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ABSTRACT

A new fixative for molecular pathologic evaluation

Ying Cui
Dept. of Medicine
The Graduate School

Yonsei University

Purpose of the study: Formalin is the most widely used fixative becaaéés low price and
good capacity of preserving morphology of a fixedue. However the cross-linking effect of
formalin can cause some damage on macromoleculdsé,(BNA, protein) of fixed tissues.
The purpose of this study is to develop a new idedl safe fixative that will have nearly the
similar grade of morphological shape to that ofnfalin, which could be used without
problems not only in many clinically required sgg¢cthemical and immunohistochemical
stainings, but also in molecular biological tests.

Methods. After developing environment friendly and nonwXixatives (WONFIX)
through the comparative analysis of several fixtivin alcohol series, the fixation
characteristics of developed fixatives have beenpared with other fixatives by using
rat or human tissues. By selecting the frozen ¢issud 5 different fixatives (1.WONFIX
2.Carnoy’s fixative 3.methacarn 4.Wolman’s soluttoformalin), the tissue was fixed for
24hours by using each fixative and then embeddegaimaffin. By using an optical
microscope, the morphological pattern in each ffieatvas evaluated to read the quality
of morphological finding in A~E grades and the immobistochemical staining was
performed to compare the antigen expression pattéter extracting DNA, RNA, and
protein from the paraffin blocks of fixed tissubgtconcentration of macromolecules and
the statistical significance were compared by usliregWilcoxon signed rank test method.
Regarding the housekeeping gene, PCR, real-time, RGiR Western blot analysis were

performed.



Results: In the optical microscopic evaluation of freststis and the tissues fixed at 5
different types of fixatives, the best tissue malphy was observed in the tissue fixed at
formalin, which was followed by WONFIX. Althoughghimmunohistochemical staining
results by using 14 antibodies resulted to shows#ime positive and negative expression
frequency, the staining intensity observed in tlesue fixed at WONFIX was the
strongest and showed nearly the similar stainirttepato that of formalin. The largest
amount of DNA extraction was made in the tissuediat WONFIX (p<0.05), which
enabled to perform PCR upto 1.5kb. The extracteduamof RNA at the time of using
WONFIX fixative was placed at the fourth grade, the amount was significantly larger
than the amount that was extracted from formalkO(p5). The mean threshold cycle
number (CT) value acquired by performing the reabtPCR was found to be 11.3 in
fresh tissue and 12.3 in WONFIX. The mean CT vakas acquired by performing real-
time PCR for the extracted RNA after the microditise of 1000 cells, which resulted to
show 19.4 in fresh tissue, 23.2 in WONFIX, and 30.6rmalin. The RNA preservation
state of the tissue fixed at WONFIX was better than tissues fixed at other fixatives.
When the protein quality was compared by conducthmy Western blot analysis, the
protein extracted from the tissue fixed at WONFB§ulted to show similar state that
could be observed at the fresh tissue extraction.

Conclusions: WONFIX is the ethanol based fixative, which is rorment friendly and
safe without having heavy metals or toxic chemmabstances. At the same time, the
excellent morphological findings could be its cluaeastic, which enables to perform

clinically required molecular biology tests.

Key words: Fixative, WONFIX, formalin, DNA, RNA, ptein, PCR, real-time PCR,

immunohistochemistry, Western blot analysis
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|. INTRODUCTION

Fixative could be defined as the liquid that caaesprve the morphology and biochemical
state of tissue as much as to that of live bodyth&sideal condition of fixative, Firstly, it has
to maintain its original morphology without conttian and deformation of tissue while
processing the procedures for microscopic exantinattecondly, the components of tissue
and cell should be preserved without losing. Thirthhe chemical compositions of cells, such
as protein and fat should be well preserved ahéndriginal state to be reacted in special
staining® The use of such fixatives is the essential toolttie pathological diagnosis for the
appropriate therapies and prognosis evaluatiorugfirahe morphology test and analysis of
nucleic acids and proteins. Although the studiedixatives have been made for a long time,
the perfect fixative that satisfy all of the ab@/eequirements has not been found yet.

Regularly at the pathology department, the biofssue is fixed in a fixative and embedded
in paraffin, and then hematoxylin-eosin (H&E) skdare prepared for diagnosis. The
remaining blocks could be used as the very impor&sources to perform the studies of using
molecular biological techniques and to confirm theatment responses in rare disease, in
etiological studies, or in the long term track dostadies. In addition, such method allows to
acquire tissue and cell samples in different ste#ge disease from a patient, which enables to
elucidate the pathological mechanism by a diselage s

When the currently widely used fixatives were dfésd according to the chemical
properties, it could be classified into aldehydilsoholic, and heavy metal series. The largest
part of the fixation is conducted by using an ailab series of 10% neutral buffer formalin
(40% formaldehyde 100ml, distilled water 900ml, isod dihydrogen orthophosphate 4g,
disodium hydrogen orthophosphate 6.59).



