2009/063965, WO 2009/062690, WO 2011/014457, US 2014/0227283, and U.S. Patent No.
8,853,369. US 2014/0227283 discloses monoclonal anti-Ax! antibodies and uses thereof in
diagnostic and therapeutic methods. WO 2009/062690 discloses antibodies that bind to the
extracellular domain of the Ax] protein and can at least partially inhibit Axl activity.

[0008] These monoclonal anti-AxI antibodies will bind to Axl at any location of a patient’s
body with similar affinity, including at locations of the tumors they are intended to treat. The
binding of such antibodies to Axl in non-tumor environments is expected to have an adverse
affect on the normal functioning of Axl in these environments and thus may cause significant
side-effects. The present invention provides conditionally active anti-Axl antibodies and
antibody fragments that have a higher binding affinity to Axl in a tumor microenvironment in
comparison with their binding affinities to Axl in a non-tumor environment. The anti-Ax]1
antibodies and antibody fragments of the present invention are expected to have comparable
or greater anti-cancer efficacy with reduced side-effects, in comparison with the monoclonal
anti-Axl antibodies known in the art. This may also permit administration of higher dosages
of the anti-Axl antibodies and antibody fragments or more frequent treatment, thus providing

a more effective therapeutic option.

SUMMARY

[0009] Disclosed is an isolated heavy chain variable region polypeptide that specifically
binds to the Axl protein. The polypeptide includes three complementarity determining
regions H1, H2, and H3 sequences, wherein:

the H1 sequence is X;GX,X3MX, (SEQ ID NO: 1);

the H2 sequence is LIKXsSNGGTX¢ YNQKFKG (SEQ ID NO: 2); and

the H3 sequence is GX7X3X9X10X11X12X13X14DYX5X16 (SEQ ID NO: 3),

wherein

XiisTorAorW,

X,isHor A,

XsisTorl,

XyisNorl,

XsisPorN,

XsisSorlorT,

X7isHorDorEorPorRor W,

Xgis YorN,

XoisEorAorDorForGorHorlorLorMorNorRorVorY,



XipisSorDorMorNorQ,

Xi1isYorCorEorP,

XppisForEorNorSorTorV,

XpisAorDorGorLory,

XiysisMorEorF,

X;sisWorAorDorHorLorNorPorRorT,and

X618 G or H.
[0009a] In one aspect, there is provided an isolated polypeptide that specifically binds to Axl
protein, said polypeptide comprising a heavy chain variable region including three
complementarity determining regions, said regions having H1, H2, and H3 sequences,
wherein:

(a) the H1 sequence is X;GX,X3MX, (SEQ ID NO: 1);

(b) the H2 sequence is LIKXsSNGGTXs YNQKFKG (SEQ ID NO: 2); and

(c) the H3 sequence is GX7X3XoX0X11X12X13X14DYX15X16 (SEQ ID NO: 3),
wherein

XiisTorAorW,

X,isHor A,

X3isTorl,

XsisNorl,

XsisPorN,

XgisSorlorT,

XsisHorDorEorPorRor W,

Xgis Y orN,

XoisEorAorDorForGorHorIorLorMorNorRorVorY,

XigisSorDorMorN or Q,

XyyisYorCorEorP,

XpisForEorNorSorTorV,

XizisAorDorGorLorY,

XpuisMorEorF,

Xi;sisWorAorDorHorLorNorPorRorT, and

Xi61s G or H.
[0010] Disclosed is that, the isolated heavy chain variable region polypeptide is combined
with an isolated light chain variable region that includes three complementarity determining

regions L1, L2, and L3 sequences, wherein:



the L1 sequence is KASQDX7X15SX19VX20 (SEQ ID NO: 4y;

the L2 sequence is X531 X2 X1 TRXo4T (SEQ ID NO: 5); and

the L3 sequence is QEX5X26SX27X28X29X30 ( SEQ ID NO: 6),
wherein

X;zisVorDorGorNor W,

XigisSorV,

X9is AorL or M,

XypisAorDorNorQ,

Xy is WorF,

XypisAorlorNorPorQ,

X318 Sor D,

XssisHor D,

XysisHorCorForlorLorQorSorTorVorY,

XyisForCorDorEorGorNor S,

X57is Tor Cor P,

XysisPorAorCorDorEorHorKorS orTorVorW,

X,9is L or Gor R, and

Xs0is T orTor R.
[0010a] In another aspect, there is provided an isolated polypeptide that specifically binds to
Axl protein, said polypeptide comprising an light chain variable region including three
complementarity determining regions having L1, L2, and L3 sequences, wherein:

(a) the L1 sequence is KASQDX7X185X10VX20 (SEQ ID NO: 4);

