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USE OF ANTI-CGRP OR ANTI-CGRP-R ANTIBODIES
OR ANTIBODY FRAGMENTS TO TREAT OR
PREVENT CHRONIC AND ACUTE FORMS OF DIARRHEA

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/496,873
(Atty. Docket No. 67858.770000) filed June 14, 2011, entitled "USE OF ANTI-CGRP
ANTIBODIES AND ANTIBODY FRAGMENTS TO TREAT DIARRHEA IN
SUBJECTS WITH DISEASES OR TREATMENTS THAT RESULT IN ELEVATED
CGRP LEVELS" and U.S. Provisional Application No. 61/488,660 (Atty. Docket No.
67858.730300) filed May 20, 2011, entitled "ANTI-CGRP COMPOSITIONS AND USE
THEREOF" each of which is hereby incorporated by reference in its entirety.

[0002] The instant application contains a Sequence Listing which has been submitted in
ASCII format via EFS-Web and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on May 18, 2012, is named 678580730304.txt and is 203,920 bytes in

size.

BACKGROUND OF THE INVENTION
Field of the Invention

[0003] This invention pertains to the discovery that polypeptides that bind to CGRP or
CGRP receptor and/or other polypeptides which inhibit the CGRP/CGRP receptor
interaction such as anti-CGRP or anti-CGRP receptor antibodies and antibody fragments or
fragments of CGRP or the CGRP receptor which inhibit the CGRP/CGRP receptor
interaction may be used to treat or prevent diarrhea, especially diarrhea associated with
conditions or treatments that result in increased levels of CGRP. Exemplary conditions and
treatments involving increased CGRP are identified herein. The invention in particular
relates to methods of inhibiting, preventing or treating diarrhea and/or maintaining

electrolyte balance and fluid levels in the colon of a subject having a condition or treatment
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associated with elevated CGRP levels that result in diarrhea and/or increased flux of
electrolytes and fluids from the colon comprising administering an effective amount of an
anti-CGRP antibody or anti-CGRP antibody fragment. Exemplary conditions include by
way of example functional bowel disorder and inflammatory bowel diseases, bacterial or
viral infections, and more specifically gastro-esophageal reflux, dyspepsia, irritable bowel
syndrome, functional abdominal pain syndrome, diverticulosis, and diverticulitis, Crohn's
disease, ileitis, collagenous colitis, lymphocytic colitis, ulcerative colitis, cancers or cancer
treatments associated with increased CGRP and diarrhea such as chemotherapy, radiation,
medullary thyroid carcinoma, and colorectal cancer.

[0004] In addition the present invention provides methods of screening polypeptides such
as anti-CGRP or anti-CGRP receptor antibodies and fragments thereof (including Fab
fragments) having binding specificity to human Calcitonin Gene Related Peptide
(hereinafter “CGRP”) as well as fragments of CGRP or a CGRP receptor in animal models
to determine the in vivo effects thereof, especially their ability to antagonize the adverse
side effects of CGRP and to treat conditions involving excess CGRP, especially CGRP
associated conditions or treatments associated with diarrhea. The invention also pertains to
methods of screening for diseases and disorders associated with increased CGRP, which
are associated with diarrhea and specific therapeutic regimens for preventing or treating
diseases and disorders that involve CGRP associated diarrhea by administering said

antibodies or fragments thereof, alone or in association with other actives.

Description of Related Art

[0005] Calcitonin Gene Related Peptide (CGRP) is produced as a multifunctional
neuropeptide of 37 amino acids in length. Two forms of CGRP, the CGRP-alpha and
CGRP-beta forms, exist in humans and have similar activities. CGRP-alpha and CGRP-
beta differ by three amino acids in humans, and are derived from different genes. The
CGRP family of peptides includes amylin, adrenomedullin, and calcitonin, although each

has distinct receptors and biological activities. Doods, H., Curr. Op. Invest. Drugs,

2(9):1261-68 (2001).
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[0006] CGRP is released from numerous tissues such as trigeminal nerves, which when
activated release neuropeptides within the meninges, mediating neurogenic inflammation
that is characterized by vasodilation, vessel leakage, and mast-cell degradation. Durham,
P.L., New Eng. J. Med., 350 (11):1073-75 (2004). The biological effects of CGRP are
mediated via the CGRP receptor (CGRP-R), which consists of a seven-transmembrane
component, in conjunction with receptor-associated membrane protein (RAMP). CGRP-R
further requires the activity of the receptor component protein (RCP), which is essential for
an efficient coupling to adenylate cyclase through G proteins and the production of CAMP.
Doods, H., Curr. Op. Invest. Drugs, 2(9):1261-68 (2001).

[0007] Migraines are neurovascular disorder affecting approximately 10% of the adult
population in the U.S., and are typically accompanied by intense headaches.
Approximately 20-30% of migraine sufferers experience aura, comprising focal
neurological phenomena that precede and/or accompany the event. CGRP is believe to
play a prominent role in the development of migraines. For example, plasma
concentrations of CGRP were identified elevated in jugular venous blood during the
headache phase of migraines, to the exclusion of other neuropeptides. Moreover,
according to Arulmozhi ez al/, the following has been identified in migraine sufferers: (1) a
strong correlation between plasma CGRP concentrations and migraines; (2) the infusion of
CGRP produced a migraine-like headache; (3) baseline CGRP levels were elevated; and (4)
changes in plasma CGRP levels during migraine attacks significantly correlated with
headache intensity. Arulmozhi, D.K., et al., Vas. Pharma., 43: 176-187 (2005). In addition,
in the Journal of the International Association for the Study of Pain PII:S0304-
3959(11)00313-7; doi:10.1016/j.pain.2011.04.033, published online 06 June 2011, Hou et
al., reported that keratinocyte expression of calcitonin gene-related peptide P has
implications for neuropathic and inflammatory pain mechanisms.

[0008] One effective treatment for migraines is the administration of triptans, which are a
family of tryptamine-based drugs, including sumatriptan and rizatriptan. Members of this
family have an affinity for multiple serotonin receptors, including 5-HT;g, 5-HTip, and 5-
HTr. Members of this family of drugs selectively constrict cerebral vessels, but also cause

vasoconstrictive effects on coronary vessels. Durham, P.L., New Eng. J. Med., 350
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(11):1073-75 (2004). There is a theoretical risk of coronary spasm in patients with
established heart disease following administration, and cardiac events after taking triptans
may rarely occur. Noted to be contraindicated for patients with coronary vascular disease.
[0009] Similarly, pain may often be addressed through the administration of certain
narcotics or non-steroidal anti-inflammatory drugs (NSAIDs). However, the
administration of these treatments may occur at the cost of certain negative consequences.
NSAIDs have the potential to cause kidney failure, intestinal bleeding, and liver
dysfunction. Narcotics have the potential to cause nausea, vomiting, imparied mental
functioning, and addiction. Therefore, it is desirable to identify alternative treatments for
pain in order to avoid certain of these negative consequences.

[00010] CGRP is believed to play a role in a multitude of diseases and disorders,
including but not limited to migraines, headaches, and pain. Due to the perceived
involvement of CGRP in these diseases and disorders, there remains a need in the art for
compositions and methods useful for preventing or treating diseases and disorders
associated with CGRP, while avoiding adverse side effects. There especially remains a
need in the art for compositions or methods that reduce or inhibit diseases or disorders
associated with CGRP, such as migraines, headaches, and pain.

