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Fixation time: 1 h, 2h, 3h, 4h, 5h, 6, 24h, 48h, 72h 
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Results

Molecular Validation Study of Nucleic Acids Extraction from Vacuum Sealed Surgical 

Pathology Specimens

Dhananjay A Chitale, Nelson Main, Michael Dib, Milena Cankovic, Lisa Whiteley, Richard J Zarbo. Henry Ford Hospital, Detroit, Michigan

Abstract

Background: Formalin is the universal fixative in surgical pathology laboratories world over, 

however, it is a highly toxic irritant and potentially carcinogenic. It requires diligent care in 

its usage. To eliminate formalin use for specimen transport to the laboratory, we placed the 

surgical specimens in plastic bags under-vacuum sealing. Our aim was to assess if this 

method of transport could be used routinely without compromising integrity of the nucleic 

acids in this molecular era.

Design: 15 surgically resected specimens from 3 anatomic sites (5 colon, 5 lung, 5 uterus) 

were selected for this pilot study. Specimens were placed in plastic bags under-vacuum 

sealing and transported at 4°C. 4 normal tissue samples using a 5 mm skin biopsy punch 

were collected at 0, 1, 2, 3 hour in duplicate; one snap frozen at -80°C & the other processed 

as formalin fixed paraffin embedded tissues (FFPE) [60 fresh, 60 FFPE]. Manual DNA column 

extraction protocol for genomic DNA isolation & total RNA isolation protocol to isolate total 

RNA were run. DNA/RNA quantities were evaluated by spectrophotometry. DNA integrity 

was assessed by amplification of commercial Control Size Ladder mix generating a series of 

amplicons of 100, 200, 300, 400 base pairs (bp). RNA integrity was assessed by real-time 

quantitative reverse transcription PCR by measurement of expression of β2 microglobulin 

(B2M) transcripts. Cycle threshold (Ct) values of 30 fresh & 30 for FFPE tissue samples were 

used with a cut-off of > 37.0 Ct for acceptable RNA quality.

Results: H & E stained sections from all the FFPE samples showed optimal histologic 

preservation. The yield of extracted DNA & RNA was adequate with good purity for both 

fresh & FFPE tissues [A260/A280 OD ratios >1.10 (range DNA:1.10-2.11, RNA:1.32-2.73)]. 

Fresh tissues: Total recovery between 6.46ug to 238.51 ug, the amplified DNA yielded 

product sizes of 300 bp for 54/60 samples, 400 bp for 53/60 samples. RNA from all the 

samples was of good quality, with acceptable B2M amplification in 28/30 samples. FFPE 

tissues: Total recovery between 3.12 ug to 81.09ug, the amplified DNA yielded product sizes 

of 300 bp for 60/60 samples, 400 bp for 60/60 samples. RNA from all the samples was of 

good quality, with acceptable B2M amplification in 29/30 samples.

Conclusions: Our data suggests that the DNA and RNA integrity is well preserved after 3 

hours of vacuum sealing of the surgical specimens without formalin fixation. Vacuum-based 

preservation of surgical specimens is a viable, molecular friendly and environmentally-safe 

option for tissue transport to laboratory.

Background

Time points of specimen collectionFormalin is a universal fixative in surgical pathology laboratories and used world over, however, 

it is a highly toxic irritant and potentially carcinogenic.  Upmost care is necessary with its 

usage.

Our aim was to assess feasibility of formalin free transport of surgical specimens: 

• to eliminate formalin use for specimen transport to the laboratory by using  vacuum  

sealing and transporting the tissues at 4 °C.

• to assess if this method of transport is molecular friendly

• to assess morphologic changes affected by this method

• 15 surgically resected specimens from 3 anatomic sites (5 colon, 5 lung, 5 uterus) 

• Surgical specimens were placed in plastic bags under-vacuum sealing and transported at 4°C

• 4 tissue samples using a 5 mm skin punch biopsy were collected at 0, 1, 2, 3 hour in  

duplicate

• one snap frozen at -80°C

• one routinely processed as formalin fixed paraffin embedded tissues (FFPE).

• Manual DNA column extraction protocol was run for genomic DNA isolation 

• 60 fresh and 60 FFPE tissues

• Manual RNA isolation protocol was used to isolate total RNA from fresh and FFPE tissues. 

• DNA/RNA quantity were evaluated by spectrophotometry. 

• DNA integrity was assessed by amplification of commercial Control Size Ladder mix     

generating a series of amplicons of 100, 200, 300, 400, and 600 base pairs (bp). 

• RNA integrity was assessed by real-time quantitative reverse transcription PCR (QRT-PCR) by  

measurement of expression of β2 microglobulin (B2M) transcripts. 

• Cycle threshold (Ct) values of 30 fresh frozen samples and 30 for FFPE tissue samples    

were used as a cut-off for acceptable RNA quality. 

Study design

Conclusion

• H & E stained sections from all the FFPE samples showed no 

significant morphologic artifacts with optimal histologic 

preservation. 

• Our data suggests that the DNA integrity is very well preserved 

even after 3 hours of vacuum sealing of the surgical specimens 

without formalin fixation. 

• RNA integrity was marginal in the FFPE with the delay in fixation 

while there was no significant decline in the fresh specimen 

cohort at any time point. 