Formalin was found by Butlerow in 1859, and it Hamen used as germicides, tissue
fixatives, and as preservatives when the formatlpction was started in the companies of
France and Germany. Other than that, it has bessnumed in the manufacture of glues and
synthetic fiberé. The advantages of formalin could be listed aslisap price and availability
of performing fast and effective treatment to pag#s (parasites, fungus, and bacterjit
its colorless transparent and strong volatility simulate eyes to shed tears when its content
in air reaches more than 0.1ppm and have bad eftecthe upper respiratory track, and its
strong corrosiveness can cause hypersensitivitynatitis, and eczema when it is directly
contacted to human body. The small amount of fodet@yde requires short time to be
metabolized within in a human body. Since 35% isamelized as formic acid to be excreted
as urine and the last of 65% is continuously mdiabd to be excreted as in the form of
carbon dioxide and water, its accumulation in hurbady is small. However, formalin can
cause gene mutations in the cells separated fromahuoody or in animal cells. So, it is
considered to be the carcinogen and the chancaugecabnormality in organisms should not
be disregarded. Therefore, the development of safeé useful formalin alternatives is
necessary for the purpose of industrial safety.

As the disadvantages of formalin, its action oryiray the volume or mass in fixed tissue
could be listed. So, the tumor size in fresh tisand in fixed tissue looks different and a
difference could be observed by the types of orgamy the fixation timé:® Pathologists
receive a tissue after a surgery and describeitiee weight, and shape of the tissue at the
gross examination. After then, the pathogenic lesiare selected to prepare slides for
microscopic examination and all findings are intdgd to make a diagnosis. In case of
malignant tumor, it is evaluated by following thgstem established by the American Joint
Committee on Cancer (AJCC), and clinical physicideside the prognosis and therapy based
on the evaluation. In the definition of AJCC, thiseése stages are divided by the size of
tumors. The tumor size evaluation standardized @@ did not yet clearly state whether the
evaluation of the size has to be made based oh fiesle state or formalin fixed tissue state,
or on the size measured by microscopic findidgsan example, the non-small cell carcinoma
developed in lung is divided into disease staged. disease stage 2 based on the tumor size
of 3cm by following the AJCC system. But, the thmrand prognosis for both stage of the
disease are distinctively different. Hsu et al. Q20 reported the existence of statistically
significant difference by comparing the tumor siefore fixation and after fixation in 401
patients who were diagnosed with non-small celtiomma’ It could be attributable to the

strong contractility of formalin fixed tissue, whichanged the disease stage according to the



tissue condition at the time of measuring the sketthermore, tumor size is used to
differentiate the disease stage, and the size ehbefpre and after the fixation can change the
disease stadeln addition, some of studies reported that thegposis of colon cancer is
related to the distance between tumor and surgesdction margin, and reported that the
distance of safety margin was contracted twice dieance of original one by formalin
fixation? However, the measurement of tumor size from tlsHrtissue after a clinical
surgery is a very difficult task. Therefore, thevelepment of fixatives which can preserve the
tissue size nearly as the original size could bkde the very important task.

The staining technique that was initiated fromthid 19 century has been advanced to the
surprising level of technique that is used at theremt century through the continuous and
steady studies, and it has been widely used ngtinrthe field of research studies, but also in
the diagnosis of pathological tissues.

In the histochemistry, the most effective enzymavig could be observed in fresh or
frozen tissue section. As an example, when studghegskeletal muscle-related enzyme in a
patient suspected with myopathy, the staining edtirtissue can make a precise diagnosis.

The immunohistochemical staining method is the ri@ple of detecting antigens in tissue,
which visualizing the antigen by the immune reactad antigens and antibodies. However,
the tissue embedded paraffin after the fixatiorformalin can cause the change in protein
compositions, and the primary structure of proteidestroyed most rapidly through the cross-
linking with formaldehyde, and all other structucilanges are made in the secondary, third,
and fourth structures of proteinTherefore, the use of paraffin embedded tissuevstbe
limitation in immunohistochemical staining methodnpared to that of using frozen tissue
sections.

Based on the development of molecular biology, mome diseases have been found to be
related to the gene changes, which required thaatidn of genes from human body tissues
for the purpose of diagnosis and study. As an el@mphen the clonality of lymphoma
originated from B cells has to be evaluated congar® that of previous
immunohistochemical staining, the more reliable um@globulin gene rearrangement
technique is used® In case of tuberculosis and infectious diseasesethby viruses, the
Polymerase Chain Reaction (PCR) technique is trgpuntly used diagnostic method, and the
development of diagnostic methods by applying RRR{\d real-time PCR have been made
continuously™™ ** However the commonly used technique of performR@R by using
paraffin embedded tissues after the fixation inmfalin shows a low success rate due to the

inability of conducting the Southern blotting andrthern blotting, which is caused by the



destruction of DNA and RNA by formaldehyde. Moregvéhe acquisition of amplified
product more than 400bp is difficult in case offpening PCR test® When the PCR test was
applied as the gene testing method to amplify al®@0bp of genes, the possibility to have
false positive results could be increased. Theegfthhe necessity to acquire larger PCR
products for precise diagnosis has been graduathgased.

The study of Wong et al. (1998) confirmed the clean§BRCAL in the tissue of a patient
diagnosed with ovary cancer by examining the gengations in two different slices of
paraffin embedded normal tissue after the formékation, which detected different gene
mutations between the slicE'sSuch contrary result is considered to be attritletdao the
occurrence of gene mutation during the fixationcpdure by using formalin. So, blood was
collected from two patients to examine the geneatiwuis in fixed tissue and fresh tissue,
which resulted in showing the occurrence of différgene mutations in fixed tissue compared
to the fresh tissue samples. According to the stedylts, formalin has an effect on the genes
of tissues:* *°* But the currently reported 38% of somatic mutatitrave been confirmed by
using formalin fixed tissu€e's.