[00011] Aside from the afore-mentioned conditions there is a need for treating other
conditions or adverse side effects that are associated with increased CGRP. In this regard
there has been some anecdotal evidence reported in the literature which suggest that
increases in CGRP levels may have a role in some diseases associated with diarrhea. For
example, it was reported by Rolston et al. in Digestive Diseases and Sciences , (April 1989)
34(4):612-6, “Intravenous calcitonin gene-related peptide stimulates net water secretion in
rat colon in vivo” that exogenous calcitonin gene-related peptide has an effect on net flux
of water and electrolytes in the rat small and large intestine. They report that in ligated
intestinal loops, intravenous calcitonin gene-related peptide (CGRP) induced colonic fluid
secretion but had no effect on the small intestine. Also they report using a single-pass
perfusion technique, that they observed an immediate dose-dependent secretion of water by
the rat colon upon intravenous administration of CGRP and also that the net secretion of

sodium, potassium, and chloride were also raised. They suggest the implications of these
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observations for the possible involvement of high circulation concentrations of CGRP in
the watery diarrhea syndrome accompanying medullary thyroid carcinoma.

[00012] Further, it was reported by Keates et al., Gastroenterology 114:956-64(1998),
“CGRP Upregulation in dorsal root ganglia and ilea mucosa during Clostridium difficile
toxin A-induced enteritis in mice” that CGRP may play a role in toxin-A mediated diarrhea
and that a CGRP antagonist substantially inhibited toxin-A mediated diarrhea and
inflammation.

[00013] In addition, Picard et al. reported in International Journal of Radiation Biology ,
(2001), Vol. 77, No. 3, pp. 349-356 , “Presence of protective role of afferent nerves in early
intestinal mucosal alterations induced by abdominal irradiation in rats” that CGRP levels
increase after abdominal irradiation and particularly in radiation enteritis a condition
characterized by diarrhea and other inflammatory reactions.

BRIEF SUMMARY OF THE INVENTION

[00014] Aside from being uncomfortable to the afflicted individual, diarrhea, especially
if chronic or severe can be life threatening especially in geriatric patients and infants and
young children as well as patients with diseases such as cancer and viral infection
associated with chronic diarrhea that can substantially deplete fluid and electrolyte levels.
There are 2 general types of diarrhea, acute and chronic.

[00015] Diarrhea is generally classified as a condition of having three or more loose or
liquid bowel movements per day. It is a common cause of death in developing countries
and the second most common cause of infant deaths worldwide. The loss of fluids through
diarrhea can cause dehydration and electrolyte imbalances. In 2009 diarrhea was estimated
to have caused 1.1 million deaths in people aged 5 and over and 1.5 million deaths in
children under the age of 5. Oral rehydration solutions (ORS) with modest amounts of
electrolytes and zinc tablets are the treatment of choice and have been estimated to have
saved 50 million children in the past 25 years. ORS should be begun at early as possible.
Vomiting does often occurs during the first hour or two of treatment with ORS, but this
seldom prevents successful rehydration as most of the fluid is still absorbed. The World
Health Organization (WHO) recommends that if a child vomits, to wait five or ten minutes

and then start again more slowly.
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[00016] Homemade solutions recommended by WHO include salted drinks (e.g. salted
rice water or a salted yoghurt drink) and vegetable or chicken soup with salt. If available,
supplemental potassium, as well as supplemental zinc, can be added to or given with this
homemade solution. It is s also recommended that persons with diarrhea, if able, continue
or resume eating as this speeds recovery of normal intestinal function and generally leads
to diarrhea of shorter duration. Clean plain water can be one of several fluids given. There
are commercial solutions such as Pedialyte, and relief agencies such as UNICEF widely
distribute packets of salts and sugar.

[00017] Aside from the chronic and acute designations of diarrhea, this condition is also
classified into different types which classifications are based on the cause and disease
manifestations. One type is “secretory diarrhea”. Secretory diarrhea means that there is an
increase in the active secretion, or there is an inhibition of absorption. There is little to no
structural damage. The most common cause of this type of diarrhea is a cholera toxin that
stimulates the secretion of anions, especially chloride ions. In this type of diarrhea
intestinal fluid secretion is isotonic with plasma even during fasting.[8] <> It continues
even when there is no oral food intake.

[00018] A second type is “osmotic diarrhea”. Osmotic diarrhea may occur when too
much water is drawn into the bowels. If a person drinks solutions with excessive sugar or
excessive salt, these can draw water from the body into the bowel and cause osmotic
diarrhea. Also, osmotic diarrhea can also be the result of maldigestion (e.g., pancreatic
disease or Coecliac disease), in which the nutrients are left in the lumen to pull in water. Or
it can be caused by osmotic laxatives (which work to alleviate constipation by drawing
water into the bowels). In healthy individuals, too much magnesium or vitamin C or
undigested lactose can produce osmotic diarrhea and distention of the bowel. A person who
has lactose intolerance can have difficulty absorbing lactose after an extraordinarily high
intake of dairy products. In persons who have fructose malabsorption, excess fructose
intake can also cause diarrhea. High-fructose foods that also have a high glucose content
are more absorbable and less likely to cause diarrhea. Sugar alcohols such as sorbitol (often
found in sugar-free foods) are difficult for the body to absorb and, in large amounts, may

lead to osmotic diarrhea.
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[00019] A third type of diarrhea is exudative diarrhea”. Exudative diarrhea occurs with
the presence of blood and pus in the stool. This occurs with inflammatory bowel diseases,
such as Crohn's disease or ulcerative colitis, and infections such as E. coli or other forms of
food poisoning.

[00020] A fourth type of diarrhea is “motility-related diarrhea”. Motility-related diarrhea
is caused by the rapid movement of food through the intestines (hypermotility). If the food
moves too quickly through the gastrointestinal tract, there is not enough time for sufficient
nutrients and water to be absorbed. This can be due to a vagotomy or diabetic neuropathy,
or a complication of menstruation. Hyperthyroidism can produce hypermotility and lead to
this type of diarrhea. Diarrhea can be treated with antimotility agents (such as loperamide).
Hypermotility can be observed in people who have had portions of their bowel removed,
allowing less total time for absorption of nutrients.

b

[00021] A fifth type of diarrhea is “is “inflammatory diarrhea is . Inflammatory
diarrhea occurs when there is damage to the mucosal lining or brush border, which leads to
a passive loss of protein-rich fluids, and a decreased ability to absorb these lost fluids.
Features of all three of the other types of diarrhea can be found in this type of diarrhea. It
can be caused by bacterial infections, viral infections, parasitic infections, or autoimmune
problems such as inflammatory bowel diseases. It can also be caused by tuberculosis, colon
cancer, and enteritis.

[00022] A related condition to diarrhea is “dysentery”. Generally, if there is blood
visible in the stools, it is not diarrhea, but dysentery. The blood is trace of an invasion of
bowel tissue. Dysentery is a symptom of, among others, Shigella, Entamoeba histolytica,
and Salmonella.

[00023] Diarrhea is most commonly due to viral gastroenteritis with rotavirus, which
accounts for 40% of cases in children under five. In travelers however bacterial infections
predominate. Various toxins such as mushroom poisoning and drugs can also cause acute
diarrhea.

