve 126 which
can control the deflation of the bladder 122. The
pressure in the bladder 122 can be measured with a
pressure transducer 128. The 



pressure transducer 128 can be located in the bladder,
as shown, or can be pneumatically connected to the
bladder 122 (e.g., via the hose 116). The top portion
of fig. 4 depicts pressure pulses sensed in a sensor
fixation device 102 imparted by the series of arterial
pulses as the imparted pressure by the sensor fixation
device 102 is decreased from a pressure exceeding
systolic blood pressure of a subject to a pressure
below diastolic blood pressure of a subject. The
bottom portion of fig. 4 depicts pulses determined
from the optical sensing system 104 at the midpoint of
a sensor fixation device 102 as the pressure imparted
by the sensor fixation device 102 is decreased from a
pressure exceeding systolic blood pressure of a
subject to a pressure below diastolic blood pressure
of a subject. As shown, the optical sensing system 104
does not detect any pulses until the imparted pressure
is at or below systolic blood pressure. In some
implementations, this can allow for an accurate
determination of systolic blood pressure. Output
UnitDetected movements from the optical sensing system
104 can be transmitted via electrical wires 108 to a
display device 114. In some implementations, as shown
in fig. 3, electrical wires 108 can connect a pressure
transducer 128 to a display device 114. An output unit
106 (not shown in fig. 3) can be part of the display
unit 114, can be within the optical sensor housing
200, can be in another portion of the cuff assembly,
or can be remotely located and in communication with
the optical sensing system 104 via wireless
transmissions. In some implementations, the output
unit 106 can transmit vital sign measurements via
wireless transmission. In some implementations, the
optical sensing system 104 can transmit data regarding
the amount of light received by a optical detector to
an output unit 106 via wireless transmission. The
output unit 106 can comprise a processor to determine
the vital sign from signals from the optical sensing
system 104 with or without other data. In some
implementations, as shown in Fig. 1, the output unit
can include a display to depict the vital sign. In
some implementations, the output unit can include an
alarm system to produce a human detectable signal when
a vital sign measurement generated by the output unit
meets a predetermined criteria. For example, the
output unit can be adapted to create a visual or audio
alarm to alert a user that a detected vital sign is
outside of a predetermined range. The output unit 106
can perform a number of data processing steps,
calculations, or estimating functions, some of which
are discussed below. Optical Sensing System The
optical sensing system 104 can include an optical
source 202, an optical refractor 212, 214, or 216 and
an optical detector 240, all of which can be held by
the sensor fixation device 102 and move with movement
of the sensor fixation device 102. In some
implementations, the optical sensing system 104 can
act as a motion sensing system (e.g., a motion sensing
system adapted to detect localized motion associated
with an arterial pulse). The optical sensing system
104 can detect motion corresponding to an arterial
pulse when the sensor fixation device is placed
against the anatomical location of the subject. As
shown in figs. 5A, 5B, 5C, 6A, 6B, and 6C, an optical
sensing system 104 can be contained within an optical
sensor housing 200. In some implementations, the
optical sensing system 104 can include an optical
source 202 optically coupled to an optical refractor
212, 214, or 216, such that lightwaves travel from the
optical source 202 to the optical refractor 212, 214,
or 216. The optical source 202 can be a coherent light
source, for example a laser. In some implementations,
an LED can be used as the optical source 202. In some
implementations, the optical refractor can be an
optical waveguide 212, a diffuser 214, a mirror with
surface imperfections 216, or another refractive
material. The movement, bending, or compression of the
optical refractor 212, 214, or 216 can alter the path
taken by optical waves 218 traveling through the
optical waveguide 212, through the diffuser 214, or
refracting off of the mirror 216, thus causing the
amount of optical energy (e.g., light) received by the
optical detector 240 or 242 to change. Likewise, the
movement of the optical source 202 or the optical
detector 240 or 242 can result in changes to the
amount of optical energy (e.g., light) received by the
optical detector 240 or 242. By monitoring the changes
in the amount of received optical energy, an arterial
pulse can be characterized, which can be used to
determine a vital sign. For example, the 



amplitude of the pulse can be determined, or the
waveform shape of the pulse can be determined. In some
implementations, the optical detector 240 or 242 can
be a PIN diode photodetector, a CCD (Charge-Coupled
Device) detector, or a CMOS (Complementary
Metal-Oxide-Semiconductor) detector. In some
implementations, the optical sensing system 104 can
include one or more optical detectors 240 or 242. For
example, in some implementations, a series of optical
detectors can each receive optical energy refracted by
the optical refractor 212, 214, or 216. In some
implementations, an optical detector 242 can include a
plurality of optical detection regions. For example,
CCD and CMOS detectors can be configured to allow for
the detection of the amount of optical energy received
by a plurality of discrete detection regions or can be
configured to output a signal indicating the total
amount of optical energy received by the CCD or CMOS
detector. In some implementations, such as those
discussed below, the optical source 202 and the
optical refractor 212, 214, or 216 are arranged to
produce a speckle pattern. In some implementations,
the compression and/or bending of a compressible or
flexible optical waveguide can result in a change in
the total amount of light exiting the optical
waveguide or a change in a speckle pattern.Figs. 5A,
5B, 5C, 6A, 6B, and 6C show examples of miniaturized
optical sensor housings that can be placed against a
subject's skin to sense arterial pulses. The optical
sensor housing 200, as shown, includes a sensor pad
232, a spring 234 attached to the sensor pad 232, a
optical source 202, an optical refractor 212, 214, or
216, a optical detector 240 or 242, and wires 108 from
the optical detector 240. In some implementations, the
optical sensor housing 200 can also include additional
elements, such as a spatial optical occluder 222
(e.g., a pin hole aperture) between the optical
refractor 212, 214, or 216 and the optical detector
240 or 242, as depicted in fig. 5C. In some
implementations, the sensor housing 200 can have a
width of between 0.7 and 1.3 inches (e.g., about 1
inch), a length of between 1.5 and 2.2 inches (e.g.,
about 1.7 inches), and a thickness of between 0.3 and
0.9 inches (e.g., about 0.6 inches). As shown in figs.