For the precise molecular biology examinations stndies, the frozen tissue bank has been
used. But, the operation of the frozen tissue biankeneral hospitals has to face many
difficulties because of the difficulties to acqueaough amount of fresh tissue that could be
preserved immediately after a surgery and the diperaf the bank require large expenses
economically. Most of all, in the cases of usingRNhe RNA of tissue stored in a frozen
tissue bank is destroyed sometimes after the stoeagl the utility of the tissues is vanished.
Although the RNA preservation solution of RNA la{€iagen, Germany) has been used for
the storage, it can cause protein denaturation lwhiomn't be helpful in preserving
morphologic findings.

Even if the tissue quality does not reach to tlidtazen tissue, it is absolutely necessary to
develop new fixatives which can preserve the caluhorphology to that of live body to
satisfy a clinically required molecular biologicdiagnosis, which could be applied in the
study techniques that are helpful in conductinglgtor therapy. It can contribute not only to
the development of clinical diagnosis, study, ahdrapy, but also to the development of
biochemistry, molecular biology, and health and ic&ldndustry. Also, its industrial value is
very high since the most of fixatives used in mhogpitals and research institutions could be
replaced with it.

For that, pathologists made steady efforts to agvelew fixatives. Vicek et al.(2003)
reported the development of a fixative of UMFIX, ielh can preserve the DNA upto 450bp



and show better RNA preservation characteristioapaned to that of formalitf. Since the
major composition of the fixative is methanol, iasvfound to be safer than formalin, but the
risk of industrial hazard has not been reducedfddelet al.(2006) reported the acquirement
of satisfactory result by examining RNA with thesdacapture microdissection method onto
the previous study by preparing the RCL2 fixatit®owever, the method still based on
methanol as the UMFIX and required to preserve @t @which is uncomfortable to use in
general purposeg.Until so far, the satisfactory fixatives that daused widely in pathology
tests have not been found, and the already detlibxaives are expensive and have limited
purposes of use, which only allowed them to udeinstudies® *°

The purpose of the current study is to develop tygpas of fixatives for the rapid fixation
of tissue and to preserve the maximum morpholodindings compared to that of formalin
fixed tissues, which are safe and cheap pricedtbat can simultaneously satisfy several

special chemical staining , immunohistochemicahgtg and molecular pathologic tests.



IIl. MATERIALS AND METHODS

1. Materials

1) The study reports on fixatives have been ingastid to compare the already developed
several available fixatives, and the WONFIX whiasulted to show the most similar
morphological shape to that of formalin fixed tiesmas prepared.

2) The fresh samples that were collected from Ma@®08 during surgical operations
performed at the Wonju Christian Hospital of the njuo Medical College of Yonsei
University were subjected for the current study.

3) On February 27, 2008, the current study subdhidtestudy application to the Institutional
Review Board of the Wonju Christian Hospital of énju Medical College of Yonsei

University and acquired the approval. (CR107067)
2. Methods

1) Histomorphologic findings

Tissue was cut regularly (2cm) and fixed at thedeld 6 types fixatives (1.Frozen tissue
2.WONFIX 3.Carnoy'’s fixative 4.methacarn 5.Wolmastlution 6.formalin) and paraffin
embedded. The paraffin embedded tissue was tliadsin the thickness of 5 um, and the
H&E stained slides were distributed to 3 patholtggi® cytologists, and to 7 medical
college students to read the morphological findiofythe slides in 5 grades (A~E) without
knowing the information about the fixatives.

2) Immunohistochemical staining

The immunohistochemical staining was conducted ttoe following antigens of
carcinoembryonic antigen (CEA), pan-cytokeratin jCmentin, CD3, CD4, CD5, CD8,
CD20, CD45, estrogen receptor (ER), progesteronepter (PR), c-erbB2, p53, and -
HCG to see the expression difference between xia¢iies (Table 1).

The immunohistochemical staining was done by aitachbpum thin sliced paraffin
embedded tissue that was fixed at formalin to thating slides and dried at B0 for 2
hours. Then the paraffin was removed by 4 timesaghing with xylene for 5 minutes and
stepwisely treated with 100% alcohol for 3 minudes allowed to hold water in DW. After
washing the slides with flowing tap water and tlides were dipped in DW. The PT
module (LAB VISION, CA, U.S.A.) was filled with Thuffer (Tris-EDTA buffer pH 9.0)
and preheated. The water absorbed slides weredhbgteutting into the rack of the PT



module. After dipping in tap water for 5 minutesdammersed in DW, the perimeter of
tissue was marked with Elite PAP pen (DBS, CA, B)SThen, the slides were reacted
with a primary antibody for 1 hour and washed viiitis buffered saline plus tween 20 X
(TBST buffer), which was treated with a primaryibatly enhancer for 20 minutes and
treated with horse radish peroxidase (HRP) polyssmondary antibody (Labvision, CA,
U.S.A) for 30 minutes. After then, the slides warashed with TBST buffer and stained
with 3-amino-9-ethylcarbazole (AEC) for 10 minutaed counter stained with Mayor
hematoxylin before dipped in DW and mounted wigoluble mount medium.
3) DNA extraction and PCR