[00024] As noted above, diarrhea may be classified as chronic or acute. “Chronic

diarrhea can be the part of the presentations of a number of chronic medical conditions
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affecting the intestine. Common causes include ulcerative colitis, Crohn's disease,
microscopic colitis, celiac disease, irritable bowel syndrome and bile acid malabsorption.
[00025] There are many causes of infectious diarrhea, which include viruses, bacteria and
parasites. Norovirus is the most common cause of viral diarrhea in adults, but rotavirus is
the most common cause in children under five years old. Adenovirus types 40 and 41, and
astroviruses cause a significant number of infections.

[00026] The bacterium Campylobacter is a common cause of bacterial diarrhea, but
infections by Salmonellae, Shigellae and some strains of Escherichia coli (E.coli) are
frequent. In the elderly, particularly those who have been treated with antibiotics for
unrelated infections, a toxin produced by Clostridium difficile often causes severe diarrhea.
[00027] Some parasites may cause diarrhea such as the protozoan Giardia, which can
cause chronic infections if these are not diagnosed and treated with drugs such as
metronidazole, and Entamoeba histolytica.

[00028] Other causes of chronic diarrhea include:enzyme deficiencies or mucosal
abnormality, as in food allergy and food intolerance, e.g. celiac disease (gluten
intolerance), lactose intolerance (intolerance to milk sugar, common in non-Europeans),
and fructose malabsorption, pernicious anemia, or impaired bowel function due to the
inability to absorb vitamin B12, loss of pancreatic secretions, which may be due to cystic
fibrosis or pancreatitis, structural defects, like short bowel syndrome (surgically removed
bowel) and radiation fibrosis, such as usually follows cancer treatment and other drugs,
including agents used in chemotherapy; and certain drugs, like orlistat, which inhibits the
absorption of fat.

[00029] Ulcerative colitis is marked by chronic bloody diarrhea and inflammation mostly
affects the distal colon near the rectum. Crohn's disease typically affects fairly well
demarcated segments of bowel in the colon and often affects the end of the small bowel.
[00030] Another cause of diarrhea is irritable bowel syndrome (IBS) which usually
presents with abdominal discomfort relieved by defecation and unusual stool (diarrhea or
constipation) for at least 3 days a week over the previous 3 months. Symptoms of diarrhea-
predominant IBS can be managed through a combination of dietary changes, soluble fiber

supplements, and/or medications such as loperamide or codeine. About 30% of patients
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with diarrhea-predominant IBS have bile acid malabsorption diagnosed with an abnormal
SeHCAT test.

[00031] Other causes of diarrhea are chronic ethanol ingestion, ichemic bowel discase,
mcroscopic colitis, ble salt malabsorption (primary bile acid diarrhea) where excessive bile
acids in the colon produce a secretory diarrhea, hrmone-secreting tumors, (some hormones
(e.g., serotonin) can cause diarrhea if excreted in excess (usually from a tumor)).

[00032] Medications such as loperamide (Imodium) and bismuth subsalicylate may be
beneficial in treating some diarrhea conditions, however they may be contraindicated in
certain situations.

[00033] While antibiotics are beneficial in certain types of acute diarrhea, they are
usually not used except in specific situations. In fact, antibiotics can also cause diarrhea,
and antibiotic-associated diarrhea is the most common adverse effect of treatment with
general antibiotics.

[00034] Bismuth compounds such as in (Pepto-Bismol) may be used to treat some
diarrhea conditions. Also, anti motility agents may be used to treat some diarrhea
conditions. These include loperamide. Codeine is sometimes used in the treatment of
diarrhea to slow down peristalsis and the passage of fecal material through the bowels.
Also, bile acid sequestrants such as cholestyramine, colestipol and colesevelam can be
effective in chronic diarrhea due to bile acid malabsorption.

[00035] Zinc supplementation may be used to treat some chronic diarrhea conditions.
Probiotics may sometimes be used to reduce the duration of symptoms.

[00036] As mentioned, a second type of diarrhea is acute diarrhea. The most common
cause of acute diarrhea is infection--viral, bacterial, and parasitic. Bacteria also can cause
acute food poisoning. A third important cause of acute diarrhea is starting a new
medication.

[00037] Other specific causes of acute diarrhea include viral gastroenteritis which is the
most common cause of acute diarrhea worldwide. Viral gastroenteritis can occur in a
sporadic form (in a single individual) or in an epidemic form (among groups of
individuals). Sporadic diarrhea probably is caused by several different viruses and is

believed to be spread by person-to-person contact. The most common cause of epidemic
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diarrhea (for example, on cruise ships) is infection with a family of viruses known as
caliciviruses of which the genus norovirus is the most common (for example, "Norwalk
agent"). The caliciviruses are transmitted by food that is contaminated by sick food-
handlers or by person-to-person contact.

[00038] Another cause of acute diarrhea is food poisoning caused by toxins produced by
bacteria. The toxins cause abdominal pain (cramps) and vomiting and also cause the small
intestine to secrete large amounts of water that leads to diarrhea. The symptoms of food
poisoning usually last less than 24 hours. With some bacteria, the toxins are produced in
the food before it is eaten, while with other bacteria, the toxins are produced in the intestine
after the food is eaten.

[00039] Staphylococcus aureus is an example of a bacterium that produces toxins in food
before it is eaten. Typically, food contaminated with Staphylococcus (such as salad, meat
or sandwiches with mayonnaise) is left un-refrigerated at room temperature overnight. The
Staphylococcal bacteria multiply in the food and produce toxins. Clostridium perfringens is
an example of a bacterium that multiplies in food (usually canned food), and produces
toxins in the small intestine after the contaminated food is eaten.

[00040] Another cause of acute diarrhea is traveler's diarrhea usually caused by
pathogenic strains of E. coli bacteria. Occasionally, other bacteria or parasites can cause
diarrhea in travelers (for example, Shigella, Giardia, Campylobacter). Diarrhea caused by
these other organisms usually lasts longer than 3 days.

[00041] Yet another cause of acute diarrhea is bacterial enterocolitis which occurs when
discase-causing bacteria usually invade the small intestines and colon and cause
enterocolitis (inflammation of the small intestine and colon). Bacterial enterocolitis is
characterized by signs of inflammation (blood or pus in the stool, fever) and abdominal
pain and diarrhea. Campylobacter jejuni is the most common bacterium that causes acute
enterocolitis in the U.S. Other bacteria that cause enterocolitis include Shigella,
Salmonella, and EPEC. These bacteria usually are acquired by drinking contaminated
water or eating contaminated foods such as vegetables, poultry, and dairy products.

[00042] Enterocolitis caused by the bacterium Clostridium difficile is often is caused by

antibiotic treatment. Clostridium difficile is also the most common nosocomial infection
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(infection acquired while in the hospital) to cause diarrhea. Unfortunately, infection also is
increasing among individuals who have neither taken antibiotics or been in the hospital.
[00043] Another cause of acute diarrhea is E. coli O157:H7 which is a strain of E. coli
that produces a toxin that causes hemorrhagic enterocolitis (enterocolitis with bleeding).
There was a famous outbreak of hemorrhagic enterocolitis in the U.S. traced to
contaminated ground beef in hamburgers (hence it is also called hamburger colitis).
Approximately 5% of patients infected with E. coli O157:H7, particularly children, can
develop hemolytic uremic syndrome (HUS), a syndrome that can lead to kidney failure .
Some evidence suggests that prolonged use of anti-diarrhea agents or use of antibiotics
may increase the chance of developing HUS.

[00044] Still anther cause of acute diarrhea is parasite infection, more common outside of
the U. S. For example, infection with Giardia lamblia occurs among individuals who hike
in the mountains or travel abroad and is transmitted by contaminated drinking water.
Cryptosporidium is another diarrhea-producing parasite that is typically spread by
contaminated water.