5A, 5B, 5C, 6A, 6B, and 6C, a sensor pad 232 adapted
for placement against an anatomical location of a
subject can be attached to a spring 234. The sensor
pad 232 can extend out of the optical sensor housing
200 when in a relaxed state. For example, the sensor
pad 232 can extend out of the optical sensor housing
200 by at least 0.1 inch (e.g., between 0.1 and 0.3
inches). As shown, the sensor pad 232 extends out from
the sensor housing 200 by 0.161 inches. The sensor pad
232 can have any shape. The sensor pad 232 can have a
diameter of at least 0.3 inches, for example between
0.3 and 0.8 inches (e.g., about 0.6 inches). In some
implementations, for example as shown in fig. 6C, the
sensor pad 232 can be attached to the spring 234 by a
hinge 236 that allows for the back and forth motion of
the sensor pad 232. In some implementations, as shown
in fig. 6C, the sensor pad 232 can have an inclined
upper surface. The sensor pad 232 can be attached to
or otherwise positioned to cause the relative movement
of the optical source 202, the optical refractor 212,
214, or 216, any spatial optical occluder 222 if used,
the optical detector 240, or a combination thereof. As
shown in fig. 6C, the sensor pad 232 can include a
pressing portion 238 adapted to cause the bending,
compression, or movement of an optical waveguide 212.
In some embodiments, such as shown in fig. 5C, the
spring 234 can be attached to an optical source 202,
such that the modulation of the spring 234 causes the
movement of the optical source 202 while the optical
refractor 214 remains stationary. The spring 234
canhave a length of at least 0.6 inches, for example
between 0.6 inches and 1.8 inches (e.g., 1.1 inches).
Various other configurations can allow for the
modulation of the spring 234 to result in the relative
movement of the optical source 202 and the optical
refractor 212, 214, or 216. The sensor pad 232 can
also be positioned within a cutout 252. The spacing
between the cutout 252 and the sensor pad 232 can
impact the amount of movement of the sensor pad 232
allowed by the sensor housing 200 due to arterial
pulses. The spacing between the cutout 252 and the
sensor pad 232 can be about 0.1 inches. Wires 108 can
transmit data from the optical detector 240 or 242 to
an output unit 



106, as discussed above. In some implementations, the
output unit can be included within the optical sensor
housing 200 and wires 108 can transmit vital sign data
to devices outside of the housing 200. In some
implementations (not shown), the optical sensing
system 104 can transmit data from a housing 200 by
wireless transmission. Speckle Pattern Figs. 7A, 7B,
8A, and 8B depict the basic principle of speckle
pattern modulation. A optical source 202 can be
optically coupled to an optical refractor 212, 214, or
216, such that optical waves 218 travels from the
optical source 202 to the optical refractor 212, 214,
or 216. The optical source 202 can provide coherent
light. The optical source 202, such as a laser, can be
used to illuminate the optical refractor 212, 214, or
216 to create a "speckle pattern" 260, so-called
because the optical effect is the appearance of
speckles 262 in the far field illumination. For
example, the optical refractor can be optical
waveguide 212, a diffuser 214, a mirror with surface
imperfections 216 (e.g., as shown in figs. 9C and
10C), or another refractive material capable of
forming a speckle pattern 260. The refraction can
cause spatial variations in the transmitted optical
waves 218 which appear as regions of darkness in a
background of light. These dark regions, or speckles
262, can be of characteristic, but random, shape and
size, determined by the refractive characteristics of
the optical refractor 212, 214, or 216. The optical
waves 218 (only a few of which are illustrated)
illuminating the optical refractor 212, 214, or 216
can constructively interfere to form a speckle pattern
260 of a series of speckles 262. The relative
movement, bending, or compression of the optical
refractor 212, 214, or 216 relative to the optical
source 202 alters the path taken by the optical waves
218 travelingthrough the optical refractor 212 or 210
or refracting off of the refractor 310, thus causing
the speckle pattern 260 to change. For example, as an
optical refractor 212, 214, or 216 is moved relative
to the optical source 202, the speckle pattern 260 can
seem to twinkle or, in some cases, can seem to rotate.
Although the total light traveling through the optical
refractor 212 or 210 or refracting off of the mirror
216 can remain relatively constant, by monitoring a
select detected portion, e.g., 264, of the speckle
pattern, changes in the amount of optical energy
(e.g., light) in a detected portion 264 if the speckle
pattern 260 can be observed. By monitoring the changes
in the amount of light in the detected portion, e.g.,
264, the amount of and/or speed of relative movement,
bending, or compression can be determined. The
detected portion, e.g., 264, can be limited by
restricting the portion of the formed speckle pattern
260 allowed to be received by the optical detector 240
or 242. Restricting the portion of the speckle pattern
260 received by a optical detector 240 can be achieved
in a number of ways. For example, as shown in Figs.
9A, 9B, and 9C, a spatial optical occluder 222, such
as a blocking structure having an optical aperture
formed therein (e.g., a pin hole aperture), can be
positioned between the optical refractor 212, 214, or
216 and an optical detector 240. In some
implementations, the detected portion 264 of the
speckle pattern 260 can be restricted by using an
optical detector 240 having a smaller optical energy
receiving area than the area of produced speckle
pattern 260. The optical detector 240 or 242, and any
intermediate spatial optical occluder 222 used, can be
placed adjacent to the optical refractor 212 or 214 to
ensure that the optical detector 240 or 242 only
receives light from speckles within a predetermined
detected portion, e.g., 264. When using a mirror with
surface imperfections 216 as the optical refractor,
the spacing of the optical detector 240 and any
intermediate spatial optical occluder used, will
determine the size of the detected portion 264 and of
the produced speckle pattern 260. The optical source
202 can be a coherent light source, for example a
laser. The optical refractor can be an optical
waveguide 212, a diffuser 214, or a mirror having
surface imperfections 216, or another refractive
material capable of forming a speckle pattern 260. In
some implementations, a device can use a combination
ofmultiple and/or different optical elements. For
example, an optical waveguide 212 can by used to guide
light waves 218 to a diffuser 214. An optical
waveguide 212 can be an optical fiber or any liquid,
gel, or solid that transmits light waves by internal
reflection or refraction. In some implementations, the
optical waveguide 212 can transmit almost 100% of the
light by providing almost total internal refraction.
