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Abstract

Telomere DNA, at the ends of each chromosome, is conserved in nature and required for
chromosome replication and stability. Reduction in telomere length has been observed in several
malignancies as well as in leukocytes from healthy persons with advancing age. There is a paucity
of data regarding telomere length and the effects of in vivo aging in different tissues. These data
could be helpful in interpreting telomere length and understanding the role of telomere integrity
and telomerase activity in malignant cells. We report telomeric DNA integrity studies of blood and
skin collected from eight Caucasians of both sexes representing each decade of life from the fetus
to 72 years of age without exposure to chemotherapy or radiation. In addition, telomeric data from
15 other tissues from the fetus and 8 other tissues from the 72-year-old male were examined. No
significant differences were found in the shortest telomere size, the average telomere size, or
telomere size variation between blood and skin from subjects at different ages. The average
telomere size was 11.7 £ 2.2 kb for blood and 12.8 + 3.7 for skin in all subjects studied. The
shortest telomere length was 5.4 = 1.9 kb for blood and 4.3 £ 0.9 kb for skin. Significant
differences (P < 0.001) were found in the overall length of the DNA hybridization signal
representing the shortest telomere size and the length of the DNA peak migration hybridization
signal representing variation in telomere size between the 20-week fetus and the 72-year-old male.
The 72-year-old male showed the shortest telomeres and the most variation (heterogeneity) in
telomere size for all tissues studied, but the greatest differences were observed in blood compared
with other tissues (e.g., average telomere length was 12.2 kb in the fetus and 7.2 kb in the 72-year-
old male). The size of the telomere was negatively correlated with age for all tissues studied.

INTRODUCTION

The telomere is the region of DNA at the end of each chromosome. Telomere DNA consists
of terminal repeat arrays of base pairs characterized by clusters of G residues in the 3’ strand
(TTAGGG),,, which have been isolated from telomeres of humans [1, 2], They are highly
conserved in nature and have been found in the termini of linear chromosomes from plants,
animals, protists, and fungi [3]. The telomere is required for chromosome replication and
stability. The terminal repeat arrays prevent the binding of the ends of DNA from other
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chromosomes, thus preventing end-to-end fusions or telomeric associations. Interestingly,
telomeric associations in conjunction with telomere reduction and telomerase activity have
been reported in malignancies such as giant cell tumor of bone, a primary skeletal neoplasm
with telomeric reduction [4-6].

Reduction in telomere length has been observed in several malignancies including colon,
glioblastoma, leukemia, Wilms tumor, breast, and lung, as well as the in vitro senescence of
human fibroblasts [7-13]. We and others have reported loss of telomere size in leukocytes
from healthy persons with advancing age (e.g., average 40 base pairs per year), with the
greatest loss identified in the younger persons (less than 20 years old) [14-16]. Thus, loss of
telomeric DNA during cell proliferation may play a role in aging and cancer [11, 15]. The
average telomere length in healthy human cells varies from 5 (60-70 years old) to 20(<10
years) kilobases [15]. The telomere is shorter in somatic tissue than in sperm cells [14].
There is a paucity of data regarding the telomere length in different tissues synchronously
harvested from one subject and the effects that in vivo aging has on the telomere. These data
could be helpful in interpreting telomere length and understanding the role of telomere
integrity and telomerase activity in malignant cells. Therefore, we report for the first time
characterization of telomere integrity and variation in size in multiple human tissues
collected from subjects at different ages.

MATERIALS AND METHODS

Peripheral blood (5-10 cc) and skin samples (1 cm3) were collected from eight different
Caucasians of both sexes (20-week female fetus, 4-year-old male, 16-year-old male, 24-
year-old male, 33-year-old female, 44-year-old female, 58-year-old male, and 72-year-old
male) without exposure to chemotherapy or radiation. Seventeen tissue specimens were
collected at the time of autopsy after institutional review board approval from a 20-week
female fetus (blood, liver, spleen, brain, kidney, skeletal muscle, heart, lung, thymus, fat,
placenta, fascia, pancreas, stomach, adrenal, ovary, and skin), and 10 specimens were
collected from a 72-year-old male (heart, lung, liver, pancreas, brain, fat, skin, blood, large
intestine, and skeletal muscle) for comparison purposes.