• Vacuum-based preservation of surgical specimens is a viable, 

molecular friendly and environmentally-safe option for tissue 

transport to laboratory.
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Num ber
Tissues

Arrival 

T im e to  
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Tim e 

Vacuum -

Sealed

Frozen Form Frozen Form . Frozen Form . Frozen Form

1 Co lo n 1130 1140
1-0                       

11 30

1-0       113 0 1-1           123 0 1 -1               

1 230

1-2          133 0 1-2               

133 0

1-3           143 0 1-3              

143 0

2 Uterus 1140 1146
2-0            

11 46 

2-0       114 6 2-1             

12 46

2 -1               

1 246

2-2          134 6 2-2              

134 6

2-3            144 6 2-3               

144 6

3 Uterus 1150 1156
3-0                   

11 56

3-0       115 6 3-1            

12 56

3 -1                   

1 256

3-2                

13 56

3-2                   

135 6

3-3                    

14 56

3-3                   

145 6

4 Co lo n 1420 1436
4-0              

14 50 

4-0      145 0 4-1                  

15 50

4 -1                    

1 550

4-2                    

16 50

4-2                      

165 0

4-3                    

17 50

4-3                     

175 0

5 Co lo n 1509 1517
5-0              

15 15

5-0         15 15 5-1                   

16 15

5 -1                     

1 615

5-2                   

17 15

5-2                    

171 5

5-3                   

18 15

5-3                   

181 5

6 Uterus 1636 1644
6-0               

16 42

6-0       164 2 6-1                   

17 42

6 -1                   

1 742

6-2                   

18 42

6-2                    

184 2

6-3                

19 42

6-3                    

194 2

7 Uterus 1250 1256
7-0               

12 56

7-0      125 6 7-1                 

13 56

7 -1                    

1 356

7-2                   

14 56

7-2                      

145 6

7-3                    

15 58

7-3                     

155 8

8 Uterus 1419 1431
8-0                

14 29

8-0      143 0 8-1                 

15 30

8 -1                     

1 530

8-2                  

16 30

8-2                     

163 0

8-3                   

17 30

8-3                     

173 0

9 Uterus 1034 1043
9-0                 

10 40

9-0      103 9 9-1                  

11 39

9 -1                    

1 139

9-2                     

12 39

9-2                     

123 9

9-3                     

13 39

9-3                     

133 9

10 Co lo n 1616 1643
10 -0               

16 28

10-0      16 28 10 -1                

17 28

1 0-1                   

1 728

10 -2                 

18 29

10-2              

182 9                

10 -3                 

19 26

10-3                   

192 6

11 Lung 1330 1408
11 -0               

14 06

11-0      14 06 11 -1                

15 00

1 1-1                

1 500

11 -2                

16 00

11-2                 

160 0

11 -3               

17 00

11-3                  

170 0

12 Lung 1335 1342
12 -0                

13 42

12-0      13 42 12 -1                 

14 50

1 2-1                  

1 450

12 -2                 

15 50

12-2                 

155 0

12 -3                

16 50

12-3                  

165 0

13 Lung 1155 1205
13 -0                

11 56

13-0      12 00 13 -1                

13 00

1 3-1                  

1 300

13 -2                 

14 00

13-2                  

140 0

13 -3               

15 00

13-3                   

150 0

14 Lung 1020 1021
14 -0                 

10 24

14-0                 

102 4

14 -1                

11 24

1 4-1                  

1 124

14 -2                 

12 24

14-2                

122 4

14 -3               

13 24

14-3                 

132 4

15 Lung 956 1005
15 -0                

10 03

15-0               

100 3

15 -1                 

11 15

1 5-1                   

1 115

15 -2                 

12 05

15-2                  

120 5

15 -3                

13 05

15-3                 

130 5

Fro zen Se ctio n Roo m Su rgical Patho lo gy Ro om

Z ero H our 1 H OU R  2 HO UR 3 HOUR

FFPE DNA integrity- Size Ladder mix Fresh DNA integrity- Size Ladder mix 

RNA integrity- Beta 2 microglobulin transcripts 

black B2M standards, dark blue FFPE 0 and 3 hours, light blue Fresh 0 and 3 hours 

20.9524.35Range Low

37.8029.79Range High23.7125.478-3

25.6726.72Average22.8129.678-0

fail26.0815-323.7326.857-3

26.9425.8715-022.7325.147-0

37.8025.6114-322.8026.586-3

22.9124.3514-022.3426.166-0

30.4826.5713-327.2329.645-3

23.8925.7913-025.4729.795-0

20.9527.6312-331.6327.794-3

22.1424.7612-031.24fail4-0

33.8525.0711-324.4428.153-3

25.7026.7911-023.0827.163-0

24.5324.8910-326.5427.142-3

24.3027.5210-023.7726.682-0

24.4027.109-329.4027.361-3

22.7326.779-022.9926.601-0

Ct ValueCt ValueCt ValueCt Value

FrozenFFPE
Sample ID

FrozenFFPE
Sample ID

Materials and Methods

Best possible scenario for molecular test – Gold standard

Current FFPE specimens for mol test – “real world”

Hypothesis: No difference

Hypothesis: No difference

Condition 1 vs 4

Outcome measures

Condition 2 vs 3

Time 

Fresh /Frozen tissue

R
N

A
 /D

N
A

 e
xtra

ctio
n

, q
u

a
n

tita
tio

n
, in

te
g

rity

Formalin Fixed tissue

Fresh tissue- Vacuum 

Transport

Formalin Fixed tissue- vacuum 

Transport

1

2

3

4

F
re

sh

F
F

P
E

Time 

Intraop to table

Time to room temp

370C >> 210C

Time variable- surgery 

dependent

Time “controllable”

Fresh specimen

Hemoglobin, O2 saturation

Warm

ischemia 

Cold 

ischemia

V
a

ri
a

ti
o

n
 b

y
 t

is
su

e
 t

y
p

e
: 

U
te

ru
s,

 C
o

lo
n

, 
Lu

n
g