For example, an optical waveguide 212 can include an
optical 



material with relatively high index of refraction
(nh), surrounded by a material with lower index of
refraction (ni). In such optical waveguides 212, light
is lost only when the light wave reaches the interface
between the two materials at an angle less than the
critical angle (qc) . The critical angle (qc) can be
calculated by the following equation. qc = arcsin
(ni/nh) In some implementations, the surrounding
material with a lower refractive index can be air. In
some implementations, waveguides can also be in the
form of a hollow tube with a highly reflective inner
surface. The inner surfaces can be polished metal. In
some implementations, such as that shown in figs. 7A
and 7B, an optical waveguide 212 causes the internal
reflection of optical waves 218 within the core of the
optical waveguide 212. As the optical waveguide 212 is
moved or bent, the path for each light wave 115 is
altered, resulting in changes in a resulting speckle
pattern. In some implementations, the optical
waveguide 212 can be a flexible waveguide. In some
implementations, the optical waveguide 212 can be a
compressible waveguide. A diffuser 214 can be any
device comprised of refractive material that diffuses,
spreads out, or scatters light in some manner, such as
any semitransparent liquids, gels, or solids; airborne
particles; or and skin or other tissue. For example, a
diffuser 214 can include polyoxymethylene (POM) (e.g.,
Delrin(r) acetal resin), white fluoropolymer (e.g.,
Teflon(r) fluoropolymer), Polyamide (PA) (Nylon(r)),
or ground or grayed glass. In some implementations,
the diffuser material can have low optical absorption
at the laser wavelength, and can have refractive
properties that produce sufficient light scattering
over a short path length to insure that a speckle
pattern is generated on the surfaceopposite the laser
with suitable speckle size and uniformity For example,
the diffuser can include a piece of polyoxymethylene
(Delrin (r) acetal resin) having a thickness of
between 0.2 mm and 1mm (e.g., between 0.4 and 0.6 mm),
such that the optical intensity is not overly
diminished on the exit side but sufficiently thick to
effect the requisite light scattering needed to create
the speckle pattern 260. In some implementations, such
as that shown in figs. 8A and 8B, a diffuser 214
causes the refraction of light waves within the body
of the diffuser 214. The refraction of light waves
within the diffuser can be caused by variations in
refractive index within the diffuser 214 which result
in random photon scattering. As the diffuser 214 is
moved, the areas of the diffuser which cause the
refraction of the light waves are also moved causing
the optical waves 218 to refract differently within
the diffuser 214, resulting in changes in a resulting
speckle pattern 260. In some implementation, such as
shown in figs. 9C and 1OC, the optical element can
also be a mirror with surface imperfections 216. The
imperfections in the mirror can result in light waves
impacting the imperfections to reflect at different
angles. The reflection of light off of the mirror with
imperfections 216 also can result in an optical
pattern 260. The relative movement of the mirror 216
in respect to the optical source 202 similarly results
in changes to the optical pattern 260. In some
implementations, the characteristic size and number of
individual speckles 262 can be controlled. For
example, the characteristic size and number of
individual speckles 262 can be controlled with an
optical waveguide 212 having optimal diameter and
refractive characteristics for the desired speckle 125
features. Illustrated in fig. 1IA and 1IB are the
speckle patterns 260 from a laser 202 whose beam is
passed through different optical fibers. In fig. 1IA,
a speckle pattern with relatively few, large speckles
262 is shown, which is formed from an optical
waveguide 212 having a small diameter and small index
of refraction gradient. In contrast, the speckle
pattern 260 shown in fig. 1IB with relatively many,
small speckles 262 is formed with an optical waveguide
212 that permits much more optical interference
because of a larger diameter and larger index of
refraction gradient, resulting in a speckle pattern
260 with relatively many, small speckles
262.Similarly, fig. 11C is a magnification of a
speckle pattern 260 formed by passing coherent light
through a diffuser 214. The bar in the upper right
side of the figure indicates the size of the
magnification. In some implementations, the average
speckle size of the sampled portion of a speckle
pattern 260 can be at least 10 microns (for example,
between 25 and 100 microns). 



Sensitivity to the relative movement, bending, or
compression of the optical source and the optical
refractor 212, 214, or 216 can be optimized by
properly sizing the detected portion 264 and fixing
the separation of the optical refractor 212, 214, or
216, the optical detector 240, and any intervening
spatial optical occluder 222 if used. The detected
portion 264 can be sized in relation to the average
speckle size so as to optimize the amplitude of
fluctuations in the electrical output of the optical
detector 240, which correspond to the modulation of
the speckle pattern 260 that is caused by relative
movement, bending, or compression of the optical
refractor 212, 214, or 216, the optical source 202, or
the optical detector 240 or 242. For example, by
sizing an aperture of a spatial optical occluder 222
to collect only a small number of speckles, such as
less than one percent of the speckle pattern 260 area,
and employing suitable signal processing to the
time-varying optical detector output, the time
derivative of the pulse signal can be measured to
allow a calculation of a vital sign. In some
implementations, the optical energy receiving portion
of the optical detector 240 can also have a smaller
area than the area of the produced speckle pattern
260. In some implementations, the detected portion 264
of the speckle pattern 260 can be less than one
hundred times the average speckle size, for example,
between 1 and 25 times the average speckle size. In
some implementations, the optical detector 240 can
receive up to an average of 50 speckles, for example
between 1 and 5 speckles. For example, a pin hole
aperture having a 125 micron diameter can be used to
restrict the detected portion 264 of the speckle
pattern 260 received by a optical detector 240 or 242.
Analytical Methods The optical detector 240 or 242 of
an optical sensing system 104 can generate an
electrical signal 420 indicating the amount of light
received. The electrical signal 420 can be a function
of time. The electrical optical detector signal 420 is
analyzed todetermine the rate of modulation of the
speckle pattern 260. For example, fig. 12 depicts a
possible electrical signal 420 indicating the
modulation in an amount of optical energy received by
an optical detector 240 or 242. As shown in fig. 12,
the amount of light received by the optical detector
240 can oscillate. The oscillation frequency of
optical energy received by the optical detector 240 or
242 can be generally understood as the inverse of the
amount of time in which a characteristic change occurs
in the number or brightness of speckles within the
predetermined detected portion, e.g., 264, which is
received by the optical detector 240 or 242. A
characteristic change occurring in the number of
brightness of speckles can be generally scaled to
represent a characteristic relative movement, bending,
or compression of the optical source and the optical
refractor. By monitoring the rate of oscillation of
the amount of light received by the optical detector
240, the amplitude and/or magnitude of an arterial
pulse can be determined. In some implementations, the
average amount of light received by the optical
detector 240 can vary over time in response to the
positioning of the light source relative to the
optical refractor 212, 214, or 216 and the amount of
light received by the optical detector 240 can
oscillate about that average amount of light received
due to the relative movement of the optical source and
the optical refractor. In some implementations, this
low frequency variation in the amount of light
received can be filtered out of the received signal.
