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Figure 3. Kaplan-Meier curves analysis to evaluate overall survival according to HOXA13 expression in A. 94 OSCC patients; in B. Patients without treat-
ment; C. Patients treated only with radiotherapy; D. Patients treated with chemo/radiotherapy.
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Figure 4. Kaplan-Meier curves analysis to evaluate overall survival according to HOXB13 expression in A. 94 OSCC patients; in B. Patients without treatment; C.
Patients treated only with radiotherapy; D. Patients treated with chemo/radiotherapy.
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Figure 5. Kaplan-Meier curves analysis to evaluate overall survival according to HOXC13 expression in A. 94 OSCC patients; in B. Patients without treatment; C.
Patients treated only with radiotherapy; D. Patients treated with chemo/radiotherapy.
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ity is correlated to cell proliferation and their
deregulation is often associated with tumor
evolution [9-14]. We analyzed paralogous 13
HOX proteins expression in a Prognostic-Tumor
Array including 119 OSCC samples. HOX A13,
HOX B13, HOX C13 and HOX D13 protein local-
ization appeared prevalently nuclear but some
areas showed also a cytoplasmic localization.
This different sub cellular localization has been
tested by analysis of mMRNA transcripts for each
of the 4 HOX genes. Cytoplasmic localization
was previously described, and in some tumor
types has represented an unfavorable prognos-
tic factor during tumor progression [14]. In our
OSCC series HOXB13 showed a high nuclear
expression in the deep side of cancer, and only
a trend of statistical association with a low
overall survival of patients. HOXC13 nuclear
expression increased in the superficial margin
of the lesion. HOX B13 and HOXC13 do not dis-
play significant associations with other clinic
pathological parameters in OSCC, despite HOX
B13 has been associated with tumor evolution
and progression of several hormone-depen-
dent tumors, such as prostate, ovarian and
breast cancers [21-23], while the prognostic
role of HOX C13 was recently described in met-
astatic melanoma [12]. The most interesting
results seem to be associated with HOX A13
and HOX D13 proteins expression in OSCC.
Aberrant HOX A13 expression increased in lip,
and in the superficial side of the lesion; HOXA13
was detected with a prevalent cytoplasmic
(45%) compare to nuclear expression (33%).
The most consistent data showed the strong
HOX A13 expression significantly associated
with a better prognosis at 60 months. This
appears real in both patients treated only with
surgery and those undergoing chemo and
radiotherapy with an even stronger statistical
significance. HOX A13 expression has been
previously associated with progression of
esophageal squamous cell carcinoma (ESCC),
and it was involved in the pathogenesis of gas-
tric cancer and hepatocarcinoma (HCC) [11,
24]. More recently, the up-regulation of HOX
A13 and the long non-coding RNA, HOTTIP,
located in physical contiguity with HOXA13 and
that directly controls the HOXA locus gene
expression, were associated with HCC patients’
clinical progression and were able to predict
clinic outcome and therapeutic response [25].
Moreover, HOXA13 knockdown reduces HOTTIP
expression in liver cancer-derived cell lines
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[26]. To date all the evidence reported in litera-
ture emphasize the prognostic role of HOX A13,
highlighting its overexpression associated with
tumor progression. In OSCC, the role of HOX
A13 seems to follow an opposite trend. The
overexpression of the marker appears protec-
tive in patients with OSCC, making to hypothe-
size a potential role as tumor suppressor.
Regarding HOX D13 expression, a strong cyto-
plasmic expression, in deep side of the tumor,
was detected, that gradually increased with
tumor size.

HOXD13 expression appeared significantly
associated with a worse prognosis and in
patients undergoing radiotherapy it was strong-
ly associated with a low overall survival. In
detail, the cytoplasmic HOX D13 expression
appeared inversely related to overall survival of
OSCC patients, highlighting its role as tumor
progression marker. Also for this gene, its activ-
ity in tumor pathogenesis and evolution is often
described in an opposite manner. In fact, the
downregulation of HOX D13, during tumor pro-
gression, was previously demonstrated in pan-
creatic cancer. HOXD13 homeoprotein expres-
sion not only decreased from normal to
pancreatic tumor tissues but its de-regulation
was strongly associated with clinic outcome
[10]. This effect on outcome was independent
from the T or N stage of the patients at the time
of diagnosis. On the contrary, as in OSCC, HOX
D13 expression gradually increased from nor-
mal tissue until thyroid cancers [9]. In conclu-
sion, our data strongly highlight that HOXA13
tumor expression could be a good prognosis
marker, instead HOXD13 and HOXB13 expres-
sion could be the worst prognosis markers,
suggesting the potential prognostic value of
paralogous 13 HOX genes in squamous cell
carcinoma of the oral cavity. Their deregulation,
also in OSCC, supports the important role of
HOX genes in tumor evolution and suggests the
development of new potential therapies target-
ed against the activities of these genes.
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Supplementary Table 1. Correlation between nuclear or cytoplasmic HOXA13 expression and main clinical features in deep and superficial mar-
gin of the lesion