Genomic DNA was successfully isolated from the tissue and blood samples from all subjects
studied following standard protocols [15]. Five micrograms of genomic DNA was digested
from each sample with HinAl enzyme at 37°C for 4 hours after a minigel electrophoresis was
performed to check for DNA degradation. Hinfl cleaves frequently in human genomic DNA
but not within telomeric sequences, therefore leaving the telomeric DNA intact. A minigel
electrophoresis was then performed to check for completeness of digestion. DNA was
loaded onto 0.8% agarose gel, and electrophoresis was performed for 5 hours at 58 V. The
gel was then blotted to Gene Screen Plus nylon membrane and hybridized with the 32P-nick-
labeled (TTAGGG)sgq telomeric probe synthesized by the polymerase chain reaction (Oncor,
Inc., Gaithersburg, MD). Completeness of DNA transfer to the membrane after the blotting
process was visually checked after staining the gel with ethidium bromide and exposing it to
ultraviolet light. Hybridization was performed at 42°C for 2 days, and the filter was washed
in an SSC/SDS mixture at 42°C. The filters were then exposed to high-performance
autoradiographic film. The signal for each autoradiograph was standardized visually by
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varying the exposure of the autoradiographic film to allow for equal intensity of the DNA
hybridization signal among the different films for analysis. The autoradiographs were then
analyzed by using an LBK soft laser spectrophotometer as performed in previous studies [7,
15, 17] to determine the maximum DNA peak location, length of the DNA peak
hybridization signal, and overall length of the DNA signal.

Each DNA lane was scanned for a distance of 17 cm by densitometry to include the total
DNA hybridization signal for each of the autoradiographic films analyzed. To control for
variation in interpretation of telomere size among the experiments (e.g., fetus vs. 72-year-old
male), Southern blots, densitometry, and DNA extraction and digestion of the same tissue
sample were repeated for several specimens. The data from these repeated measures were
combined, and the averages and standard deviations are shown in Tables 1 and 2. DNA
fragments migrating farther, detected by the hybridized radiolabeled telomere probe,
represented shorter telomeres, and those not migrating as far represented longer telomeres.
An average telomere size was calculated from the distance of the maximum DNA peak
location determined by densitometry and after comparison with DNA markers of known size
following the protocols reported previously [7, 15]. The shortest telomere size of the
telomeric DNA migrating farthest from the source of the DNA origin was determined by the
overall length of the DNA hybridization signal. The length or width of the DNA peak
hybridization signal was determined by densitometry and represented the various telomere
sizes reflecting telomeric length heterogeneity.

To determine the distribution of telomere sizes in the total DNA hybridization pattern, the
hybridization signal was divided into seven representative zones, or regions, and converted
into telomere size (>24 kb; 24-16 kb, 16-9 kb; 9-7 kb; 7-4 kb; 4—2 kb; < 2 kb) on the
basis of a curve generated by a power equation produced from DNA markers of known size
by using an SPSS (Statistical Package for Social Sciences) computer program for fitting data
to a curve. By the use of the equation (e.g., kilobase = 983.477 x millimeter~1435), kilobases
could be determined from DNA migration distance in millimeters for each subject.
Representative tissue specimens were examined from the 20-week fetus and 72-year-old
male as well as blood and skin samples at different ages. The proportion or percentage of
telomere sizes found in each of the hybridization zones was then determined by calculating
the area under the DNA hybridization curve for each zone. For statistical analysis,
independent and matched f-tests, regression, and correlation values were calculated from the
telomeric data throughout this study.

RESULTS AND DISCUSSION

The subjects, ages, tissue specimens, overall length of DNA migration in millimeters,
shortest telomere length in kilobases, maximum DNA peak migration in millimeters,
average telomere length in kilobases, and length of the DNA peak migration in millimeters
and converted into kilobases are given in Tables 1 and 2. Autoradiographs of the
radiolabeled hybridized filters were densitometrically scanned, producing a DNA
hybridization pattern for each lane. Optical density recorded by the scanner signifies this
DNA migration pattern, which can be converted into kilo-base size for the telomeres. The
telomere length was established with the use of DNA markers of known size and the
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development of a curve. A mean peak intensity was calculated for each of the DNA samples.
The overall length of the DNA hybridization signal from the origin of the DNA lane to the
end of the signal was converted into telomere size (in kb) and represents the shortest
telomeres. The length of the DNA peak migration represents the variation or heterogeneity
of telomere size. Thus, the wider (or longer) the DNA peak migration, the more variation
(heterogeneity) was found in the size of the telomere. The average telomere length, shortest
telomere size, and variation in telomere length were determined by the aforedescribed
methodology (Fig. 1). To our knowledge, the shortest telomere size and telomere length
variation were recorded for the first time in human tissues from subjects at various ages.