[00045] Yet anther cause of acute diarrhea is drug-induced diarrhea. The medications
that most frequently cause diarrhea are antacids and nutritional supplements that contain
magnesium. Other classes of medication that cause diarrhea include: nonsteroidal anti-
inflammatory drugs (NSAIDs), chemotherapy medications, antibiotics, medications to
control irregular heartbeats (antiarrhythmics), and medications for high blood pressure.
misoprostol (Cytotec), quinidine (Quinaglute, Quinidex), olsalazine (Dipentum), colchicine
(Colchicine), metoclopramide (Reglan), and cisapride (Propulsid, Motilium).

[00046] Common causes of chronic diarrhea include irritable bowel syndrome. infectious
discases such as Giardia lamblia, AIDS infection, bacterial overgrowth of the small
intestine, .post-infectious diarrhea wherein individuals following acute viral, bacterial or
parasitic infections develop chronic diarrhea (also referred to as post-infectious IBS),
inflammatory bowel disease (IBD), Crohn's disease and ulcerative colitis, and other
diseases causing inflammation of the small intestine and/or colon, commonly cause chronic
diarrhea, colon cancer, particularly in the distal part of the colon, can lead to thin stools.

severe constipation, carbohydrate (sugar) malabsorption. such as lactase deficiency (also
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known as lactose or milk intolerance), fat malabsorption pancreatitis or pancreatic cancer,
diseases of the lining of the small intestine that prevent the absorption of digested fat such
as celiac disease, endocrine diseases such as hyperthyroidism or an under-active pituitary
or adrenal gland (Addison's disease) and laxative abuse.

[00047] Both acute and chronic diarrhea may involve adverse complications including
dehydration resulting from an excessive loss of fluids and electrolytes from the body due to
diarrhea. Dehydration is common among adult patients with acute diarrhea who have large
amounts of stool, particularly when the intake of fluids is limited by lethargy or is
associated with nausea and vomiting and is common in infants and young children who
develop viral gastroenteritis or bacterial infection.

[00048] Moderate to severe dehydration may cause orthostatic hypotension with syncope
(fainting upon standing due to a reduced volume of blood, which causes a drop in blood
pressure upon standing), a diminished urine output, severe weakness, shock, kidney failure,
confusion, acidosis (too much acid in the blood), and even coma.

[00049] Electrolytes (minerals) also are lost with water when diarrhea is prolonged or
severe, and mineral or electrolyte deficiencies may occur. The most common deficiencies
occur with sodium and potassium. Abnormalities of chloride and bicarbonate also may
develop. Finally, there may be irritation of the anus due to the frequent passage of watery
stool containing irritating substances.

[00050] Accordingly, an effective method of preventing or treating different forms of
diarrhea such as are above-described, and in particular acute or chronic diarrhea would be
beneficial.

[00051] Along those lines, the present invention provides methods and medicaments for
treating or preventing CGRP associated diarrhea comprising the administration of at least
one polypeptide that binds CGRP or the CGRP receptor and/or a polypeptide which
inhibits the CGRP/CGRP receptor interaction. These polypeptides include anti-CGRP or
anti-CGRP receptor antibodies and antibody fragments, and fragments or variants of CGRP
or the CGRP receptor which inhibit the CGRP/CGRP receptor interaction. These therapies

effectively treat or prevent diarrhea, especially diarrhea that occurs as a result of disease
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conditions or treatments associated with increased levels of CGRP, e.g. increased levels in
the gastrointestinal system and more particularly the colon.

[00052] The invention in particular relates to methods of inhibiting, preventing or
treating diarrhea and/or maintaining electrolyte balance and fluid levels in the colon of a
subject having a condition (e.g., gastrointestinal condition, cancer, viral or infectious
disorder) or treatments associated resulting in elevated CGRP levels (such as radiation or
chemotherapy) that result in diarrhea and/or increased flux of electrolytes and fluids from
the colon comprising administering an effective amount of an anti-CGRP antibody or anti-
CGRP antibody fragment. These conditions include by way of example functional bowel
disorders and inflammatory bowel diseases, bacterial or viral induced diarrhea, radiation
and chemotherapies and more specifically functional bowel disorders selected from the
group consisting of gastro-esophageal reflux, dyspepsia, irritable bowel syndrome,
functional abdominal pain syndrome, diverticulosis, and diverticulitis, inflammatory bowel
diseases selected from the group consisting of Crohn's disease, ileitis, collagenous colitis,
lymphocytic colitis, and ulcerative colitis, and cancers associated with diarrhea such as
medullary thyroid carcinoma, and colorectal cancer.

[00053] The invention also relates to methods of screening antibodies and fragments
thereof (including Fab fragments) having binding specificity to human Calcitonin Gene
Related Peptide (hereinafter “CGRP”) or the CGRP receptor or which inhibit the
CGRP/CGRP receptor interaction in animal models to determine the in vivo effects
thereof, especially their ability to antagonize the adverse side effects of CGRP and to treat
or prevent diarrhea in conditions or treatments involving excess CGRP.

[00054] Further, the invention involves a method of assessing the potential in vivo
efficacy of a candidate anti-CGRP antibody or antibody fragment or another polypeptide
that inhibits the CGRP/CGRP receptor interaction for treating or preventing diarrhea
comprising determining whether the antibody or other polypeptide inhibits diarrhea in a
rodent administered exogenous CGRP compared to a rodent administered CGRP in the
absence of the candidate CGRP antibody or antibody fragment or other polypeptide

inhibitor.
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[00055] Also, the invention involves a method of administering an anti-CGRP or anti-
CGRP receptor antibody or antibody fragment or another polypeptide that inhibits the
CGRP/CGRP receptor interaction to treat neurological and pain conditions characterized
by increased CGRP levels which are associated with diarrhea.

[00056] Also the invention relates to medicaments for treating a condition associated
with diarrhea selected from gastro-esophageal reflux, dyspepsia, irritable bowel syndrome,
functional abdominal pain syndrome, diverticulosis, diverticulitis, Crohn's disease, ileitis,
collagenous colitis, lymphocytic colitis, and ulcerative colitis, medullary thyroid carcinoma
or a colorectal cancer.

[00057] Further the invention relates to methods of assessing based on results in a rodent
CGRP animal model a suitable therapeutic dosage or dosage regimen of the candidate
antibody or antibody fragment in humans for preventing or treating CGRP associated
diarrhea.

[00058] Still further the invention relates to compositions for inhibiting, preventing or
treating diarrhea and/or maintaining electrolyte balance and fluid levels in the colon of a
subject having a condition associated with elevated CGRP levels that result in diarrhea
and/or increased flux of electrolytes and fluids from the colon comprising an effective
amount of an anti-CGRP or anti-CGRP receptor antibody or anti-CGRP or anti-CGRP
receptor antibody fragment and optionally another active agent.

[00059] Related thereto the invention specifically relates to compositions for treating or
preventing functional bowel disorders or an inflammatory bowel diseases, bacterial or viral
induced diarrhea, cancer associated with diarrhea, such as medullary thyroid carcinoma or
a colorectal cancer, and functional bowel disorders or inflammatory bowel diseases,
including by way of example gastro-esophageal reflux, dyspepsia, irritable bowel
syndrome, functional abdominal pain syndrome, diverticulosis, and diverticulitis or
inflammatory bowel disease is selected from the group consisting of Crohn's disease,
ileitis, collagenous colitis, lymphocytic colitis, and ulcerative colitis. wherein these
therapies administer an effective amount of an anti-CGRP antibody or antibody fragment

which is administered as a monotherapy or in combination with another active agent. .