(b) the L2 sequence is X51 X2 X23TRX24T (SEQ ID NO: 5); and

(c) the L3 sequence is QEX55X26SX27X28X20X30 ( SEQ ID NO: 6),
wherein

Xi7isVorDorGorNor W,

XigisSorV,

Xigis AorLorM,

Xypis AorDorNorQ,

X51is WorF,

XpisAorlTorNorPorQ,

Xp3is S or D,

X541s Hor D,

XysisHorCorForlorLorQorS orTorVorY,
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XyisForCorDorEorGorNorS,

Xs7is Tor Cor P,

XosisPorAorCorDorEorHorKorSorTor VorW,

X9 is L or G or R, and

X3pis T orlorR.
[0011] Disclosed is an anti-AxI antibody or antibody fragment that includes the isolated
heavy chain variable region polypeptide of the disclosure.
[0011a] In another aspect, there is provided an anti-Axl antibody or antibody fragment
comprising the isolated heavy chain variable region polypeptide as described herein.
[0012] Disclosed is an immunoconjugate that includes the antibody or antibody fragment of

the disclosure, optionally conjugated to an
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agent selected from a chemotherapeutic agent, a radioactive atom, a cytostatic agent and a
cytotoxic agent.

[0013] Disclosed is a pharmaceutical composition that includes the polypeptide, the antibody
or antibody fragment, or the immunoconjugate of the disclosure, together with a
pharmaceutically acceptable carrier.

[0014] Disclosed is a kit for diagnosis or treatment including the polypeptide, the antibody or

antibody fragment, or the immunoconjugate of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIGS. 1A-1B show sequence alignments of the heavy chain variable regions and the

light chain variable regions, respectively, of anti-Ax! antibodies of the present invention.
[0016] FIG. 2 shows binding (OD450) of various conditionally active antibodies of the
invention to AxD’s extracellular domain at pH 6.0 and pH 7.4. These conditionally active
antibodies were more active at pH 6.0 than at pH 7.4.

[0017] FIG. 3 shows the selectivity of various conditionally active antibodies of the invention
to Axl’s extracellular domain. The selectivity was measured as the ratio of the binding
affinity to a binding partner at pH6.0 to the binding affinity to the same binding partner at pH
7.4.

[0018] FIG. 4 shows by size exclusion chromatograph indicating that conditionally active
antibodies of the invention do not aggregate, as described in Example 1.

[0019] FIG. 5 shows thermostability of conditionally active antibodies of the invention
before and after heat shock as measured by an ELISA assay, as described in Example 1.
[0020] FIGS. 6A-6B show selectivity of conditionally active antibodies of the invention as
measured by SPR assay in Example 1.

[0021] FIG. 7 shows pH dependent binding profiles for binding of anti-Axl antibodies of the
present invention to Axl in KREBS buffer.

[0022] FIGS. 8A-8E show results of another cell killing study using A549 cells wherein anti-
Ax] antibodies of the present invention were employed for cell killing at pH 6.0 and pH 7.4
and at different antibody concentrations.

[0023] FIGS. 9A-9D show binding affinity to human Axl and cynomolgus Axl for anti-AxI
antibodies of the present invention in different buffers and at different pH levels.

[0024] FIGS. 10A-10H show cell killing of different cell lines at different pH levels by anti-

Axl antibodies of the present invention that were conjugated to duomycin.



WHAT IS CLAIMED IS:
1. An isolated polypeptide that specifically binds to Axl protein, said polypeptide
comprising a heavy chain variable region including three complementarity determining
regions, said regions having H1, H2, and H3 sequences, wherein:

(a) the H1 sequence is X;GXpX3MX4 (SEQ ID NO: 1);

(b) the H2 sequence is LIKXsSNGGTXs YNQKFKG (SEQ ID NO: 2); and

(c) the H3 sequence is GX7XXoX 10X 11X 12X 13X14DYX5X16 (SEQ ID NO: 3),
wherein

XyisTorAorW,

X,isHor A,

XzisTorl

XsisNorl,

Xs5is P orN,

XgisSorlorT,

X;isHorDorEorPorRor W,

Xgis Y orN,

XoisEorAorDorForGorHorlorL orMorN orRorVorY,

XppisSorDorMorNorQ,

XyyisYorCorEorP,

XpisForEorNorSorTorV,

XpzisAorDorGorLorY,

XiysisMorEorF,

Xisis WorAorDorHorLorNorPorRorT, and

X161 G or H.

2. The polypeptide of claim 1, wherein the heavy chain variable region is encoded by a

DNA sequence selected from sequences of SEQ ID NOS: 11-13.