The paraffin block was sliced in 10pm of thicknessl removed the paraffin by adding
xylene and by treating with absolute alcohol. Thecpdure was repeated for 3 times and
dried. After then, the slices were stored for lhhigy immersing at 60 of warm water
after adding Mg’ free buffer and protein kinase. At the next dagytwere centrifuged at
13200 rpm and the supernatant was recovered toiracPNA and the amount was
measured. The PCR was conducted by using the Hot&tpkit (Qiagen, Germany). The
target gene sequences for PCR were listed in Tabbehich included human thromboxane
synthase gene (100bp), human recombination actiyatgene (200bp), human
promyelocytic leukemia zinc-finger gene (300bp)miam AF4 gene (400bp), human AF4
gene (600bp), human recombination active-ting géré), and human recombination
active-ting gene (1.5kb). The final volume of 2@pds acquired through the reaction by
adding 10pmol primer, 15mM Mggl 200uM dNTP, 100ng DNA, and 1U Tag DNA
polymerase. The PCR product was electrophorizest affpeating the following reaction
step for 35 times, which included initial activatistep at 9%, denaturation at 9@ for
15min, annealing at 60 for 1min, extension at 72 for 30sec, and final extension at@2
for 10min.

4) RNA extraction and real-time PCR

From the paraffin embedded tissue blocks which Viigesl by using different fixatives,
RNA was extracted and the comparison for the etdchamount and quality of RNA was
made.

The paraffin blocks were sliced in the thicknessl®fim and RNA was separated by
using the RNA RNeasy Mini kit (Qiagen, Germany).eT¢toncentration of the extracted
RNA was measured at 260nm by using a spectropha¢ontBio-Rad, CA, U.S.A.)). The
separated RNA was used to synthesize cDNA by usiadlst Strand cDNA Synthesis Kit



(Roche, Germany). If the amount of RNA was smal, toncentration was measured after
synthesizing cDNA. The real-time PCR for the systhed cDNA was performed by using
the Quantitect SYBR Green PCR kit (Qiagen, Germa8Y)BR green HotStart Tag DNA
polymerase, HotStart Tag PCR reaction buffer, 25mdcl,, p-actin primer (primer
sequence: 5-TAAGCGCGG CTACTT-3' and 5-TCCT TAATGRCGCACGATTT-3),
dNTP, and DW were mixed to formulate the final teatvolume of 25ul for the reaction.
The following reaction step, which included PCRiikdiactivation step at 96 for 15min,
denaturation at 98 for 20sec, annealing at &for 30sec, and extension atCZor 30sec
was repeated for 45 times to compare the amoumiRifA.

5) Microdissection

RNA was extracted from 1000 cells that were acaguing conducting microdissection of
frozen tissue, WONFIX, and formalin fixed tissueprform real-time PCR and the amount
and quality of RNA were compared by using the ntbagshold cycle number (CT).

The WONFIX fixed paraffin embedded tissue and fdimiixed tissue were sliced in the
thickness of 5um and removed the moisture by pipatra slide dryer. After then, paraffin
was removed by treating with xylene for 3 minutes 3 times and sequentially dipped in
100%, 95%, 92%, and 80% alcohols, and DEPC dilitéd for 1 minute to remove the
xylene, and the RNase was removed by dipping irE® O solution for 1 minute for twice,
and dipped in eosin for 1 minute for staining. ™iained slides were dipped into 95%
alcohol for 30 seconds, dipped twice into 100% ldt¢dor 30 seconds, and dipped into
xylene for 1 minute for 3 times to finish the siagn The fresh tissue stored at the tissue
bank was placed on a slide and dried at a drygentove the moisture, and the above
described staining procedure was repeated. Theestalides were mounted on an optical
microscope and the lesiongithout having necrosis or inflammation were seddcto
separate approximately 1000 tumor cells. The cte¢umor cells were placed in a tube
and RNA was extracted by using the PicoPure RNAaigm kit (ARCTURUS, CA,
U.S.A). The extracted RNA was used for the syntheé cDNA by using the 1st Strand
cDNA Synthesis Kit (Roche, Germany) and the reaktPCR fof3-actin was progressed to
compare the mean CT values.

6) Protein and Western blot analysis

After extracting protein from the tissue blocksefikat each fixative, the quality of 3-
actin protein was compared by using the Westerndvlalysis.