14



WO 2012/162253 PCT/US2012/038869

[00060] In preferred embodiments the present invention is directed to therapeutic usage
of specific antibodies and fragments thereof for treatment or prevention of diarrhea in
discases or treatments associated with in increased levels of CGRP, said antibodies or
antibody fragments having binding specificity for CGRP, in particular antibodies having
desired epitopic specificity, high affinity or avidity and/or functional properties. In other
preferred embodiments this invention relates to assays and usage of the antibodies
described herein, comprising the sequences of the Vy, Vi, and CDR polypeptides described
herein, and the polynucleotides encoding them. A preferred embodiment of the invention
is directed to chimeric or humanized antibodies and fragments thereof (including Fab
fragments) capable of binding to CGRP and/or inhibiting the biological activities mediated
by the binding of CGRP to the CGRP receptor (“CGRP-R”).

[00061] In another preferred embodiment of the invention, the assays and therapies use
full length antibodies and Fab fragments thereof for treatment or prevention of diarrhea in
diseases or conditions resulting in increased levels of CGRP that inhibit the CGRP-alpha-,
CGRP-beta-, and rat CGRP-driven production of cAMP. In a further preferred
embodiment of the invention, full length and Fab fragments thereof are contemplated that
reduce vasodilation in a recipient following administration.

[00062] In another embodiment of the invention, chimeric or humanized antibodies and
fragments thereof (including Fab fragments) capable of binding to CGRP or the CGRP
receptor are useful in methods directed to reducing, treating, or preventing diarrhea in
diseases or conditions resulting in increased levels of CGRP such as migraines (with or
without aura), cancer or tumors, angiogenesis associated with cancer or tumor growth,
angiogenesis associated with cancer or tumor survival, weight loss, pain, hemiplagic
migraines, cluster headaches, migrainous neuralgia, chronic headaches, tension headaches,
general headaches, hot flushes, chronic paroxysomal hemicrania, secondary headaches due
to an underlying structural problem in the head or neck, cranial neuralgia, sinus headaches
(such as for example associated with sinusitis), and allergy-induced headaches or
migraines.

[00063] In another embodiment of the invention, chimeric or humanized antibodies and

fragments thereof (including Fab fragments) capable of binding to CGRP are useful in
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methods directed to reducing, treating, or preventing diarrhea and visceral pain associated
with gastro-esophageal reflux, dyspepsia, irritable bowel syndrome, inflammatory bowel
disease, Crohn’s disease, ileitis, ulcerative colitis, renal colic, dysmenorrhea, cystitis,
menstrual period, labor, menopause, prostatitis, or pancreatitis.

[00064] In another embodiment of the invention these antibodies and humanized versions
for treatment or prevention of diarrhea in diseases or conditions resulting in increased
levels of CGRP may be derived from rabbit immune cells (B lymphocytes) and may be
selected based on their homology (sequence identity) to human germ line sequences.
These antibodies may require minimal or no sequence modifications, thereby facilitating
retention of functional properties after humanization. A further embodiment of the
invention is directed to fragments from anti-CGRP antibodies encompassing Vg, Vi and
CDR polypeptides, e.g., derived from rabbit immune cells and the polynucleotides
encoding the same, as well as the use of these antibody fragments and the polynucleotides
encoding them in the creation of novel antibodies and polypeptide compositions capable of
binding to CGRP and/or CGRP/CGRP-R complexes for treatment or prevention of diarrhea
in diseases or conditions resulting in increased levels of CGRP.

[00065] The invention also contemplates conjugates of anti-CGRP antibodies and
binding fragments thereof conjugated to one or more functional or detectable moieties for
treatment or prevention of diarrhea in diseases or conditions resulting in increased levels of
CGRP. The invention also contemplates methods of making said chimeric or humanized
anti-CGRP or anti-CGRP/CGRP-R complex antibodies and binding fragments thereof for
treatment or prevention of diarrhea in diseases or conditions resulting in increased levels of
CGRP. In one embodiment, binding fragments include, but are not limited to, Fab, Fab',
F(ab"),, Fv, scFv fragments, SMIPs (small molecule immunopharmaceuticals),
camelbodies, nanobodies, and IgNAR.

[00066] Embodiments of the invention pertain to the use of anti-CGRP antibodies and
binding fragments thereof for the diagnosis, assessment and treatment of diseases and
disorders associated with CGRP or aberrant expression thercof that result in diarrhea
because of increased levels of CGRP. The invention also contemplates the use of

fragments of anti-CGRP antibodies for the diagnosis, assessment and treatment of diseases
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and disorders associated with CGRP or aberrant expression thercof such as diseases or
conditions wherein increased levels of CGRP in the gut result in diarrhea. Other
embodiments of the invention relate to the production of anti-CGRP antibodies or
fragments thereof in recombinant host cells, for example mammalian cells such as CHO,
NSO or HEK 293 cells, or yeast cells (for example diploid yeast such as diploid Pichia)

and other yeast strains.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[00067] Figure 1 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Abl.

[00068] Figure 2 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab2.

[00069] Figure 3 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab3.

[00070] Figure 4 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab4.

[00071] Figure 5 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody AbS.

[00072] Figure 6 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab6.

[00073] Figure 7 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab7.

[00074] Figure 8 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody AbS.

[00075] Figure 9 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab9.

[00076] Figure 10 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab10.

[00077] Figure 11 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab11.
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[00078] Figure 12 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab12.

[00079] Figure 13 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab13.

[00080] Figure 14 provides polynucleotide and polypeptide sequences corresponding to
the full-length Antibody Ab14.

[00081] Figure 15 provides the CGRP-alpha ELISA binding data obtained following the
protocol in Example 1 infra for antibodies Abl, Ab2, Ab3, and Ab4.

[00082] Figure 16 provides the CGRP-alpha ELISA binding data obtained following the
protocol in Example 1 infra for antibodies AbS, Ab6, Ab7, and AbS.

[00083] Figure 17 provides the CGRP-alpha ELISA binding data obtained following the
protocol in Example 1 infra for antibodies Ab9, Ab10, and Abl14.

[00084] Figure 18 provides the CGRP-alpha ELISA binding data obtained following the
protocol in Example 1 infra for antibodies Ab11, Ab12, and Abl13.

[00085] Figure 19 demonstrates the inhibition of CGRP-alpha-driven cAMP production
by antibodies Abl, Ab2, and Ab4, obtained following the protocol in Example 1 infra.
[00086] Figure 20 demonstrates the inhibition of CGRP-alpha-driven cAMP production
by antibody Ab3, obtained following the protocol in Example 1 infra.

[00087] Figure 21 demonstrates the inhibition of CGRP-alpha-driven cAMP production
by antibodies Ab5 and Ab6, obtained following the protocol in Example 1 infra.

[00088] Figure 22 demonstrates the inhibition of CGRP-alpha-driven cAMP production
by antibodies Ab7, AbS, Ab9, and Abl0, obtained following the protocol in Example 1
infra.

[00089] Figure 23 demonstrates the inhibition of CGRP-alpha-driven cAMP production
by antibodies Abl1, Ab12, and Ab13, obtained following the protocol in Example 1 infra.
[00090] Figure 24 demonstrates the inhibition of CGRP-alpha-driven cAMP production
by antibody Ab14, obtained following the protocol in Example 1 infra.