In some implementations, high frequency "noise" can
also be filtered out. In some implementations, high
and/or low frequency variations in the amount of light
received by an optical detector can be filtered out of
the signal from an optical detector 240 or 242 prior
to determining a vital sign from the data. In some
implementations, the filtering of the signal can be
performed by an optical waveform pref lter 432. The
output unit 106 can determine the amplitude and/or
magnitude of each arterial pulse to determine one or
more vital signs. In some implementations, the
amplitudes and/or magnitudes for a series of arterial
pulses can be determined to determine one or more
vital signs. For example, to determine the amplitude
and/or magnitude of an arterial pulse from the
oscillations of the amount of light received by the
optical detector 240, a differentiating electrical
circuit can be applied to an opticaldetector 240
output to produce a signal proportional to its time
derivative, dE/dt. This time-derivative signal can
increase in proportion to the frequency content of the
optical 



detector electrical signal, which is proportional to
the rate of modulation of the speckle pattern. Each
arterial pulse (corresponding to a cardiac cycle),
can, for example, characteristically exhibit a
pressure increase, followed by a pressure decrease,
and then a quiescent period before the start of the
next pulse. The pressure increase can cause the
optical source 202 to move or the optical refractor
212, 214, or 216 to move, bend, or compress such that
the speckle pattern 260 modulates, the modulation rate
will increase at the start of the pulse and decrease
to zero at the time of maximum pulse pressure (i.e.,
where the pulse wave stops rising, and is about to
begin its decline). As the pressure decreases, an
opposite movement of the waveguide will occur, again
modulating the speckle pattern such that its
modulation rate increases after the maximum pulse
pressure and decreases to zero when the arterial pulse
has ended. Fig. 12 depicts an example of a optical
detector electrical signal created by an arterial
pulse. The signal dE/dt will therefore start at zero,
then increase to a maximum, then decrease to zero,
then increase again, and finally decrease to zero, all
during the course of one arterial pulse. The pulse
amplitude can be, as a first approximation,
proportional to the maximum speckle pattern modulation
rate, which in turn can be calculated from the maximum
value of dE/dt, based on the relationship between a
sinusoidal function and its derivative, i.e.: dE/dt =
d/dt [sin(wt)] = w-cos (wt), whose maximum amplitude
is proportional to the maximum modulation rate during
the arterial pulse cycle, or wmax. The signal dE/dt
can be analyzed with a real-time spectrum analyzer,
such as a digital signal processor (DSP), to determine
the maximum frequency during the arterial pulse cycle.
The maximum frequency, wmax, occurs at the maximum of
dE/dt, and in the same way scales with the pulse
amplitude. The highest dominant frequency, wmax can be
used for analysis or, if a range of frequencies is
present, the first, second, or other moment of the
frequency spectrum can be used.The optical detector
240 output can also be AC coupled and fed into a
zerocrossing detector, which provides a count of the
number of zero crossing events per unit time (a
"zero-crossing rate") and a total count of
zero-crossing events during one arterial pulse (the
"zero-crossing count"). By properly limiting the size
of the detected portion 264, the instantaneous
zero-crossing rate is easily shown to be proportional
to the rate of modulation of the speckle pattern 260.
An algorithm can be applied to detect the rise of the
zero-crossing rate above zero, and then to count the
number of zero crossings until the zero-crossing rate
returns to zero. A threshold slightly above zero can
be used, instead of a true zero-crossing rate, to
account for system "noise." Alternatively, high
frequency noise can be filtered out of a signal from
the optical detector 240 or 242. The count can be
repeated after the zero-crossing rate again rises
above zero until its return to zero. This cycle,
including two zero-crossing counts, is taken to
correspond to one arterial pulse. The two counts,
averaged together, can be proportional to the
amplitude of the waveguide oscillatory movement in
connection with the arterial pulse, and therefore can
also be proportional to the arterial pulse amplitude.
An algorithm can be applied to the zero-crossing rate
that measures the time at which this rate remains at
zero between non zero episodes. In a sequence of
arterial pulses, a relatively longer time can occur
between the end of one arterial pulse and the onset of
the next one. A relatively shorter time can occur at
the maximum pulse pressure, where the pressure stops
rising and begins to decrease, in which the
zero-crossing rate can be zero momentarily. In some
implementations, the signal dE/dt can be passed
through an integrating circuit and integrated over the
time from its rise above zero until its return to
zero. This time corresponds to the half cycle of the
arterial pulse, which can be determined by separately
measuring a time-averaged value of dE/dt to determine
when it departs from and returns to zero. The
resulting integration can be proportional to the
amplitude of the waveguide oscillatory movement, and
therefore can also be proportional to the arterial
pulse amplitude. This integration of the first
derivative of a subject's position over a specified
time period can yield a result proportional to the
change in position during the specified time period.
In some implementation, as shown in figs. 1OA, 1OB,
and 1OC, a plurality of optical detection regions 244
can be used. These optical detection regions 244 can
bepart of an optical detector 242 that contains a
number of discrete optical detection regions 



244. For example, optical detector 242 can be a CCD
(Charge-Coupled Device) or CMOS (Complementary
Metal-Oxide-Semiconductor) detector. Each optical
detection region 244 can be configured to only receive
a restricted portion of a speckle pattern 260, for
example, as shown in figs 1OA, 1OB, and 1OC. Using a
plurality of optical detection regions 244 one can
obtain data that more reliably represents the relative
amplitudes of a series of pulse pressure waveforms. In
some implementations, the output from a plurality of
optical detection regions 244 can each be AC coupled
and fed into a zerocrossing detector. The electrical
signals 420 corresponding to the different optical
detection regions 244, as shown, for example, in fig.