3. The polypeptide of any one of claims 1-2 in combination with an isolated light chain
variable region including three complementarity determining regions L1, L2, and L3

sequences, wherein:

(a) the L1 sequence is KASQDX;7X18SX19VXz (SEQ ID NO: 4);
(b) the L2 sequence is XXX TRX T (SEQ ID NO: 5); and
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(c) the L3 sequence is QEX55X765X27X28X20X30 ( SEQ ID NO: 6),
wherein

Xi7isVorDorGorNor W,

XigisSor'V,

XigisAorLorM,

XyisAorDorNorQ,

Xs1isWork,

X»misAorlorNorPorQ,

Xs3isSorD,

XyisHor D,

XssisHorCorForlorLorQorSorTorVory,

XyisForCorDorEorGorNorS,

Xy7is Tor C or P,

XygsisPorAorCorDorEorHorKorSorTorVorW,

Xy is L or GorR, and

Xs0is TorIorR.

4. The polypeptide of claim 3, wherein the light chain variable region is encoded by a
DNA sequence selected from SEQ ID NOS: 7-10.

5. An isolated polypeptide that specifically binds to Axl protein, said polypeptide
comprising an light chain variable region including three complementarity determining
regions having L1, L2, and L3 sequences, wherein:

(a) the L1 sequence is KASQDX7X15SX10VXy0 (SEQ ID NO: 4);

(b) the L2 sequence is X1 X2 X3 TRX4T (SEQ ID NO: 5); and

(c) the L3 sequence is QEX75X26SX27X28X20X30 ( SEQ ID NO: 6),
wherein

Xi7isVorDorGorNor W,

XigisSorV,

XiisAorLorM,

XyisAorDorNorQ,

Xo1isWork,

XnisAorlorNorPorQ,

X318 Sor D,
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Xy isHor D,
X25isHorCorForIorLorQorSorTorVorY,
XyisForCorDorEorGorNorS,

Xs7is TorCorP,
ngisPoerrCorDorEorHorKorSorTorVorW,
Xa0is L or G or R, and

Xzpis TorlorR.

6. The polypeptide of claim 5, wherein the light chain variable region is encoded by a
DNA sequence selected from SEQ ID NOS: 7-10.

7. An anti-Axl antibody or antibody fragment comprising the isolated heavy chain

variable region polypeptide of claim 1.

8. The antibody or antibody fragment of claim 7, further comprising an isolated light
chain variable region comprising three complementarity determining regions L1, L2, and L3
sequences, wherein:

(a) the L1 sequence is KASQDX7X15SX19VXoo (SEQ ID NO: 4);

(b) the L2 sequence is X21X22X23 TRX24T (SEQ ID NO: 5); and

(c) the L3 sequence is QEX5X26SX27X28X20X30 ( SEQ ID NO: 6),
wherein

X;7isVorDorGorNor W,

XigisSorV,

XpisAorLorM,

Xypis AorDorNorQ,

Xs1is WorF,

Xy isAorlorNorPorQ,

X3 is S or D,

Xa4 is H or D,

Xos isHorCorForlorLorQorSorTorVorY,

XyisForCorDorEorGorNorS,

X57is TorCor P,

Xag isPorAorCorDorEorHorKorSorTorVorW,

X,9is L or Gor R, and
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XypisTorlorR.

9. The antibody or antibody fragment of any one of claims 7-8, wherein the antibody or
antibody fragment has a higher binding affinity to AxI protein at a value of a condition in a
tumor microenvironment in comparison with a different value of the same condition that

occurs in a non-tumor microenvironment.
10.  The antibody or antibody fragment of claim 9, wherein the condition is pH.

11.  The antibody or antibody fragment of claim 10, wherein the pH in the tumor
microenvironment is in a range of from 5.8 to 7.0 and the pH in the non-tumor

microenvironment is in a range of 7.0-7.6.

12. The antibody or antibody fragment of any one of claims 7-11, wherein the antibody or
antibody fragment has a ratio of binding affinity to the Axl protein at a value of a condition
in a tumor microenvironment and a binding affinity to the AxI protein at a different value of
the same condition in a non-tumor microenvironment of at least about 1.5:1, at least about
2:1, at least about 3:1, at least about 4:1, at least about 5:1, at least about 6:1, at least about
7:1, at least about 8:1, at least about 9:1, at least about 10:1, at least about 20:1, at least about
30:1, at least about 50:1, at least about 70:1, or at least about 100:1.

13. The antibody or antibody fragment of any of one of claims 7-12, wherein the antibody

or antibody fragment is a chimeric antibody, a multispecific antibody, or a humanized

antibody.
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