[00091] Figure 25 demonstrates the inhibition of CGRP-beta-driven cAMP production
by antibodies Abl, Ab2, and Ab3, obtained following the protocol in Example 1 infra.
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[00092] Figure 26 demonstrates the inhibition of CGRP-beta-driven cAMP production
by antibodies Ab4, AbS, and Ab6, obtained following the protocol in Example 1 infra.
[00093] Figure 27 demonstrates the inhibition of CGRP-beta-driven cAMP production
by antibodies Ab7 and AbS, obtained following the protocol in Example 1 infra.

[00094] Figure 28 demonstrates the inhibition of CGRP-beta-driven cAMP production
by antibodies Ab9, Ab10, and Ab14, obtained following the protocol in Example 1 infra.
[00095] Figure 29 demonstrates the inhibition of CGRP-beta-driven cAMP production
by antibodies Ab11, Ab12, and Ab13, obtained following the protocol in Example 1 infra.
[00096] Figure 30 demonstrates the inhibition of rat CGRP-driven cAMP production by
antibodies Abl, Ab2, Ab4, and AbS5, obtained following the protocol in Example 1 infra.
[00097] Figure 31 demonstrates the inhibition of rat CGRP -driven cAMP production by
antibodies Ab3 and Ab6, obtained following the protocol in Example 1 infra.

[00098] Figure 32 demonstrates the inhibition of rat CGRP-driven cAMP production by
antibodies Ab7 and AbS, obtained following the protocol in Example 1 infra.

[00099] Figure 33 demonstrates the inhibition of rat CGRP-driven cAMP production by
antibody Ab9, obtained following the protocol in Example 1 infra.

[000100] Figure 34 demonstrates the inhibition of rat CGRP-driven cAMP production by
antibody Ab10, obtained following the protocol in Example 1 infra.

[000101] Figure 35 demonstrates the inhibition of rat CGRP-driven cAMP production by
antibodies Abl1 and Abl12, obtained following the protocol in Example 1 infra.

[000102] Figure 36 demonstrates the inhibition of rat CGRP-driven cAMP production by
antibody Ab13, obtained following the protocol in Example 1 infra.

[000103] Figure 37 demonstrates the inhibition of rat CGRP-driven cAMP production by
antibody Ab14, obtained following the protocol in Example 1 infra.

[000104] Figure 38 demonstrates the inhibition of binding of radiolabeled CGRP to
CGRP-R by antibodies Ab1-Abl3, obtained following the protocol in Example 6 infra.
[000105] Figure 39 demonstrates a reduction in vasodilation obtained by administering
antibodies Ab3 and Ab6 following capsaicin administration in a rat model, relative to a

control antibody, obtained following the protocol in Example 7 infra.
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[000106] Figure 40 demonstrates a reduction in vasodilation obtained by administering
antibody Ab6 at differing concentrations following capsaicin administration in a rat model,
relative to a control antibody, obtained following the protocol in Example 7 infra.

[000107] Figure 41 contains the results of experiments wherein the effects of CGRP in
transgenic Nestin/hRampl mice were evaluated. The data shows that rat CGRP-alpha
administration induced diarrhea in Nestin/hRAMPI tg mice and that the intra peritoneal
injection of Ab3 (30mgskg, ~24 hrs. prior to CGRP challenge) inhibits intra
cerebroventricular (ICV) injected, rat CGRP-alpha induced diarrhea in Nestin/hRAMP1 tg
mice.

[000108] Figure 42 contains the results of experiments which show that the intra
cerebroventricular (ICV) injection of human CGRP-alpha induces diarrhea in a dose
dependent manner in C57BL/6J mice.

[000109] Figure 43 contains the results of experiments which show that intra peritoneal
injection of Ab3 (30mgs/kg ip, ~24 hrs. prior to human CGRP-alpha challenge) inhibits
ICV injected human CGRP-alpha induced diarrhea in C57/BL6J mice.

[000110] Figure 44 contains the results of experiments which show that Ab3 (30mgs/kg ip
injection ~24 hrs. prior to human CGRP-alpha challenge) inhibits IP injected- human
CGRP-alpha induced diarrhea in C57/BL6J mice.

[000111] FIG. 45 shows prevention of CGRP-induced diarrhea by Ab3 and Ab6 (both
administered at 10 mg/kg). Negative control animals (treated with a control antibody and
phosphate buffered saline, left bar) did not exhibit diarrhea, and 80% of positive control
animals (treated with CGRP and a negative control antibody, filled bar) exhibited diarrhea.
Administration of Ab3 (diagonal striped bar) and Ab6 (cross-hatched bar) reduced
incidence of diarrhea to 40% and 60%, respectively.

[000112] FIG. 46 shows gross fecal weight resulting from CGRP-induced diarrhea for the
experiment shown in FIG. 45. Gross fecal weight was greatly increased by administration
of CGRP (second bar) compared to negative control animals (first bar). However, Ab3-
and Ab6-treated animals exhibited greatly reduced gross fecal weight (third and fourth
bars, respectively). Values shown are the average of all animals in each test group plus or

minus standard error of mean (SEM).
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[000113] FIG. 47 confirms prevention of CGRP-induced diarrhea by Ab3 and Ab6 in a
further experiment (both antibodies administered at 30 mg/kg). Diarrhea was absent in
negative control animals (treated with a control antibody and phosphate buffered saline,
first bar) but observed in 80% of positive control animals (second bar, filled). Diarrhea
incidence was reduced to 20% and 40%, respectively by Ab3 (third bar, diagonal stripes)
and Ab6 (fourth bar, crosshatch).

[000114] FIG. 48 shows gross fecal weight resulting from CGRP-induced diarrhea for the
experiment shown in FIG. 47. Gross fecal weight was greatly increased by administration
of CGRP (second bar, filled) compared to negative control animals (first bar, unfilled).
However, Ab6-treated animals exhibited greatly reduced gross fecal weight (fourth bar,
checkered), and Ab3-treated animals (third bar, crosshatch) exhibited average gross fecal
weight comparable to negative control animals (left bar, unfilled). Values shown are the

average of all animals in each test group plus or minus standard error of mean (SEM).

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Definitions

[000115] It is to be understood that this invention is not limited to the particular
methodology, protocols, cell lines, animal species or genera, and reagents described, as
such may vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to limit the scope
of the present invention which will be limited only by the appended claims. As used herein
the singular forms "a", "and", and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a cell" includes a plurality of such
cells and reference to "the protein" includes reference to one or more proteins and
equivalents thercof known to those skilled in the art, and so forth. All technical and
scientific terms used herein have the same meaning as commonly understood to one of
ordinary skill in the art to which this invention belongs unless clearly indicated otherwise..
[000116] Calcitonin Gene Related Peptide (CGRP): As used herein, CGRP encompasses
not only the following Homo sapiens CGRP-alpha and Homo sapiens CGRP-beta amino
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acid sequences available from American Peptides (Sunnyvale CA) and Bachem (Torrance,
CA):

[000117] CGRP-alpha: ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF-
NH2 (SEQ ID NO: 281), wherein the N-terminal phenylalanine is amidated;

[000118] CGRP-beta: ACNTATCVTHRLAGLLSRSGGMVKSNFVPTNVGSKAF-NH2
(SEQ ID NO: 282), wherein the N-terminal phenylalanine is amidated; but also any
membrane-bound forms of these CGRP amino acid sequences, as well as mutants
(mutiens), splice variants, isoforms, orthologues, homologues and variants of this
sequence. In particular CGRP herein encompasses rodent CGRPs and CGRP sequences of
other mammals.