Crosstabs HOXA13 Deep nuclear P value HOXA:I'.3 Deep C)./toplas— pvalue HOXA13 Superfi.cial Pvalue HOXA13 .Superﬁcia.l cyto- P value
expression mic expression nuclear expression plasmic expression
Median expression <40 41+ <40 41+ <40 41+ <40 41+
Grading G1 11 6 0.168 11 6 0.458 8 9 0.274 6 11 0.343
64.70588 35.29412 64.70588 35.29412 47.05882 52.94118 35.29412 64.70588
G2 29 27 27 29 32 14 26 20
51.78571 48.21429 48.21429 51.78571 69.56522 30.43478 56.52174 43.47826
G3 19 7 15 11 19 10 15 14
73.07692 26.92308 57.69231 42.30769 65.51724 34.48276 51.72414 48.27586
Lymphonode metastasis NO 27 18 0.6 23 22 0.685 26 14 1 20 20 0.834
60 40 51.11111 48.88889 65 35 50 50
N2+ 32 21 30 23 33 18 27 24
60.37736 39.62264 56.60377 43.39623 64.70588 35.29412 52.94118 47.05882
Stage | 4 4 0.482 3 5 0.27 4 3 0.757 1 6 0.27
50 50 375 62.5 57.14286 42.85714 14.28571 85.71429
Il 17 9 16 10 16 6 12 10
65.38462 34.61538 61.53846 38.46154 72.72727 27.27273 54.54545 45.45455
1] 12 13 10 15 12 9 10 11
48 52 40 60 57.14286 42.85714 47.61905 52.38095
\% 26 14 24 16 27 15 24 18
65 35 60 40 64.28571 35.71429 57.14286 42.85714
T 1 7 7 0.813 7 7 0.771 8 5 0.555 6 7 0.98
50 50 50 50 61.53846 38.46154 46.15385 53.84615
2 28 18 27 19 28 13 21 20
60.86957 39.13043 58.69565 41.30435 68.29268 31.70732 51.21951 48.78049
3 12 6 8 10 9 9 9 9
66.66667 33.33333 4444444 55.55556 50 50 50 50
4 12 9 11 10 14 6 11 9
57.14286 42.85714 52.38095 47.61905 70 30 55 45
Gender F 18 13 1 16 15 0.831 19 8 0.481 14 13 1
58.06452 41.93548 51.6129 48.3871 70.37037 29.62963 51.85185 48.14815
M 41 27 37 31 40 25 33 32
60.29412 39.70588 54.41176 45.58824 61.53846 38.46154 50.76923 49.23077
Age <68 31 20 0.84 29 22 0.549 34 16 0.513 27 23 0.676
60.78431 39.21569 56.86275 43.13725 68 32 54 46
>68 28 20 24 24 25 17 20 22
58.33333 41.66667 50 50 59.52381 40.47619 47.61905 52.38095
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Supplementary Table 2. Correlation between nuclear or cytoplasmic HOXB13 expression and main clinical features in deep and superficial margin