13, can be compared at the end of each arterial pulse
or at the end of each blood pressure measurement cycle
to determine which has the highest signal quality. The
quality of an electrical signal 420 can also be
determined by detecting a zero-crossing count for each
signal. For example, the electrical signal 420 with
the highest count may be considered to have the
highest signal quality. The different zero-crossing
counts for each of the different detectors (or a
subset of different detectors) can also be averaged
for each arterial pulse to produce a more reliable
estimate of the pulse amplitude. In some
implementations, the output from a plurality of
optical detectors can each be coupled to a
differentiating circuit to measure dE/dt. The
different values of dE/dt corresponding to the
different detectors can be compared at the end of each
arterial pulse or at the end of each blood pressure
measurement cycle to determine which has the highest
signal quality. For example, the one with the highest
value of dE/dt max may be considered to have the
highest signal quality. The plurality of different
values of dE/dt corresponding to the different
detectors (or a subset of different detectors) can
also be averaged for each arterial pulse to produce a
more reliable estimate of the pulse amplitude. In some
implementations, a CCD (Charge-Coupled Device) or CMOS
(Complementary Metal-Oxide-Semiconductor) detector can
be used as either a single optical detector 240 or as
a plurality of optical detection regions 244. A
typical CCD or CMOS detector can have over 1 million
pixels, and those in consumer grade digital cameras
may have up to 8 million or more pixels in a 1-2 cm
rectangular sensor. Eachpixel, or separately
addressable sensing region, may function as a separate
optical detection region 244. "Binning" can also be
used to effectively enlarge the detector sensing areas
by combining the outputs of an NxM group of pixels
(e.g., 2x2, 2x3, 3x3, etc). In some implementations,
the size of the detected portion 264 for each optical
detection region 244 can be dynamically adjusted by
"binning." For example, during the life of a sensor
the optical characteristics of the optical refractor
212, 214, or 216 can change and the size of the
"binned" group of pixels can be dynamically adjusted
during the life of the optical sensing system 104 to
re-optimize the size of the detected portion 264. In
some implementations, each group of pixels acting as a
optical detection region 244 can have the same or
different sizes, which can be optimized depending upon
the portion of the speckle pattern 260 received by
that group of pixels. The use of a CCD or CMOS optical
detector 240 or 242 can allow for a device without an
optical aperture placed between the optical element
and the CCD or CMOS optical detectors because the
small size (typically 2-5 microns across) of CCD and
CMOS pixels result in an automatic restriction in the
area of the detected portion 264 of the speckle
pattern 260. In some implementations, the plurality of
CCD or CMOS detectors can be in a IxN array of either
individual pixels or binned combinations of pixels.
For example, figs. 1OA, 1OB, and 1OC depict a 1x8
array and fig. 13 depicts a 1x4 array. Furthermore, as
shown in fig. 13, digital signal processing can be
performed on each of the N separate digital outputs
420. Each digital output 420 can contain information
on the modulation of the optical pattern in a
different detected portion 264 of the speckle pattern
260 observed by each optical detection region 244.
Each digital signal processing analysis can provide a
real-time assessment of the modulation rate (analogous
to dE/dt) in one of the detection regions, and can be
used to determine the maximum modulation rate during
each arterial pulse. The N measurements can be
averaged for each arterial pulse to produce a more
reliable estimate of the pulse amplitudes and of the
pulse amplitude envelope. 



In implementations using a CCD or CMOS optical
detector 240 or 242 (either as a single optical
detector or as a plurality of detectors), an average
optical detector output level can be set and defined
as a "threshold". The individual detector signals can
be measured sufficiently often (typically 100-2000
times per second) to resolve the specklepattern
modulation. The actual data rate can be dependent on
the characteristic speckle size relative to the
detector area(s) and the rate of movement of the
optical element in relation to the light source. Each
threshold crossing, defined as an occurrence where the
difference between a detector output measurement and
the threshold is opposite in polarity from that of the
subsequent detector measurement and the threshold, can
correspond to a "zero-crossing". The threshold
crossings can be counted and analyzed in a manner
equivalent to the zero-crossing counts described
above. In some implementation, a digital signal
processor (DSP) can be used to analyze the output from
one or more optical detectors 240 or 244. Various
digital signal processing analysis methods can be
applied to determine the modulation rates, including,
but not limited to, Fast Fourier Transforms (FFT),
autocorrelations, and threshold crossings of the
digital CCD or CMOS outputs. In FFT analysis, a signal
can be analyzed to determine a mean frequency by the
following algorithm: <w> = J w-G(w)dw, where w is the
angular frequency, G(w) is the power spectrum, and
J(w)dw is normalized to a value of 1. G(w) is
determined by the well known convolution: G(w) = [J
g(t)-exp(-jwt)dt]2, where g(t) is the time varying
signal, or optical detector output E in this case.
During each arterial pulse, the value of <w> can rise
and fall in proportion to the signal dE/dt described
earlier. Therefore a value of <w>max can indicate the
maximum modulation rate within a given arterial pulse
cycle, and can be scaled and used to generate a pulse
amplitude envelope for use in determining the
systolic, diastolic, and mean arterial pressures. In
some implementations, an autocorrelation method can be
used in order to determine the pulse amplitudes and
pulse amplitude envelope. In autocorrelation, the
signal can be self-correlated according to the
relationship: <G(t)> = J g(t)-g(t-t)dt,where G(t) is
the autocorrelation function at time delay = t, and
g(t) is the time varying signal. The value of G(O) is
equal to the mean square of the signal amplitude. The
frequency spectrum is simply a convolution of the
autocorrelation function, such that: G(w) = (l/2 p) J
G(t)-exp(-jwt)dt. The determination of the mean
frequency of a time varying signal using an
autocorrelation method has been described previously
and is not presented in further detail here. This
calculation of G(w) is used to calculate the mean
frequency according to the same formula as in FFT
analysis: <w> = J w-G(w)dw In some implementations,
the maximum value of dE/dt can be calculated for each
arterial pulse during a time interval when the
pressure in the blood pressure cuff is steadily
decreased from a level above systolic pressure where
the arterial pulse is absent. The onset of each pulse
is detected during the time interval by measuring and
recording the periodic increase of dE/dt. For each
pulse, the maximum value of dE/dt (dE/dtmax) can be
recorded as a dimensionless number, and the cuff
pressure can also recorded so as to allow for the
creation of an envelope of pulse amplitudes in which
the ordinate of the chart is dE/dtmax instead of
oscillation amplitude in mmHg. An algorithm can be
applied to this envelope to determine the systolic,
diastolic, pulse, and/or mean arterial pressures. In
some implementations, the zero-crossing count of the
AC coupled optical detector output can be tallied for
each arterial pulse during a time interval when the
pressure in an inflatable cuff 120 is steadily
decreased from a level above systolic pressure where
the arterial pulse is absent. A series of arterial
pulses can be detected during the time interval, and
for each pulse the zero-crossing count can be measured
and recorded. For each pulse, the count (or average of
the two counts corresponding to the rise and fall of
the arterial pulse) can be recorded, and the cuff
pressure can also be 



recorded so as to allow for the creation of an
envelope of pulse amplitudes in which the ordinate of
the chart is the zero-crossing count instead of
oscillation amplitude in mmHg. An algorithm can be
applied to this envelope to determine the systolic,
diastolic, pulse and/or mean arterial pressures.In
some implementations, the time interval between pulses
can be measured during a series of detected arterial
pulses and used to determine heart rate. In some
implementations, as the cuff pressure is decreased,
the systolic pressure can be determined to be an
inflatable cuff 120 pressure at which the first
evidence of modulation of the speckle pattern occurs
(i.e., the rise of the zero-crossing rate above zero,