Onto the fixed tissue, 1x SDS sample buffer (50miMiathreitol (DTT), 2% w/v SDS,
62.5mM Tris-HCI (pH 6.8, 2%®), 10% glycerol, and 0.01%w/v bromophenol blue) was



added and the tube was placed in a vessel filltlieg and the viscosity of the sample was
reduced by breaking down the tissue sample witbradgenizer for 15~20 seconds. After
then, the sample preparation was heated @ fif 10 minutes and cooled down by placing
at the top of ice. The cooled sample was microdfaged at the speed of 13200 rpm to
extract the proteins, and transferred after pefiiogn$DS-PAGE. Transfer method observed
the following protocol which initially balanced tredectrophorized gel with 50ml transfer
solution (25mM Tris-Cl, pH8.3, 1.4% glycine, 20% thmenol) for 10 minutes, and the
immobilion-P membrane (Millipore, Bedford, MA, U&) was cut in appropriate size to
place it in methanol solution for 2 minutes andnti®mersed in a buffer solution for 10
minutes. After the procedure, the Western blot etssswvas placed in a vessel that filled
with the transfer buffer solution, and 2 sheets daicrosponge and Whatman 3mm
filterpaper soaked with the transfer buffer solntiwere placed on top of the cassette. The
balanced gel with the transfer buffer solution wasefully placed on the whatman 3mm
filter paper avoiding the formation of air bubbl&mn the top, 2 sheets of gel filter paper and
Dacron sponge were mounted. After fixing the casserefully by avoiding the formation
of air bubbles, the clips at both sides of the etisavere tightly secured. The cassette was
transferred into a blotting chamber and the transidfer solution was added to the marked
position to fully immerse the membrane inside & tassette, and facilitated the electrodes
to adjust the membrane side to be the anode argldgeto be the cathode. The transfer was
conducted at 100mA for 90 minutes. After finishihg transfer, the transfer state of protein
into membrane was confirmed by using the Ponceasol8tion (Ponceau S 0.2g,
Trichloroacetic acid 3g, Sulfosalicylic acid 3g)fdwe performing immunohistochemical
stainings.

The immunohistochemical procedure could be listethdelow. The protein transferred
membrane was immersed and stirred in TBST solufi@mM Tris-Cl, pH8.0, 150mM
NaCl, 0.05% Tween20) containing 1% bovine serumumib and placed at room
temperature for 1 hour to block the unattached silanembrane with protein. After
removing the buffer solution that was used for kiog, the membrane was washed with
TBST buffer solution 3 times for 10 minutes. 10nfl101000 antiserum solution diluted
with TBST buffer solution for the primary antibo@y p-actin (Cell signaling technology,
MA, U.S.A)) was added and placed &t 4or 3 hours to bind with the primary antibodies
transferred onto the membrane. After removing tméisarum dilution solution, the
membrane was washed thrice with TBST buffer sotutay 10 minutes, and the occurrence

of antibody-antigen reaction was confirmed by dtiag the secondary antibody of anti-



rabbit 1gG horseradish-peroxidase (HRP) (NOVUS, Q@0$.A.) that was diluted with
TBST buffer solution in 1:1000. After then, the ntmane was washed thrice with 15ml of
TBST buffer solution for 10 minutes and reactedhwilm by using development and
fixation solutions.
7) Statistical analysis

The amount of DNA and RNA extracted from freshuessand from different fixatives
was evaluated to confirm significance of the DNAdaRNA amounts extracted from
WONFIX to the other results acquired by using otfigatives by using the Wilcoxon
signed rank test (SPSS 12.0, Chicago, U.S.A.) hedstatistical significance was set as
0.05.

10



Tablel. Characteristics of primary antibodies for immunohistochemical staining.

Target
Antibody Clone protein Dilution Source Site
(kDa)
CEA Col-1 55 1:1000 ﬁ])::med Laboratories Colon cancer
Pan-CK AE1/AE3 65-67 1:500 Dako mucosal epithelium of
gallbladder
Vimentin V9 57 1:500 Dako mesenchymum of gallblader
CD3 F4,2,38 16~28 1:200 NeoMarkers T-cell
CD4 4B12 59 1:50 Thermo T-cell
CD5 4C7 67 1:200 Novo castra Thymocyte
CDS8 SP16 32 1:500 Dako T-cell
CD20 L26 33 1:500 Thermo B-cell
CD45 PD7/26 180 1:500 Dako Leukocyte
ER SP1 67 1:400 Thermo Leukocyte
PR SP2 412~526 1:500 Thermo Breast carcinoma
cerbB2 SP3 185 1:500 Thermo Breast carcinoma
p53 DO7 53 1:500 NeoMarkers Colon cancer
R-HCG CG04+CG05 22 1:100 NeoMarkers Placenta

11



Table. 2. DNA primer sequencesfor polymerase chain reaction.

Forward Reverse
100 bp GCC CGA CAT TCT GCA AGT CC GGT GTT GCC GGBBGGT T
200 bp TGT TGA CTC GAT CCACCC CA TGA GCT GCA AGTTG GCT GAA
300 bp TGC GAT GTG GTC ATC ATG GTG CGT GTC ATT GT&GIC TGA GGC
400 bp CCG CAG CAAGCAACG AACC GCTTTCCTC TGG G&ETC C
600 bp GGA GCA GCATTC CAT CCAGC CAT CCA TGG GCGA CAT AA
1Kb TGT TGA CTC GAT CCACCC CA ATC TGT CTC CCT GTATG GC