of the lesion
Crosstabs HOXB13 Deep nuclear expres- P HOXB13 Deep cytoplasmic P HOXB13 Superficial P HOXB13 Superficial P
sion value expression value  nuclear expression value cytoplasmic expression value
erZ‘;'s?;‘neX' <30 31+ <0 1+ <30 31+ <0 1+
Grading G1 11 8 0.383 14 5 1 10 10 0.623 13 6 0.544
57.89473684 42.10526316 73.68421053 26.31578947 52.63158 47.36842 68.42105 31.57895
G2 34 26 43 17 34 19 28 24
56.66666667 43.33333333 71.66666667 28.33333333 65.38462 34.61538 53.84615 46.15385
G3 11 16 19 8 17 11 16 12
40.74074074 59.25925926 70.37037037 29.62962963 60.71429 39.28571 57.14286 42.85714
Lymphonode NO 29 21 0.329 36 14 1 26 19 0.54 27 18 0.83
metastasis 58 42 72 28 5777778 42.22222 60 40
N2+ 26 29 39 16 34 19 30 23
4727273 52.72727 70.90909 29.09091 64.15094 35.84906 56.60377 43.39623
Stage 7 4 0.426 9 2 0.319 5 5 0.816 7 3 0.477
63.63636364 36.36363636 81.81818 18.18182 50 50 70 30
Il 17 11 19 9 14 8 14 8
60.71428571 39.28571429 67.85714 32.14286 63.63636 36.36364 63.63636 36.36364
] 10 15 21 4 14 10 15 9
40 60 84 16 58.33333 41.66667 62.5 375
vV 23 20 28 15 28 15 21 22
53.48837209 46.51162791 65.11628 34.88372 65.11628 34.88372 48.83721 51.16279
T 1 10 8 0.624 15 3 0.599 9 7 0.915 11 5 0.399
55.55555556 44.44444444 83.33333 16.66667 56.25 43.75 68.75 31.25
2 28 21 35 14 27 16 27 16
57.14285714 42.85714286 71.42857 28.57143 62.7907 37.2093 62.7907  37.2093
3 7 11 13 5 11 8 9 10
38.88888889 61.11111111 72.22222 2777778 57.89474 42.10526 47.36842 52.63158
4 12 10 14 8 14 7 10 11
54.54545455 45.45454545 63.63636 36.36364 66.66667 33.33333 47.61905 52.38095
Gender F 18 13 0.67 24 7 0.484 19 10 0.656 15 14 0.506
58.06451613 41.93548387 77.41935 22.58065 65.51724 34.48276 51.72414 48.27586
M 39 37 53 23 42 28 42 28
51.31578947 48.68421053 69.73684 30.26316 60 40 60 40
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Supplementary Table 3. Correlation between nuclear or cytoplasmic HOXC13 expression and main clinical features in deep and superficial mar-
gin of the lesion

Crosstabs HOXC13 Deep nuclear pvalue HOXC13 Deep cytoplasmic P value HOXC13 Superfi'cial Pvalue HOXC13 tSupen‘icia.I cytoplas- pvalue
expression expression nuclear expression micC expression
Z(i‘:g;ion <10 11+ <10 11+ <10 11+ <10 11+
Grading G1 11 9 0.892 15 5 0.896 9 10 0.738 13 6 0.67
55 45 75 25 4736842  52.63158 68.42105 31.57895
G2 34 23 45 12 26 21 37 10
59.64912  40.35088 78.94737 21.05263 55.31915  44.68085 78.7234 21.2766
G3 14 11 20 5 13 15 20 8
56 44 80 20 46.42857  53.57143 71.42857 28.57143
Lymphonode NO 24 24 0.164 37 11 0.814 23 20 0.679 30 13 0.477
metastasis 50 50 77.08333 22.91667 53.48837  46.51163 69.76744 30.23256
N+ 34 19 42 11 24 26 39 11
64.15094  35.84906 79.24528 20.75472 48 52 78 22
STAGE | 5 5 0.408 8 2 0.132 7 4 0.833 8 3 0.553
50 50 80 20 63.63636  36.36364 72.72727 27.27273
Il 14 12 17 9 11 11 14 8
53.84615  46.15385 65.38462 34.61538 50 50 63.63636 36.36364
I 13 13 24 2 10 12 18 4
50 50 92.30769 7.692308 45.45455  54.54545 81.81818 18.18182
v 28 13 32 9 21 19 31 9
68.29268  31.70732 78.04878 21.95122 52.5 475 775 225
T 1 11 6 0.357 14 3 0.738 13 5 0.161 14 4 0.974
64.70588  35.29412 82.35294 17.64706 72.22222  27.77778 77.77778 22.22222
2 26 19 33 12 18 22 29 11
57.77778  42.22222 73.33333 26.66667 45 55 725 27.5
3 8 11 16 3 7 11 14 4
4210526  57.89474 84.21053 15.78947 38.88889  61.11111 77.77778 22.22222
4 15 7 18 4 11 8 14 5
68.18182  31.81818 81.81818 18.18182 57.89474 4210526 73.68421 26.31579
Gender F 17 12 1 23 6 1 16 9 0.168 20 5 0.597
58.62069  41.37931 79.31034 20.68966 64 36 80 20
M 43 31 58 16 33 37 51 19
5810811  41.89189 78.37838 21.62162 4714286  52.85714 72.85714 27.14286
Age <68 39 16 0.009 45 10 0.473 31 22 0.151 45 8 0.017
70.90909  29.09091 81.81818 18.18182 58.49057  41.50943 84.90566 15.09434
>68 21 27 36 12 18 24 26 16
43.75 56.25 75 25 4285714 5714286 61.90476 38.09524



Chemotherapy No 27
54
Yes 14
56
Radiotheraphy No 7
50
yes 34
55.7377
Anatomic site Lip 1
25
Toungue 38
61.29032
Other 21
56.75676