Comparison of telomeric DNA isolated from peripheral blood and skin was undertaken from
eight Caucasians representing the decades of life and ranging from a 20-week female fetus
to a 72-year-old male. There were no significant differences in the shortest telomere size
(independent #-test = 1.0; £> 0.05), variation in telomere size (independent #test = -1.3; P >
0.05), or average telomere length (independent ¢-test =0.1; P >0.05) when comparing blood
and skin from subjects at different ages (see Table 1). However, significant negative
correlations with age were found for the average telomere length from DNA (i.e., shorter
average telomere size in the older subjects) isolated from both blood (= -0.78; P< 0.05)
and skin cells (r=-0.82; < 0.05). In addition, a significant negative correlation with age
was found for the shortest telomere length from DNA isolated from blood (r=-0.87; P <
0.01) (i.e., shorter telomere length in blood in older subjects) but not in skin (r=-0.48; P >
0.05). A significant positive correlation with age was found for the length of DNA peak
migration from DNA isolated from blood (r=0.77; £< 0.05) but not for skin (r=0.43; P>
0.05) (i.e., greater telomere length heterogeneity in blood from older subjects).

Figure 2 shows the Southern hybridization pattern of telomeric DNA for 16 tissues isolated
from the 20-week female fetus. Figure 3 shows the Southern hybridization pattern of
telomeric DNA from the 10 tissues isolated from the 72-year-old male. Figure 4 shows
scatterplots of telomere integrity data with regression lines comparing blood and skin with
age in years. Lastly, Figure 5 shows the average telomere length (maximum DNA peak) and
shortest telomere size (overall length of the DNA hybridization signal) for the 9 tissues
common to the 20-week fetus and the 72-year-old male. When the overall length of
migration of telomeric DNA is similar to the length of the DNA peak migration, then
telomere size is most variable. The shortest telomere length was observed in all 9 tissues
from the 72-year-old male compared with the fetus. Fat tissue showed the most similarity in
telomere findings when comparing the fetus and the 72-year-old male. Telomeric DNA
isolated from blood showed the greatest differences.

There was a significant difference in the overall length of the DNA hybridization signal
representing the shortest telomere size (matched #test = —4.7; £< 0.01) and length or width
of the DNA peak migration representing the variation in telomere size (matched #test =
-4.3; P<0.01) between the 9 tissues common to the 20-week fetus and the 72-year-old
male. However, average telomere lengths (matched #test = 2.0; £ >0.05) were not
significantly different (see Table 2). The 72-year-old male showed the shortest telomere
lengths and the most variation (heterogeneity) in telomere size for all tissues studied with
greatest differences observed in blood compared with other tissues. In addition, there was
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not a significant difference /P >0.05) in the average telomere size between blood and skin
cells, but there was a tendency for shorter telomere sizes in blood compared with skin for all
ages of those subjects studied between the 20-week fetus and the 72-year-old male. Fetal
telomeric DNA from the 17 tissues studied was more homogeneous in size than was
telomere DNA isolated from the 10 tissues of the 72-year-old male. Three tissues (blood,
liver, and lung) from the 72-year-old male had shorter telomere length, with more variation
in size than did the other tissues with longer DNA migration distances; whereas the
telomeres from the 20-week fetus showed shorter DNA migration distances (representing
longer telomeres), without as much variation among the tissues. This observation would
indicate more uniform telomere size in the fetal tissues, indicating fewer cell divisions in the
fetus compared with the elderly adult male.