1.5Kb TGT TGA CTC GAT CCACCC CA GTCTCGTGG TCAAG TCATC

12



llIl. RESULTS

1. Morphological evaluation of fixed tissues

The fixed gallbladder tissues were used to preplides and examined under the optical
microscope. The WONFIX fixed tissue and the tisBwed by Wolman's solution resulted
to show very similar pattern to that of formalimdathe tissues fixed by Carnoy'’s fixative
and by methacarn showed excessive dehydratiorcthested the contraction of the tissues
and revealed excessive staining pattern (FiguréVhen colon cancer tissue was fixed at
different types of fixatives, the morphological dings of the tissue fixed at WONFIX
resulted to show the most similar morphologicakgratto that fixed at formalin, and the
tissue fixed at methacarn revealed the contracidissue due to excessive dehydration and
stained excessively in red color (Figure 2). Whee tl2 participants evaluated the
morphological findings, the result mostly showeeé tbllowing grading pattern that the
formalin fixed tissue was graded with A (best), tissues fixed by WONFIX and Wolman’s
solution were graded with B, the tissue fixed bythmearn was graded with C, and the

tissue acquired from frozen tissue section was Ingsaded with E (worst) (Table 3).

2. Evaluation of immunohistochemical staining

For the fresh tissue and the tissues fixed at terdifit fixatives were tested for the
immunohistochemical staining for CEA, pan-cytokeratimentin, CD3, CD4, CD5, CDS8,
CD20, CD45, estrogen receptor, progesterone recepterbB2, p53, and R-HCG. The
staining results of the tissue fixed at WONFIX diot show significant difference between
positives and negatives in case of staining was don CEA, pan-cytokeratin, vimentin,
progesterone receptor, c-erbB2, and for p53. Howehe strongest staining intensity was
observed from the tissue fixed at WONFIX by showthg similar intensity to that of
formalin (Figure 3, 4). The staining intensity 6D3, CD4, CD5, CD8, CD20, and CD45
resulted with the lower intensity than those reswtquired by formalin fixation. The
expression for ER and B-HCG resulted with the featisry staining by formalin fixation,

but the tissues fixed at the rest of the fixativame up with the negative results.
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3. DNA analysis

After extracting DNA from frozen tissue and fronettissues fixed at 5 different fixatives,
each extracted amount of DNA was compared. The nidéA extraction value in fresh
tissue resulted with 659.8+15.5 pg/ml, WONFIX fixédsue resulted with 920.4+57.5
png/ml, the tissues fixed at Carnoy’s fixative résdlwith 464.4+34.0 pg/ml, methacarn
fixed tissue resulted with 723.7+108.8 pg/ml, Wotrsasolution fixed tissue resulted with
482.5+60.6 pg/ml, and formalin fixed tissue resiiéth 416.9+54.8 pg/ml by showing the
largest extraction amount of DNA when tissue wasdiby WONFIX (p<0.05) (Figure 5).
The largest amount of DNA was preserved in freseue, which was followed by the
tissues fixed by WONFIX and Wolman'’s solution (Fig). PCR was performed by using
the extracted DNA, which enabled to progress tlaetien upto 1.5 kb when the DNA
extraction was progressed with fresh tissue, arith Wie tissues fixed at WONFIX or
Wolman'’s solution. However, the DNA extracted froissue, fixed at formalin resulted to

show only the band at the size of 300bp (Figure 7).

4. RNA analysis

After extracting RNA from the tissues fixed at difént types of fixatives, the mean
extracted amount of RNA was compared. The fresudigesulted with 319.4+32.6 pg/ml,
WONFIX fixed tissue resulted with 229.1+73.5 pg/thie tissue fixed at Carnoy’s fixative
resulted with 213.4+76.6 pg/ml, the methacarn fitissue resulted with 246.4+32.2 pg/ml,
the Wolman’s solution fixed tissue resulted wittO3%54.3 pg/ml, and the formalin fixed
tissue resulted with 96.8+20.0 pg/ml. The largeNtARextraction was available when the
tissue was fixed at Wolman’s solution, and theutséxed at WONFIX enabled to acquire
the fourth largest amount of RNA (Figure 8). Theoaimt of RNA extraction made by using
the WONFIX fixed tissue was compared to the amothms were extracted from different
fixatives. When the fixation was made by using WO Rhe amount of extracted RNA
was significantly larger than that was extracteshfrthe tissue fixed at formalin (p<0.05).
The mean CT values acquired by conducting real-ff@&R by using the extracted RNA
recorded 11.3+1.7 for fresh tissue, 12.3+2.7 fertibsue fixed at WONFIX, and 24.0+1.2
for the tissue fixed at formalin. The result shoveat the tissue fixed at WONFIX resulted

to show nearly similar CT value to that was recdrde using frozen tissue (Figure 9).
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5. Microdissection and real-time PCR

Approximately 1000 cells were collected from thesh tissues of colon cancer, thymus,
and liver along with the tissues fixed at WONFIXddnrmalin to extract the RNA and real-
time PCR was performed. The mean CT value of ftisslie recorded 19.4+4.2, WONFIX
fixed tissue recorded 23.2+2.5, and the formalixedi tissue recorded 30.6+4.2. The
WONFIX fixed tissue resulted with lower CT valueaththat was acquired by the tissue

fixed at formalin (Figure 10).