or the first appearance of a non-zero value for
dE/dt). In some implementations, the diastolic
pressure can be determined to be an inflatable cuff
120 pressure at which a predetermined characteristic
of the modulation of the speckle pattern occurs. For
example, the last detected arterial pulse, where the
zero-crossing rate last has a non-zero value, or where
the last non-zero value for dE/dt occurs and after
which dE/dt remains at zero while the cuff pressure is
further decreased, may be taken as the diastolic
pressure. Or the appearance of the first arterial
pulse in a sequence of declining arterial pulses where
the value of dE/dtmax is 50% of the maximum value of
dE/dtmax (i.e., the highest point on the envelope of
pulse amplitudes). In some implementations, the mean
arterial pressure can be determined to be an
inflatable cuff 120 pressure corresponding to the
arterial pulse event at which the maximum
zero-crossing count or the maximum value of dE/dtmax
occurs (i.e., the highest point on the envelope of
pulse amplitudes). In some implementations, the
systolic pressure can be calculated to be at some
pressure below the cuff pressure at which the first
evidence of modulation of the speckle pattern occurs
during cuff deflation, based on an empirically
determined algorithm that calculates the contribution
of some amount of artifact in the arterial pulses
acting against the optical sensing system 104,
together with other artifact related to the electrical
noise and to the modulation of the speckle pattern. In
some implementations, the diastolic pressure can be
calculated as some pressure above the cuff pressure at
which a predetermined characteristic of modulation of
the speckle pattern occurs, based on a corresponding
algorithm that calculates the contribution of artifact
from the arterial pulses acting against the optical
sensing system 104, and other artifact. In some
implementations, a baseline measurement of blood
pressure measurement is determined (the "Baseline")
and subsequent blood pressure measurements are
estimated based upon a continuous monitoring of a
vital sign. For example, the baselineblood pressure
reading can be obtained using the relative pulse
amplitudes of a series of pulses obtained by
measurement of dE/dtmax or the zero-crossing count as
described above, and using either one optical detector
240, a plurality of optical detection regions 244, a
CCD sensor array, or a CMOS sensor array. Then the
sensor fixation device 102 can then be adjusted to a
pressure level with a known (by virtue of said
measurement of blood pressure already performed) pulse
amplitude (the "Reference Amplitude"), and the
arterial pulse amplitude can be measured continuously
and compared to the reference amplitude. Any
subsequent pulse amplitude measurement that differs
from the reference amplitude can be used, with a
suitable algorithm, to quantitatively measure blood
pressure changes relative to the baseline. In this
embodiment, the method's primary purpose is continuous
or periodic monitoring of blood pressure changes
relative to a Baseline value. In some implementations,
the Baseline blood pressure measurement can be
determined by other standard methods, such as the
auscultatory method. In some implementations, a pulse
waveform morphology can be determined by measuring the
time-varying value of dE/dt. The morphology of the
pulse waveform can be represented by the curve of
dE/dt versus time over the course of an arterial
pulse. Alternatively the time varying zero-crossing
rate may be used, or the threshold-crossing rate in a
digital CCD or CMOS detection system. In some
implementations, such as shown in figs. 14A, 14B, and
14C, the output unit 106 can determine a vital sign by
one or more of the above described techniques. For
example, the output unit 106 can determine an
amplitude, a magnitude and/or a waveform of one or
more arterial pulses in a waveform generator 436. In
some implementations, the output unit 106 can include
a systolic pressure waveform detector to 



determine a systolic pressure for a subject based upon
a determined amplitude, magnitude and/or waveform and
a pressure applied to the subject, which can be
detected (e.g., a pressure detected in an inflatable
cuff by a pressure sensor). In some implementations,
the output unit 106 can include a diastolic pressure
calculator to determine a diastolic pressure for a
subject based upon a determined amplitude, magnitude
and/or waveform and a pressure applied to the subject,
which can be detected (e.g., a pressure detected in an
inflatable cuff by a pressure sensor 128). In some
implementation, a heart rate calculator 446 can
determine a heart rate from either a determined
arterial pulsewaveform from the optical signal or from
pressures detected in an inflatable cuff by a pressure
sensor 128. In some implementations, the output unit
106 can include a pulse wave timing detector 434,
which can ensure that each arterial pulse detected by
the optical sensing system 104 corresponds to a pulse
detected by an inflatable cuff pressure sensor 128. In
some implementations, the pulse wave timing detector
434 provides data to the waveform generators 436 to
ensure that each waveform generator 436 determines a
waveform consistent with pulses detected by an
inflatable cuff pressure sensor 128. In some
implementations, such as shown in figs. 14C, , the
output unit 106 can determine an amplitude, a
magnitude and/or a waveform of one or more arterial
pulses for each optical detection region 244 in a
series of waveform generators 436. In some
implementations, the output unit 106 can include a
waveform comparator 438 to compare the plurality of
amplitudes, magnitudes, and/or waveforms. The waveform
comparator 438 can select the better optical detection
regions 244, average the signals from two or more of
the optical detection regions, or otherwise compute a
single amplitude, magnitude, and/or waveform based on
the data from the plurality of optical detection
regions 244. In some implementation, a heart rate
calculator 446 can determine a heart rate from either
a single waveform from the waveform comparator 438
from the optical signal or from pressures detected in
an inflatable cuff by a pressure sensor 128. A number
of implementations have been described. Nevertheless,
it will be understood that various modifications can
be made without departing from the spirit and scope of
the invention. Accordingly, other implementations are
within the scope of the following claims.WHAT IS
CLAIMED IS: 1. A vital sign measurement device
comprising: a sensor fixation device adapted to be
placed against an anatomical location of a subject,
within which is an artery; an optical sensing system
comprising an optical source, an optical refractor,
and an optical detector, all of which are held by the
sensor fixation device and move with movement of the
sensor fixation device, the optical sensing system
positioned with respect to the sensor fixation device
to sense movement corresponding to an arterial pulse
when the sensor fixation device is placed against the
anatomical location of the subject, the optical
sensing system sensing an arterial pulse from the
movement, bending, or compression of at least one
portion of the optical sensing system relative to
other portions of the optical sensing system resulting
in a change in an optical signal received by the
optical detector; and an output unit that receives,
from the optical sensing system, an input indicative
of movement corresponding to an arterial pulse and
that generates, using the input, a measure of the
vital sign. 2. The vital sign measurement device of
claim 1, wherein the sensor fixation device is an
inflatable cuff. 3. The vital sign measurement device
of claim 1, further comprising a pressure sensor to
detect a pressure applied to the anatomical location,
wherein the output unit receives, from the pressure
sensor, a pressure input indicative of the pressure
applied to the anatomical location, wherein the output
unit generates the vital sign using the input from the
optical sensing system and the pressure input. 4. The
vital sign measurement device of claim 1, wherein the
anatomical location of the subject the body is an
upper arm, and the sensor fixation device is
configured so that the optical sensing system is
positionable to sense movement due to a pulse of a
brachial artery.5. The vital sign measurement device
of claim 1, wherein the anatomical location of the
subject is a wrist, and the sensor fixation device is
configured so that the optical 



sensing system is positionable to sense movement due
to a pulse of a radial artery. 6. The vital sign
measurement device of claim 1, wherein the anatomical
location of the subject is an ankle, and the sensor
fixation device is configured so that the optical
sensing system is positionable to sense movement due
to a pulse of one or more arteries in the ankle. 7.