In the comparison of telomere sizes present in each of the seven hybridization zones from
the DNA hybridization pattern or curve (>24 kb; 24-16 kb; 16-9 kb; 9 -7 kb; 7-4 kb; 4 -2
kb; < 2 kb), we found that the calculated average or mode telomere length was generally
located in the hybridization zone with the greatest proportion or percentage of telomeric
DNA. Table 3 shows the percentage of telomeres represented in each of the seven DNA
hybridization zones. The percentage of telomeric DNA from blood for all ages (20 wk fetus,
16 yr, 44 yr, 58 yr, 72 yr) ranged from 0 in zone 7 (<2 kb) to 30.2 in zones 5 (7-4 kb), and
the highest percentage recorded was in zone 5. For skin at all ages (20 wk fetus, 16 yr, 44 yr,
58 yr, 72 yr), the percentage of telomeric DNA ranged from 3.1 in zone 7 (<2 kb) to 25.7 in
zone 3 (16-9 kb). For blood and skin combined from the 20-week fetus, the percentage
ranged from O in zone 7 (<2 kb) to 25.3 in zone 5 (7—4 kb) and from 0 in zone 7 (<2 kb) to
29.8 in zone 5 (7-4 kb) for the 72-year old male. There were no obvious differences in the
percentage of telomeric DNA in the different zones in blood or skin at all ages; however,
differences were noted when comparing the different percentages of telomeric DNA in the
seven hybridization zones between the 20-week fetus and the 72-year-old male. The average
percentage (xSD) of telomeric DNA found in blood and skin from the 20-week fetus in zone
1 (>24 kb) was 12.1 £ 5.0 and 3.4 + 1.4 for the 72-year-old male. The average percentage
(xSD) of telomeric DNA found in blood and skin from the fetus was 5.3 + 7.4 in zone 6 (4—
2 kb) and 18.9 + 9.2 for the 72-year-old male. The average percentage of telomeric DNA
found in each of the remaining hybridization zones was similar between the fetus and the
72-year-old male. Therefore, the greater proportion or percentage of telomeric DNA for the
72-year-old male was found in the zones of the hybridization curve with shorter DNA length
[e.0., zone 6 (4-2 kb size)]. These data farther support the notion that shortening of the
telomere length occurs with aging.

In summary, we found differences in telomere length, particularly shorter telomeres, and
more variation in telomere size in older subjects from different tissues within an individual
subject and in vivo age effects within any one subject’s somatic cells. The average telomere
lengths were similar despite more heterogeneity with advancing age. Additional studies are
underway to further characterize these differences and to understand the variation in
telomere size and its relation, if any, with telomerase activity (required to maintain telomere
integrity) in normal and malignant cells as well as in the embryonic cell origin of the
variation tissues studied. A better description of telomere integrity in cells from normal
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tissue will allow for a better understanding of the role of the telomere (and telomerase
activity) in malignancy and its unlimited cell growth.
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Figurel.
A diagram of a typical densitometric tracing generated after scanning a telomeric DNA

hybridization lane, which is represented in the horizontal axis. Letter A represents the origin
of the DNA lane, B represents the beginning of the DNA hybridization peak, C represents
the maximum DNA peak migration, and D represents the end of the hybridization signal.
The overall length of the hybridization signal is measured from the origin of the DNA lane
(A) to the end of the signal (D) and represents the shortest telomeres when converted into
telomere size (in kb). The average or mode telomere size is represented by the maximum
peak migration (C) and converted into kilobases. The length of DNA peak migration is
measured from B to D and represents the variation in telomere size.
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Figure 2.

Southern hybridization pattern of telomere DNA isolated from 16 different tissues from a
20-week female fetus. DNA from smaller telomeres migrates farther by electrophoresis and
thus has a longer signal length. DNA marker sizes (in kb) are shown on the left. Lane 1,
DNA from blood; lane 2, DNA from skin; lane 3, DNA from fat; lane 4, DNA from fascia;
lane 5, DNA from heart; lane 6, DNA from lung; lane 7, DNA from thymus; lane 8, DNA
from spleen; lane 9, DNA from kidney; lane 10, DNA from adrenal; lane 11, DNA from
pancreas; lane 12, DNA from liver; lane 13, DNA from stomach; lane 14, DNA from brain;
lane 15, DNA from placenta; lane 16, DNA from ovary.
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Figure 3.
Southern hybridization pattern of telomeric DNA isolated from 10 different tissues from a

72-year-old male. DNA from smaller telomeres migrates farther by electrophoresis and thus
has a longer signal length. DNA marker sizes (in kb) are shown on the left. Lane 1, DNA
from blood; lane 2, DNA from skin; lane 3, DNA from heart; lane 4, DNA from lung; lane 5,
DNA from liver; lane 6, DNA from pancreas; lane 7, DNA from small intestine; lane 8,
DNA from large intestine; lane 9, DNA from brain; lane 10, DNA from lymph node.
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Figure4.
Scatterplots of telomere integrity variables for both blood and skin versus age in years (20-

week fetus represented as 0 years) with computed linear regression lines (thin line, blood;
heavy line, skin).
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Figure5.