6. Protein analysis

The proteins extracted from the tissues by usifigréint fixatives were tested for the
staining with Coomassie brilliant blue, which rasdl with the largest amount in fresh
tissue, and followed by WONFIX fixed tissue, andurhg no extraction was observed in the
tissue fixed at formalin (Figure 11). By using tkgtracted protein, the Western blot
analysis was performed for 3-actin and the probeind was most distinctively observed
from the fresh tissue, followed by WONFIX, and Walm's solution (Figure 12).
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Fig.1. Morphology of gallbladder mucosa tissue. &400) A.Frozen B. WONFIX C.Carnoy’s fixative Dlethacarn
E. Wolman’s solution F. Formalin
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Fig.2. Morphology of colon cancer. (H&E, X400) Adzen B. WONFIX C.Carnoy’s fixative
D. Methacarn E. Wolman'’s solution F. Formalin
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Table. 3. Morphological evaluation of fixed tissues

Frozen = WONFIX Carnoy's fixative  Methacarn Wolman's solution  Fdima
A 0 2 1 2 1 5
B 0 8 6 2 8 5
C 0 2 2 7 3 1
D 4 0 3 1 0 1
E 8 0 0 0 0 0
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Fig.3. Immunohistochemical staining (CK) of galithéler mucosa tissue. (X400) A.Frozen B. WONFIX

C.Carnoy'’s fixative D. Methacarn E. Wolman’s sabutiF. Formalin
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Fig.4. Immunohistochemical staining (CEA) of coltancer. (X400) A.Frozen B.WONFIX C.Carnoy'’s fixaiv
D. Methacarn E.Wolman’s solution F. Formalin

20



1200

1000

800

600 -
400
200 — I
0 -
1 2 3 4 5 6

Fig.5. DNA concentration measurement results afkéracting from the different fixatives.
1) Frozen tissue (659.8+15.5 pg/ml) 2) WONFIX (2€57.5 pg/ml) 3) Carnoy'’s fixative
(464.4+34.0 pg/ml) 4) Methacarn (723.7+108.8 pg/M)lWolman's solution (482.5+60.6
pa/ml) 6) Formalin (416.9+54.8 pg/ml)

(ng/ml)
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Fig.6. Agarose gel electrophoresis of DNA isolafedin the normal human gallbladder
mucosa tissue. 1) Frozen tissue 2) WONFIX 3) Cdsnfiyative 4) Methacarn 5) Wolman’s

solution 6) Formalin
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Fig.7. Results of DNA PCR on paraffin embedded r@riuman ovary samples fixed at
different fixatives. 1) Frozen tissue 2) WONFIX 8arnoy's fixative 4) Methacarn 5)

Wolman'’s solution 6) Formalin
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Fig.8. RNA concentration measurement results &éracting from the different fixatives. 1)
Frozen tissue (319.4+32.6 pg/ml) 2) WONFIX (2293567 pg/ml) 3) Carnoy’s fixative
(213.4£76.6 pg/ml) 4) Methacarn (246.4+32.2 ug/&)) Wolman’s solution (349.4+54.3
png/ml) 6) Formalin (96.8+20.0 pg/ml)
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Fig.9. Mean CT value of real-time PCR on paraffmbedded normal human thyroid gland
samples fixed at different fixatives. 1) Frozerstis (11.29+1.70) 2) WONFIX (12.34+2.72)
3) Carnoy’s fixative (17.9245.75) 4) Methacarn @2#4.71) 5) Wolman's solution
(12.64+0.93) 6) Formalin (24.04+1.23)
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Fig.10. Mean CT values of real-time PCR from midéssdcted tissue with three different
fixatives. 1) Frozen tissue (19.44+4.20), 2) WONKP8.16+2.48), 6) Formalin (30.59+4.16)
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Fig.11. Coomassie brilliant blue staining of tgpabtein isolated from the normal human
ovary tissue. 1) Frozen tissue 2) WONFIX 3) CaradiXative 4) Methacarn 5) Wolman'’s

solution 6) Formalin
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Fig.12. Results of Western blot of paraffin-embeatidermal human thyroid gland samples
fixed at different fixatives. 1) Frozen tissue 2ONFIX 3) Carnoy’s fixative 4) Methacarn 5)

Wolman'’s solution 6) Formalin
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V. DISCUSSION

The commonly used basic fixative of formalin is tacinogen that can cause cancer when
contacted for long term, and has the stimulatingtily. So, it is not appropriate in industrial
environment. Although Glacial acetic acid couldaggled into the list of fixatives by showing
the similar morphological findings as the formalits, strong volatility that causes unpleasant
feeling is the disadvantage of it. In case of dabflorm, it has corrosiveness and more
importantly, act as the risk factor that can caiv@r toxicity when it was contacted for long
time. However, since WONFIX is the alcohol seriesative based on ethanol and other
additives have no toxicity, it is the safe fixatitbat does not cause environmental
contaminations or industrial hazards. In additisimce it does not require special treatment
steps for the fixation, it is the fixative that da@ easily used in general laboratories.