[000119] “CGRP receptor” herein includes all endogenous receptors that are specifically
bound by CGRP, including human and rodent CGRP and other mammalian CGRP. As well
CGRP receptor” includes mutants (mutiens), splice variants, isoforms, orthologues,
homologues, fragments and variants of CGRP receptors that are specifically bound by
CGRP. In particular CGRP receptor herein encompasses human, rat, murine and non-
human primate CGRP receptors and CGRP receptor sequences of other mammals.

[000120] “CGRP/CGRP Receptor Inhibitor” herein refers to a molecule, preferably a
polypeptide such as an antibody or antibody fragment that inhibits the interaction of CGRP
and its receptor. Non-limiting examples thereof include antibodies and antibody fragments
that specifically bind CGRP or the CGRP receptor and fragments of CGRP or the CGRP
receptor.

[000121] “Diarrhea” refers to an increase in the frequency of bowel movements or a
decrease in the form of stool (greater looseness of stool). Although changes in frequency of
bowel movements and looseness of stools can vary independently of each other, changes
often occur in both. Diarrhea needs to be distinguished from four other conditions.
Although these conditions may accompany diarrhea, they often have different causes and
different treatments than diarrhea. These other conditions are: incontinence of stool, which
is the inability to control (delay) bowel movements until an appropriate time, for example,
until one can get to the toilet , rectal urgency, which is a sudden urge to have a bowel

movement that is so strong that if a toilet is not immediately available there will be
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incontinence, incomplete evacuation, which is a sensation that another bowel movement is
necessary soon after a bowel movement, yet there is difficulty passing further stool the
second time and bowel movements immediately after eating a meal.

[000122] Diarrhea can be defined in absolute or relative terms based on either the
frequency of bowel movements or the consistency (looseness) of stools.

[000123] Frequency of bowel movements. Absolute diarrhea is having more bowel
movements than normal. Thus, since among healthy individuals the maximum number of
daily bowel movements is approximately three, diarrhea can be defined as any number of
stools greater than three. Relative diarrhea is having more bowel movements than usual.
Thus, if an individual who usually has one bowel movement each day begins to have two
bowel movements each day, then diarrhea is present-even though there are not more than
three bowel movements a day, that is, there is not absolute diarrhea.

[000124] Consistency of stools. Absolute diarrhea is more difficult to define on the basis
of the consistency of stool because the consistency of stool can vary considerably in
healthy individuals depending on their diets. Thus, individuals who eat large amounts of
vegetables will have looser stools than individuals who eat few vegetables. Stools that are
liquid or watery are always abnormal and considered diarrheal. Relative diarrhea is easier
to define based on the consistency of stool. Thus, an individual who develops looser stools
than usual has diarrhea--even though the stools may be within the range of normal with
respect to consistency.

[000125] Diarrhea generally is divided into two types, acute and chronic. Acute diarrhea
lasts from a few days up to a week. Chronic diarrhea can be defined in several ways but
almost always lasts more than three weeks. Acute and chronic diarrhea usually have
different causes, require different diagnostic tests, and often involve different treatments.
[000126] “Treatment or prevention of CGRP-induced diarrhea” means that the treatment,
e.g., administration of an anti-CGRP antibody or fragment effectively inhibits or treats
diarrhea and/or maintains proper electrolyte and fluid levels in the colon of a subject in
need thereof relative to an untreated subject.

[000127] “CGRP-induced diarrhea or CGRP-associated diarrhea” refers to a condition or

treatment resulting in elevated CGRP levels, especially in the gastrointestinal system and
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especially the colon that result in one or more of increased excretion of fluid from the
colon, impaired electrolyte balance and one or more watery bowel movements (diarrhea).
[000128] “Treatments that result in CGRP-associated diarrhea” herein refer to any
treatment for a disease condition, e.g., radiation, chemotherapy, drug therapy that result in
increased CGRP levels that are associated with diarrhea.

[000129] ‘CGRP associated disease or condition” is any disease or condition that is
associated with increased CGRP levels relative to CGRP levels in normal individuals.
[000130] Mating competent yeast species: In the present invention this is intended to
broadly encompass any diploid or tetraploid yeast which can be grown in culture. Such
species of yeast may exist in a haploid, diploid, or other polyploid form. The cells of a
given ploidy may, under appropriate conditions, proliferate for an indefinite number of
generations in that form. Diploid cells can also sporulate to form haploid cells. Sequential
mating can result in tetraploid strains through further mating or fusion of diploid strains.
The present invention contemplates the use of haploid yeast, as well as diploid or other
polyploid yeast cells produced, for example, by mating or spheroplast fusion.

[000131] In one embodiment of the invention, the mating competent yeast is a member of
the Saccharomycetaceae family, which includes the genera Arxiozyma; Ascobotryozyma;
Citeromyces; Debaryomyces; Dekkera; Eremothecium; Issatchenkia; Kazachstania;
Kluyveromyces; Kodamaea; Lodderomyces; Pachysolen; Pichia; Saccharomyces;
Saturnispora; Tetrapisispora; Torulaspora; Williopsis; and Zygosaccharomyces. Other
types of yeast potentially useful in the invention include Yarrowia; Rhodosporidium;
Candida; Hansenula; Filobasium; Sporidiobolus, Bullera; Leucosporidium and
Filobasidella.

[000132] In a preferred embodiment of the invention, the mating competent yeast is a
member of the genus Pichia. In a further preferred embodiment of the invention, the
mating competent yeast of the genus Pichia is one of the following species: Pichia pastoris,
Pichia methanolica, and Hansenula polymorpha (Pichia angusta). In a particularly
preferred embodiment of the invention, the mating competent yeast of the genus Pichia is

the species Pichia pastoris.
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[000133] Haploid Yeast Cell: A cell having a single copy of each gene of its normal
genomic (chromosomal) complement.

[000134] Polyploid Yeast Cell: A cell having more than one copy of its normal genomic
(chromosomal) complement.

[000135] Diploid Yeast Cell: A cell having two copies (alleles) of essentially every gene
of its normal genomic complement, typically formed by the process of fusion (mating) of
two haploid cells.

[000136] Tetraploid Yeast Cell: A cell having four copies (alleles) of essentially every
gene of its normal genomic complement, typically formed by the process of fusion
(mating) of two haploid cells. Tetraploids may carry two, three, four or more different
expression cassettes. Such tetraploids might be obtained in S. cerevisiaec by selective
mating homozygotic heterothallic a/a and alpha/alpha diploids and in Pichia by sequential
mating of haploids to obtain auxotrophic diploids. For example, a [met his] haploid can be
mated with [ade his] haploid to obtain diploid [his]; and a [met arg] haploid can be mated
with [ade arg] haploid to obtain diploid [arg]; then the diploid [his] x diploid [arg] to obtain
a tetraploid prototroph. It will be understood by those of skill in the art that reference to
the benefits and uses of diploid cells may also apply to tetraploid cells.

[000137] Yeast Mating: The process by which two haploid yeast cells naturally fuse to
form one diploid yeast cell.

[000138] Meiosis: The process by which a diploid yeast cell undergoes reductive division
to form four haploid spore products. Each spore may then germinate and form a haploid
vegetatively growing cell line.