Histogram representing the telomeric DNA length (in kb) among the nine tissues common to
the 20-week fetus and 72-year-old comparing the overall length of the DNA hybridization
signal (representing the shortest telomeres) and the maximum DNA peak (representing the
average telomere length). In all tissues, the shortest telomeres were observed in the 72-year-
old male, with the greatest differences found for the average and shortest telomere sizes in
blood.

Cancer Genet Cytogenet. Author manuscript; available in PMC 2019 September 28.



Page 12

Butler et al.

"sabe |[e 1e S[enpIAIpUI WOJJ UIS JO POO|Q Ul UOIIBLIBA 10 3ZIS 318W O[3}
3} Ul S9OUBIBYHIP OU 3I9M I3y} ‘810J81a L "9ZIS 848WO[3} Ul UOITeLIeA a10w ay} ‘uonresBiw sead NG 8yl Jo YyIpim Jo yibusj sy} Ja1ealb ayl ‘uciippe U| gy Ul 8ZIS 81awo|a} 8y} Jajfews ay} ‘uonefiw
Mead wNQ@ ay1 Jabuoj ay3 ‘8z1s aseqo|1y 03Ul ParIaAU09 sI YiBua] UBUAA '9ZIS UMOUY JO SiaxJew YN Woly paresausb aaing e Buisn Ag saseqo]iy 03Ul paliaAuod si uonelbiw yead NG 8yl Jo yibua) m:._.m

'safie JuaJayIp Jo S10algns wouy uIys pue
poojq usamisq (S0'0< o ‘€'T — =7 Juspuadapur) (ww ur) uonresBiw Yead WYNQ 40 YiBus| 10 G0'0 < d ‘2'0=7 Juspuadapur) (g3 u1) yibus| a1awo|s) abesane {(50'0< & ‘T°0=7 Juspuadaput) (ww ur) sead ¥NQ
wnwixew (G0°0< o ¥'T =7 uapuadaput) (gy ur) yibua| a1awojal 1581oys ((S0°0 < ‘0'T- =7 spuadapur) (wwi ur) uonelbiw YNQG a1awo|sl Jo Yibus| |[eIaA0 aY} Ul PUNOy 813M Sadualajip Juealyiubis oN

9TFZS 86F STy L'EF82T 8zFTCC 60FEY T8F9 Ly as ¥ uesiy
Ty TLF0SY 0T¥86 OTFTEZ SOF0Y 6'LF58Y sieak gL
9 TYTF €Y LOF06 8TF95Z TIFEY 8'GT F 25 sleah 85
€€ 8€F589 0EFV6 LY F6ve £0F0E 9v FE09 steak vy
0’8 ¥'6¢ 0€T L'6T L'S 9'/¢ sieak g
LS 6'SF¥8E 6CFEVT vZFV6T YOFSY 6V TGSy sieah 91
€ TEFT8E TTF0ET 87 F86T 907FTS 8TFTTY SNJ8y eam 0g
ums
0EFYL VT FSVE TTFLTT YT 6TFYS STTFTTY as + UesN
8¢ STF865 0TFZL R4 Z0F8C 6GF9/9 steak gL
'S GLFO0F v0F8TT VOF80C TOF9V 9TF TV sreak gg
8L 80F00€E 8y F90T TLFGEZ SO FTS 80 F 90V sieah vy
TS 8Ty STI §TC T z18 sieaf gg
8zt 902 0zt L0z 0L 8'1e s1eak vz
z6 8TF992 6GFSHT 0GFE6T 60'FT'9 9EFTSE sieah 91
9L 9'0¢ Gel z0z L9 6'2¢ sreak
L8 6TF69C §z¥Ce €TFLIC €0¥99 6TFTEE Snjay 3am 0g
poolg
(@) vore B (ww) uoiye B (ax) (ww) uolre B (o) (ww) uoire Biw 19 ([gns
ead VNG Jo Yyibua yibus| 3 ewop) abe eny yead VNG wnwixe yibus| 3 eWop} 19310US VYNQ Jo yibus| | A0

ead YNQ Jo Yyibue

:AQ paulW JB1BpP 8Z1S 8.BWOP] Ul UOITRleA

:Aq paulw eep 8z 8 oW Pl apow o afie oAy

:AQ peulw JB1ep 8z1s 8 BWO ] 1S9140US

Author Manuscript

T alqeL

Author Manuscript

sabe || WOoJy UIYS pue poojq UsaIS] Blep 81aWoja) Jo uostiedwo)

Author Manuscript

Author Manuscript

Cancer Genet Cytogenet. Author manuscript; available in PMC 2019 September 28.