The vital sign measurement device of claim 1, wherein
the optical refractor is a compressible waveguide. 8.
The vital sign measurement device of claim 1, wherein
the optical refractor is a flexible waveguide. 9. The
vital sign measurement device of claim 1, wherein the
optical refractor is a diffuser. 10. The vital sign
measurement device of claim 1, wherein the optical
source and the optical refractor are configured to
produce a speckle pattern output. 11. The vital sign
measurement device of claim 10, wherein the optical
detector is positioned to detect a portion of the
speckle pattern output and generate therefrom a signal
indicative of optical energy received within the
detected portion of the speckle pattern output. 12.
The vital sign measurement device of claim 11, wherein
the optical sensor further comprises a spatial optical
occluder component that prevents the optical detector
from receiving a portion of the speckle pattern
output.13. The vital sign measurement device of claim
11, wherein the optical detector comprises an optical
energy receiving portion having a smaller surface area
than the speckle pattern output. 14. The vital sign
measurement device of claim 13, wherein the surface
area of the optical energy receiving portion is less
than 100 times an average speckle size. 15. The vital
sign measurement device of claim 1, wherein the
optical source is a coherent light source. 16. The
vital sign measurement device of claim 1, wherein the
vital sign is at least one of a heart rate, an
arterial pulse waveform, a systolic blood pressure, a
diastolic blood pressure, a mean arterial blood
pressure, a pulse pressure, and an arterial
compliance. 17. The vital sign measurement device of
claim 1, wherein the output unit generates a measure
of the vital sign using a signal indicative of the
optical signal received by the optical detector. 18.
The vital sign measurement device of claim 1, further
comprising a display to depict a vital sign
measurement generated by the output unit. 19. The
vital sign measurement device of claim 1, further
comprising an alarm system to produce a human
detectable signal when a vital sign measurement
generated by the output unit meets a predetermined
criteria. 20. The vital sign measurement device of
claim 1, further comprising a spring attached to at
least a portion of the optical sensing system to
counter a force from the arterial pulse and to return
the optical sensing system to an initial state after
the arterial pulse.21. The vital sign measurement
device of claim 1, further comprising a pressure
imparting device adapted to be placed against a second
anatomical location of a subject proximal to the
anatomical location of the sensor fixation device to
allow for arterial pulse detection by the optical
sensing system at a position distal to and separated
from the pressure imparting device. 22. The vital sign
measurement device of claim 1, wherein the optical
sensing system and the output unit are adapted to
sense a pulse amplitude of the arterial pulse from the
movement, bending, or compression of at least one
portion of the optical sensing system relative to
other portions of the optical sensing system resulting
in a change in the optical signal received by the
optical detector. 23. The vital sign measurement
device of claim 22, wherein the optical sensing system
is configured to detect optical signals representative
of a series of arterial pulses and the output unit is
adapted to determine a pulse waveform for each of the
series of arterial pulses. 24. A method of measuring a
vital sign of a subject, the method comprising:
placing a sensor fixation device against an anatomical
location of a 



subject, within which is an artery, the sensor
fixation device holding an optical sensing system
comprising an optical source, an optical refractor and
an optical detector, all of which are held by the
sensor fixation device and move with movement of the
sensor fixation device; sensing movement corresponding
to an arterial pulse by operating the optical sensing
system, the arterial pulse resulting in the movement,
bending, or compression of at least one portion of the
optical sensing system relative to other portions of
the optical sensing system resulting in a change in a
optical signal received by the optical detector; and
generating a measure of the vital sign using an input
indicative of the changes in the amount of optical
energy received by the optical detector.25. The method
of claim 24, the method further comprising: applying a
pressure to the anatomical location of the subject
with the sensor fixation device. 26. The method of
claim 25, the method further comprising: reducing the
pressure applied to the anatomical location with the
sensor fixation device over the period of time;
determining a series of pulse characteristics for
arterial pulses during the period of time from changes
in the optical signal received by the optical detector
over the period of time, wherein the generated measure
of the vital sign is based on the series of pulse
characteristics during the period of time. 27. The
method of claim 25, further comprising obtain a
measured blood pressure measurement; obtaining an
initial pulse characteristic, at an initial time, and
a subsequent pulse characteristic, at a subsequent
time, using an input indicative of the sensed movement
from the optical sensing system, wherein the measured
blood pressure measurement was obtained at a
measurement time closer to the initial time than to
the subsequent time, wherein the generated measurement
of the vital sign is based on the measured blood
pressure measurement, the initial pulse
characteristic, and the subsequent pulse
characteristic. 28. The method of claim 24, wherein
the optical source and the optical refractor are
configured to produce a speckle pattern output that
changes in response to relative movement of optical
source and the optical refractor. 29. The method of
claim 24, wherein the vital sign is at least one of a
heart rate, an arterial pulse waveform, a systolic
blood pressure, a diastolic blood pressure, a mean
arterial blood pressure, a pulse pressure, and an
arterial compliance.30. The method of claim 24,
wherein generating the measure of the vital sign using
the input indicative of the sensed movement comprises
determining a pulse amplitude from changes in the
amount of optical energy received by the optical
detector. 31. A vital sign measurement device
comprising: a sensor fixation device adapted to be
placed against an anatomical location of a subject,
within which is an artery; an optical sensing system
comprising an optical source device and an optical
detector, both of which are held by the sensor
fixation device and move with movement of the sensor
fixation device, the optical source device configured
to produce a speckle pattern output, the optical
detector positioned to detect at least a portion of
the speckle pattern output and generate therefrom the
detected portion of the speckle pattern output, the
optical sensing system sensing an arterial pulse from
the movement, bending, or compression of at least one
portion of the optical sensing system relative to
other portions of the optical sensing system resulting
in a change in the optical signal received within the
detected portion of the speckle pattern output; and an