[000139] Seclectable Marker: A selectable marker is a gene or gene fragment that confers
a growth phenotype (physical growth characteristic) on a cell receiving that gene as, for
example through a transformation event. The selectable marker allows that cell to survive
and grow in a selective growth medium under conditions in which cells that do not receive
that selectable marker gene cannot grow. Selectable marker genes generally fall into
several types, including positive selectable marker genes such as a gene that confers on a
cell resistance to an antibiotic or other drug, temperature when two temperature sensitive

(“ts”) mutants are crossed or a ts mutant is transformed; negative selectable marker genes
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such as a biosynthetic gene that confers on a cell the ability to grow in a medium without a
specific nutrient needed by all cells that do not have that biosynthetic gene, or a
mutagenized biosynthetic gene that confers on a cell inability to grow by cells that do not
have the wild type gene; and the like. Suitable markers include but are not limited to:
ZEO; G418; LYS3; MET1; MET3a; ADE1; ADE3; URA3; and the like.

[000140] Expression Vector: These DNA vectors contain eclements that facilitate
manipulation for the expression of a foreign protein within the target host cell.
Conveniently, manipulation of sequences and production of DNA for transformation is first
performed in a bacterial host, e.g. E. coli, and usually vectors will include sequences to
facilitate such manipulations, including a bacterial origin of replication and appropriate
bacterial selection marker. Selection markers encode proteins necessary for the survival or
growth of transformed host cells grown in a selective culture medium. Host cells not
transformed with the vector containing the selection gene will not survive in the culture
medium. Typical selection genes encode proteins that (a) confer resistance to antibiotics or
other toxins, (b) complement auxotrophic deficiencies, or (c) supply critical nutrients not
available from complex media. Exemplary vectors and methods for transformation of
yeast are described, for example, in Burke, D., Dawson, D., & Stearns, T. (2000). Methods
in yeast genetics: a Cold Spring Harbor Laboratory course manual. Plainview, N.Y.: Cold
Spring Harbor Laboratory Press.

[000141] Expression vectors for use in the methods of the invention will further include
yeast specific sequences, including a selectable auxotrophic or drug marker for identifying
transformed yeast strains. A drug marker may further be used to amplify copy number of
the vector in a yeast host cell.

[000142] The polypeptide coding sequence of interest is operably linked to transcriptional
and translational regulatory sequences that provide for expression of the polypeptide in
yeast cells. These vector components may include, but are not limited to, one or more of
the following: an enhancer element, a promoter, and a transcription termination sequence.
Sequences for the secretion of the polypeptide may also be included, e.g. a signal sequence,
and the like. A yeast origin of replication is optional, as expression vectors are often

integrated into the yeast genome. In one embodiment of the invention, the polypeptide of
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interest is operably linked, or fused, to sequences providing for optimized secretion of the
polypeptide from yeast diploid cells.

[000143] Nucleic acids are "operably linked" when placed into a functional relationship
with another nucleic acid sequence. For example, DNA for a signal sequence is operably
linked to DNA for a polypeptide if it is expressed as a preprotein that participates in the
secretion of the polypeptide; a promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the sequence. Generally, "operably linked" means
that the DNA sequences being linked are contiguous, and, in the case of a secretory leader,
contiguous and in reading frame. However, enhancers do not have to be contiguous.
Linking is accomplished by ligation at convenient restriction sites or alternatively via a
PCR/recombination method familiar to those skilled in the art (GatewayR Technology;
Invitrogen, Carlsbad California). If such sites do not exist, the synthetic oligonucleotide
adapters or linkers are used in accordance with conventional practice.

[000144] Promoters are untranslated sequences located upstream (5') to the start codon of
a structural gene (generally within about 100 to 1000 bp) that control the transcription and
translation of particular nucleic acid sequences to which they are operably linked. Such
promoters fall into several classes: inducible, constitutive, and repressible promoters (that
increase levels of transcription in response to absence of a repressor). Inducible promoters
may initiate increased levels of transcription from DNA under their control in response to
some change in culture conditions, ¢.g., the presence or absence of a nutrient or a change in
temperature.

[000145] The yeast promoter fragment may also serve as the site for homologous
recombination and integration of the expression vector into the same site in the yeast
genome; alternatively a selectable marker is used as the site for homologous
recombination. Pichia transformation is described in Cregg et al. (1985) Mol. Cell. Biol.
5:3376-3385.

[000146] Examples of suitable promoters from Pichia include the AOX1 and promoter
(Cregg et al. (1989) Mol. Cell. Biol. 9:1316-1323); ICL1 promoter (Menendez et al. (2003)
Yeast 20(13):1097-108); glyceraldehyde-3-phosphate dehydrogenase promoter (GAP)
(Waterham et al. (1997) Gene 186(1):37-44); and FLD1 promoter (Shen et al. (1998) Gene
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216(1):93-102). The GAP promoter is a strong constitutive promoter and the AOX and
FLD1 promoters are inducible.

[000147] Other yeast promoters include ADHI, alcohol dehydrogenase 11, GAL4, PHO3,
PHOS3, Pyk, and chimeric promoters derived therefrom. Additionally, non-yeast promoters
may be used in the invention such as mammalian, insect, plant, reptile , amphibian, viral,
and avian promoters. Most typically the promoter will comprise a mammalian promoter
(potentially endogenous to the expressed genes) or will comprise a yeast or viral promoter
that provides for efficient transcription in yeast systems.

[000148] The polypeptides of interest may be produced recombinantly not only directly,
but also as a fusion polypeptide with a heterologous polypeptide, e.g. a signal sequence or
other polypeptide having a specific cleavage site at the N-terminus of the mature protein or
polypeptide. In general, the signal sequence may be a component of the vector, or it may
be a part of the polypeptide coding sequence that is inserted into the vector. The
heterologous signal sequence selected preferably is one that is recognized and processed
through one of the standard pathways available within the host cell. The S. cerevisiae
alpha factor pre-pro signal has proven effective in the secretion of a variety of recombinant
proteins from P. pastoris. Other yeast signal sequences include the alpha mating factor
signal sequence, the invertase signal sequence, and signal sequences derived from other
secreted yeast polypeptides. Additionally, these signal peptide sequences may be
engineered to provide for enhanced secretion in diploid yeast expression systems. Other
secretion signals of interest also include mammalian signal sequences, which may be
heterologous to the protein being secreted, or may be a native sequence for the protein
being secreted. Signal sequences include pre-peptide sequences, and in some instances
may include propeptide sequences. Many such signal sequences are known in the art,
including the signal sequences found on immunoglobulin chains, e.g., K28 preprotoxin
sequence, PHA-E, FACE, human MCP-1, human serum albumin signal sequences, human
Ig heavy chain, human Ig light chain, and the like. For example, see Hashimoto et. al.
Protein Eng 11(2) 75 (1998); and Kobayashi et. al. Therapeutic Apheresis 2(4) 257 (1998).

[000149] Transcription may be increased by inserting a transcriptional activator sequence

into the vector. These activators are cis-acting elements of DNA, usually about from 10 to
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300 bp, which act on a promoter to increase its transcription. Transcriptional enhancers are
relatively orientation and position independent, having been found 5' and 3' to the
transcription unit, within an intron, as well as within the coding sequence itself. The
enhancer may be spliced into the expression vector at a position 5' or 3' to the coding
sequence, but is preferably located at a site 5' from the promoter.

[000150] Expression vectors used in eukaryotic host cells may also contain sequences