Page 13

Butler et al.

8y 90 XA €61 Y g8y £o1OSNW [B1R1AS
A% TLF0Gy 0T¥86 0TFTEC GOFOY 6'LF58Yy gUPIS
8'C STF86S 0TFCL Y FZ0E 20782 6GF9/9 gPoold

alew plo-1eak-z,

8TF/LY YT 862 TTF0TT STT6T2 SOFTS 12T 81€ as F uesiy

56 €6z S01 92T z's z'8e e1ose-
9G 6'GE 00T (¥44 16 8'8e SWAY L
8L 8'8e v'6 (¥4 €6 Tl Areno
8L 8'82 0zt 102 z's z'8e elusde|d
9 62 g01 6'2C z'S 9'/¢ [eusIpY
z9 gee S01 v'ee 0'S v'6e Kaupryy
6'9 z1e S01 912 vy Ty !
8'8 g9z S1I €12 z'9 v'ee FUreid
el T6F00E TZF02T £TFETL TOFSS 6ZF6LE Pty
69 ZTe 00T v'ee TG 7’6 usa|ds
81T 81e S1I 50z L'S £'Ge yoRWOIS
£l T6F00E 8ZFSTT L'2F9T2 TOFVS 6ZFS8E [8RM0UEd
€L GLF00E 12%0CT YTF80¢ 00F V'S GZF8E 61N
01T 6'2C 76 672 'S g'9g GHeeH
g'G G'9g S01 R4 s Tl FOIPSNN TBIRIAS
€' EXAD TTFOET 87 F86T 90FTS 8TFCIV YIS
L8 62F69C szFeel €TFLTL €0F99 6TFTEE gPeeld

SN1a} 3[eWa) X9aM-0Z

»_Sv_v uolye 6w o) uorre B usv_v (W) uorze Biw gav_v L{uw) vore b 19 [gns

yead ¥NQ Jo yibus ead ¥NQ Jo yibus

:AQ pauIW Joep 8ZIS 8 JBWOB] Ul UoITel e

yibua| ajowo i abe eny Mead YNQ wnwixe yibua| aowop} $9110US VNQ Jo yibue| |le A0

:AQ peulW B1Bp 8Z1S 8 BWO P11 8poW o abe eAy :AQ peulwW JB1ep 8z1S 8 BWOP] 1S9140US

Author Manuscript

aJewW pjo-1eak-z/ pue sn)a) a[ewa) %8aM-0g WOJL Sanssi) Buowwe eyep alawola) 1o uosiiedwo)

¢ 9lqeL

Author Manuscript Author Manuscript Author Manuscript

Cancer Genet Cytogenet. Author manuscript; available in PMC 2019 September 28.



Page 14

Butler et al.

"3lewW p|o-1esk-g/ ay) pue Sniaj 8y} 0} UOWWIOD mmzmw_._.%

*3]ewW J3p|0 3y} Ul 3ZIS Ul UOIRLIBA 810W J0 SYIBUB| 219W0]9) Jo aBueI 1apIm & paluasaldas APNIs INo Ul SN19) %99M-0g Ui WOIY SANSSI UM paledwod ajew pjo-Jeak-z/ syl Woiy sanssin
Ul PBUILLIBISP SZIS 8J8LLOI3) J31I0YS ‘21018181 "8ZIS 813W0]8) Ul UOITRLIBA 810W 8y} ‘UoneiBiw Yead WNQ 8yl o yipim 1o yibus) sy Je1ealB syl ‘UoNIPPE U] "G Ul 8ZIS 818W0|8) 8y} Ja|[ews ay) ‘uoreibiw
siead YNQ ayp JaBuo| 8y} ‘9IS aseqo]iy 03Ul PALIBAUOD SI YIBUS] USYAA "8ZIS UMOUY JO SIaxJew NG WOy payesaual aaind e Buisn Aq saseqojiy ojul paaAuod si uoieBiw yead NG ays 40 yibus) ms._w