output unit that generates a measure of the vital sign
using a signal indicative of the optical signal
received within the detected portion of the speckle
pattern output. 32. The vital sign measurement device
of claim 31, wherein the sensor fixation device is an
inflatable cuff. 33. The vital sign measurement device
of claim 31, further comprising a pressure 



sensor to detect a pressure applied to the anatomical
location, wherein the output unit receives, from the
pressure sensor, a pressure input indicative of the
pressure applied to the anatomical location, wherein
the output unit generates the vital sign using the
signal indicative of the optical signal received
within the detected portion of the speckle pattern
output and the pressure input.34. The vital sign
measurement device of claim 31, wherein the anatomical
location of the subject is an upper arm, and the
sensor fixation device is configured so that the
optical sensing system is positionable to sense
movement due to a pulse of a brachial artery. 35. The
vital sign measurement device of claim 31, wherein the
optical source device comprises an optical source and
a diffuser that diffuses an optical signal produced by
the optical source to produce the speckle pattern
output. 36. The vital sign measurement device of claim
35, wherein the diffuser comprises polyoxymethylene, a
white fluoropolymer, polyamide, or a combination
thereof. 37. The vital sign measurement device of
claim 35, wherein the optical signal travels through a
portion of the diffuser having a thickness of between
0.2 mm and 1.0 mm. 38. The vital sign measurement
device of claim 31, wherein the optical source device
comprises an optical source and a mirror with surface
imperfections that refracts an optical signal produced
by the optical source to produce the speckle pattern
output. 39. The vital sign measurement device of claim
31, further comprising: a spatial optical occluder
adapted to prevent the optical detector from receiving
a portion of the speckle pattern output. 40. The vital
sign measurement device of claim 39, wherein the
spatial optical occluder is a blocking structure
having an optical aperture formed therein. 41. The
vital sign measurement device of claim 31, wherein the
optical detector comprises an optical energy receiving
portion having a smaller surface area than the area of
the speckle pattern output.42. The vital sign
measurement device of claim 31, wherein the detected
portion of the speckle pattern output is less than 100
times an area of an average speckle of the speckle
pattern output. 43. The vital sign measurement device
of claim 31, wherein the detected portion of the
speckle pattern output is between 1 and 25 times the
area of an average speckle of the speckle pattern
output. 44. The vital sign measurement device of claim
31, wherein the optical source comprises a coherent
light source. 45. The vital sign measurement device of
claim 31, wherein the optical detector comprises a
plurality of optical detection regions, each optical
detection region adapted to receive optical energy
from the speckle pattern output from a plurality of
detected regions of the speckle pattern output. 46.
The vital sign measurement device of claim 31, wherein
the optical detector is a CCD or CMOS detector. 47.
The vital sign measurement device of claim 31, wherein
the vital sign is at least one of a heart rate, an
arterial pulse waveform, a systolic blood pressure, a
diastolic blood pressure, a mean arterial blood
pressure, a pulse pressure, and an arterial
compliance. 48. The vital sign measurement device of
claim 31, further comprising a spring attached to at
least a portion of the optical sensing system to
counter a force from the arterial pulse and to return
the optical sensing system to an initial state after
the arterial pulse. 49. The vital sign measurement
device of claim 31, further comprising a sensor pad
held by the sensor fixation device adjacent to the
anatomical location, wherein3 modulation of the sensor
pad results in relative movement, compression, or
bending of 4 portions of the optical source that
result in a modulation of the speckle pattern output.
1 50. The vital sign measurement device of claim 31,
wherein the optical sensing 2 system is adapted to
sense a pulse amplitude of the arterial pulse from the
movement, 3 bending, or compression of at least one
portion of the optical sensing system relative to 4
other portions of the optical sensing system resulting
in a series of changes in the 5 detected portion of
the speckle pattern output. 1 51. The vital sign
measurement device of claim 50, wherein the optical
sensing 2 system is configured to detect optical
signals representative of a series of arterial pulses 



3 and the output unit is adapted to determine a pulse
waveform for each of the series of 4 arterial pulses 1
52. A method of measuring a vital sign in a subject,
the method comprising: 2 placing a sensor fixation
device against an anatomical location of a 3 subject,
within which is an artery; 4 generating a speckle
pattern output using an optical source device held by
5 the sensor fixation device; 6 detecting, using an
optical detector held by the sensor fixation device, a
7 portion of the speckle pattern output and generating
therefrom a signal indicative 8 of optical energy
received at the detected portion of the speckle
pattern output, the 9 detected portion of the speckle
pattern output changing in response to an arterial Io
pulse; and I1 generating a measure of the vital sign
using the generated signal indicative 12 of optical
energy received at the detected portion of the speckle
pattern output. 1 53. The method of claim 52, wherein
the vital sign is at least one of a heart rate, an 2
arterial pulse waveform, a systolic blood pressure, a
diastolic blood pressure, a mean 3 arterial blood
pressure, a pulse pressure, and an arterial
compliance.54. The method of claim 52, wherein
generating the measure of the vital sign using the
input indicative of the sensed movement comprises
detecting a number of oscillations in optical energy
received by the optical detector during an arterial
pulse. 55. The method of claim 52, wherein generating
the measure of the vital sign using the input
indicative of the sensed movement comprises taking the
time derivative of the input indicative of the sensed
movement. 56. A vital sign measurement device
comprising: a sensor fixation device adapted to be
placed against an anatomical location of a subject,
within which is an artery; an optical sensing system
comprising an optical source, a diffuser, and an
optical detector, at least one of the optical source,
the diffuser, and the optical detector held by the
sensor fixation device and adapted to move in response
to an arterial pulse relative to at least one of the
other components of the optical sensing system, the
optical source and the diffuser configured to produce
a speckle pattern output, the optical detector
positioned to detect a portion of the speckle pattern
output and generate therefrom a signal indicative of
optical energy received within the detected portion of
the speckle pattern output; and an output unit that
generates a measure of the vital sign using the
generated signal indicative of optical energy received
within the detected portion of the speckle pattern
output. 