23 1
46
11
44
7 0.771
50
27
44.2623
3 0.373
75
24
38.70968
16
43.24324
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37
74
18
72
9
64.28571
46
75.40984
2
50
50
80.64516
29
78.37838

13
26
7
28
5
35.71429
15
24.59016
2
50
12
19.35484
8
21.62162

0.504

0.374

24
52.17391
12
48
7
53.84615
29
50
2
50
29
50.87719
18
52.94118

22
47.82609
13
52
6
46.15385
29
50
2
50
28
49.12281
16
47.05882

0.806

32
69.56522
16
64
7
53.84615
a1
70.68966
1
25
44
7719298
26
76.47059

14
30.43478
9
36
6
46.15385
17
29.31034
3
75
13
22.80702
8
23.52941

0.791

0.327

0.071
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Supplementary Table 4. Correlation between nuclear or cytoplasmic HOXD13 expression and main clinical features in deep and superficial

margin of the lesion

HOXD13 Deep

HOXD13 Deep cytoplasmic

HOXD13 Superficial

HOXD13 Superficial cyto-

Crosstabs nuclear expression P value expression P value nuclear expression Pvalue plasmic expression P value
z’i's:'a” OXPreS <15 16+ <0 1+ <15 16+ <0 1+
Grading G1 7 1 15 1 0.163 7 8 0.869 13 2 0.216
43.75 93.75 6.25 46.66667 53.33333 86.66667 13.33333
G2 24 37 16 20 20 25 15
45.28302 69.81132 30.18868 50 50 62.5 375
G3 10 16 6 13 10 16 7
45.45455 72.72727 27.27273 56.52174 43.47826 69.56522 30.43478
Lymphonode NO 20 0.525 32 9 0.633 17 18 0.651 25 10 1
metastasis 48.78049 78.04878 21.95122 4857143 51.42857 71.42857 28.57143
N+ 20 36 13 23 19 29 13
40.81633 73.46939 26.53061 54.7619 45.2381 69.04762 30.95238
STAGE | 6 0.26 8 1 0.038 5 4 0.962 7 2 0.369
66.66667 88.88889 11.11111 55.55556 44.44444 7177778 22.22222
Il 7 18 4 9 7 13 3
31.81818 81.81818 18.18182 56.25 43.75 81.25 18.75
11 13 21 3 9 10 14 5
54.16667 87.5 12.5 47.36842 52.63158 73.68421 26.31579
I\ 16 22 15 17 17 20 14
43.24324 59.45946 40.54054 50 50 58.82353 41.17647
T 1 7 0.709 14 2 0.001 8 6 0.477 9 5 0.01
43.75 87.5 12.5 5714286 42.85714 64.28571 35.71429
2 16 32 8 19 13 27 5
40 80 20 59.375 40.625 84.375 15.625
3 10 16 2 8 10 13 5
55.55556 88.88889 1111111 4444444 55.55556 7222222 27.77778
4 9 7 11 5 9 5 9
50 38.88889 61.11111 35.71429 64.28571 35.71429 64.28571
Gender F 10 0.487 15 11 0.03 10 9 1 10 9 0.09
38.46154 57.69231 42.30769 52.63158 47.36842 52.63158 47.36842
M 32 54 12 30 29 44 15
48.48485 81.81818 18.18182 50.84746 49.15254 74.57627 25.42373



Age

Chemotherapy

Radiotheraphy

Anatomic site

<68

>68

No

Yes

No

Yes

Lip

Tongue

Other

24
51.06383
18
40
18
40.90909
11
47.82609
6
50
23
41.81818
2
50
27
51.92308
13
36.11111

0.304

0.613

0.75

0.383
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34
72.34043
35
T7.77778
35
79.54545
12
52.17391
10
83.33333
37
67.27273
3
75
40
76.92308
26
72.22222

13
27.65957
10
22.22222
9
20.45455
11
47.82609
2
16.66667
18
32.72727
1
25
12
23.07692
10
27.77778

0.633

0.027

0.324

0.915

15
36.58537
25
67.56757
23
58.97436
6
31.57895
4
40
25
52.08333
2
50
22
48.88889
16
55.17241

26
63.41463
12
32.43243
16
41.02564
13
68.42105
6
60
23
47.91667
2
50
23
51.11111
13
44.82759

0.007

0.092

0.73

0.862

26
63.41463
28
75.67568
27
69.23077
11
57.89474
9
90
29
60.41667
3
75
32
7111111
19
65.51724

15
36.58537
9
24.32432
12
30.76923
8
42.10526
1
10
19
39.58333
1
25
13
28.88889
10
34.48276

0.327

0.557

0.141

0.915