(T00'0> & ‘0°G— =7 Wapuadapul) sjew pjo-1esak-g/ pue sniaj syl WoJy sanssiy sanssiy e Buowe (ww ur) uoiresBiw Yead WNQ J0 Yibus| ul punoy Sem sduaIayip Emo_::m_mm
‘3lew p|o-1esh-g/ pue snisy syl wouy sanssiy |fe Buowe (500 < o ‘9'T =7 Juapuadapur) (gy u1) yibus| aiswo|s) abelane 10§ puUNO) Sem dUdJIap JUedIUbIS th
(S0°0 >d ‘22— =7 spuadapur) (ww ur) uonelbiw Yead NG WNWIXew ay) 1o} punoy Sem aduaaylp Emo_tcm_mu

‘3[ew p|o-1eak-g/ woiy Sanssiy

Ul PaAJISSTO 1M $81aW0|8) JaUoYS “(T00'0> o 'Sy =7 Juapuadapul) aew pjo-1eak-g/ pue sniaj ay} Wolj sanssi ayl |Je Buouwre (g u1) YyiBua| 818W0|3) 1S3LI0YS aY) 10} PUNOY SeM 3dUaIalIp Emuc_cm_mQ
‘9[ew p|0o-1eak-g/ aU} WOIY SANSSI} U} Ul PBAISSTO Sem aduelsIp

uonesBiw Jabuoj v *(T00°0 > ‘9'9— =7 Juspuadapul) sjew p|o-Ieak-z, pue Sniaj sy} wody sanssiy |je Buowre (ww ur) uonelbiw YNQ 913Wo|a) Jo Yibus| |[BISA0 10 PUNO) SeM 82UBISHIP Emo_::m_mw

0TF0V STTF 68 gTF00T VY FSYE gOFTY 0TI FT'95 as ¥ ueapy
v'e 81S 00T 8'€z 8¢ 815 £+
34 Ty 00T 922 8¢ 625 e
% TIEF VY LEF6L VETFTIE TZFTV Z6F599 Foum
Ly Ty §Z1 86T £y Sov aunsaul abue
95 LETF89E S0F L6 STFTVC vZFTS 6.1 F0'GY [oERIOUEd
0z eI F6'GL SY¥838 62T 867 TYF9G 99T 72'8L N1
9€ 005 STT L0Z 9€ €55 HeeH

mgv_v uolreBiw olww) vone Biw USV_V (W) vore Biw 935 (L) uoize i walans

yead ¥NQ jo yibus

ead ¥NQ Jo yibus

:AQ pauIW Jo1BpP BZIS 8 JBWO ) Ul UoITel e

yibusa| a Jowopi abe oay

Yead YNQ wnwixe N

:AQ peuIW R1BP 8Z1S 3 PWOP1 apow o abe eAy

yibua| 3 oWo P} s91J0US

VNQ {0 yibus| | BAO

:AQ peulwW BBpP 8Z1S 3 PWOoP) 1S9110US

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Genet Cytogenet. Author manuscript; available in PMC 2019 September 28.



Page 15

Butler et al.

Author Manuscript

00 00 6§ 00 20 00 00 00 00 00 (1 €2>)L
ver  ¥SZ  veT €% ¥l 89 00 00 00  §OT (P e2-v¥)9
8¢ TTE 692 6¢ IL¢ 8¥¢ 92T 00 88 8If (1 7'7-9'9)5
Tve 88T LT €62 vLT L0z €S2 TLT  8ve €6l (1 99-7'6)y
20z 9ST €6T Zee 6.7 T6T  99¢ 0ty S¥E 08T (o v'6-9T)€
GOT L9 98 06 6 ¥6 8Tz TS €91 8§ (1 9T-¥2)z
vy ve Lt €¢ &€l 6T 9t  L¥T  9ST &8 (z<) T
UpS  poojlg  UDS  Poojg  UDS  poojg  UDS  poojg  UDS  poojg  Buoz uolezipligAH

sIeakz) SIeak gg seah iy SIeak 9T SNPJ IM-0Z

S9U0Z uonezZIPLgAY WNQ 241 JO yaes ul pajuasaldal saiawo|a) Jo abejuadiad
€ 3|qelL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Genet Cytogenet. Author manuscript; available in PMC 2019 September 28.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3