For centuries, researchers have been attemptethdotlie alternatives of formalin by
accepting the fact that it can cause protein degéine and becomes the risk by itself, and
alcoholic fixatives or the fixatives based on zifigative have been suggested as the
alternatives: ?° Unlike formalin, ethanol does not form cross ligka during the fixation
procedure and only removes the water surroundirgy dlotein to preserve the three-
dimensional morphology and function of the protdihe chemical molecules included in the
fixative and the water molecules surrounding thetgin exchange each other to fulfill the
purpose of the fixation, and the functions of salenzymes including proteinases are
inactivated within a shortest time. However, sitice increase of alcohol concentration can
cause stronger dehydration effect along with setisseie hardening, it is important to adjust
the alcohol concentration appropriat€iyin the preparation of cytologic specimens, 50%
ethanol is the most widely used at the prefixatainlyophilic samples, which allows to
preserve the samples without degradation for sewengs or for several months in case by
case<? But since most of cytologic samples are lyophstanples, such as sputum, urine, and
body cavity fluids, the protein in the samples @agulated and precipitated when the alcohol
concentration exceeds more than 50%, and the rafisforms into globular type and
chromatin tends to be concentrated. In the tisgxatidn, there are many disputes on the
appropriate alcohol concentration. Warmington g2800) reported that excellent cytologic
findings could be found when the alcohol conceigratwas adjusted as 60% when the
ethanol-based fixative F13 (60% ethanol+ 20% mathaiY% polyethylene glycol) was
used? Gillespie et al.(2002) compared the results afusfixation by using alcohol fixatives

at several different alcohol concentrations and résults of using aldehyde fixatives, and
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reported that 70% of alcohol fixatives resultedstmw the most similar findings as that of
formalin®

Beckstead et al.(1994) reported that zinc-baseatifi® can preserve the good reactivity at
the time of immune staining since it maintains gaodrphology without promoting cross-
linking or coagulatiorf* Wester et al.(2003) reported the contributioninEbased fixative in
the preservation of DNA in some level, but only leled to preserve upto 792Bhe author
also conducted many experiments by using the zged fixative (data not shown). However,
the zinc based fixative allowed to have similar pimiogical shape to that could be found by
using formalin by requiring short time for the fiian, but showed a disadvantage of causing
tissue decomposition due to the lack of tissuetifixacapacity.

At the current study, the morphology of tissue dixer 6 hours, 24 hours, 48 hours, 72
hours, and 144 hours (6 days) has been comparedWIDNFIX fixed tissue resulted to show
no significant difference to that was fixed at falin and well preserved without tissue
decomposition (data not shown). It seems necedsahave further studies regard on the
stability of fixed tissue for long time in a future

By employing the immunohistochemical staining methiorelevant antibodies have been
used to verify the origin or to make a diagnosiaaf easily differentiated tumors, lymphoma,
and neuroendocrine tumors and the tumors develapadft tissues, such as adipose tissue,
fibrous tissue, smooth muscle, and skeletal mustcleln case of breast cancer, the scoring is
made based on the staining intensity and distobutiafter performing the
immunohistochemical staining for c-erbB2, and tlerescent in situ hybridization (FISH) is
recommended in case of the scoring is 1+ or 2+irguthe procedure, it is doubtful that
whether the molecular biological state of the fdiméixed tissue could show the same tissue
quality as that of fresh tissd& 227 Shi SR et al.(2008) reported the staining intgnaitd
distribution of immunohistochemical staining by ngitissues fixed at various fixativés.
When acetone and formalin fixatives were compaBfi¥p of antibodies came up with a
different staining result and 31% of antibody esgsien showed better expression
characteristics in acetone than alcohol fixatf’eSuch results indicate that different fixatives
can have different influences on the results. Therremt study performed
immunohistochemical staining for 14 types of anties by using the tissues fixed at different
fixatives. Similar to the antibody expression ofnfialin fixed tissue, the WONFIX fixed
tissue showed the expression of most of antibodibs. staining intensity of WONFIX was
observed to be stronger than the tissues fixedhat dypes of fixatives and showed the same

pattern to that of formalin fixed tissue. Howewbe staining intensity for ER and 3-HCG was
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found to be negative other than the formalin fixedue. This could be attributable to the
following facts that the antibodies have been dgwed based on formalin or the immune
response capacity was lowered by the delay ofifiraprocedures. The reading results of
immunohistochemical staining are used in therapy pnognosis as well as in diagnosis. As
the current study result shows, the tissues fixadifferent fixatives revealed to show contrary
expression and intensity characteristics in sontbaalies. For that part, it is considered to be
necessary to conduct further studies to set thedatdized staining method or reading
parameter regard on immunohistochemical staining.

With the rapid development of molecular biologitathniques, the pathology studies that
were limited to make diagnosis based on microscopgervations have been improved to
make differentiated diagnosis of a disease by adgptarious molecular biological study
techniques, and it plays an important role in pong information for the treatment and
prognosis of a patient. As an example, the moleditzogical techniques of FISH and PCR
could be applied for the diagnosis of breast caasewell as immunohistochemical staining
method to deliver therapeutic protocols and infdfamato clinician®® To adopt such study
techniques, the development of ideal fixatives Whigll not destroy DNA, RNA, and protein
of a tissue is the prerequisite of the study. Tisgue fixed at WONFIX enabled to preserve
DNA upto 1.5kb when PCR was performed.

Compared to DNA, RNA is more easily destroyed. aithh there have been cases that
performed RT-PCR by using the RNA extraction aceglifrom paraffin embedded formalin
fixed tissue. The amplification is difficult due tbe destruction of RNA. In some studies, the
addition of ethylenediamine-4N’-tetraacetic aciddomalin has been reported to improve the
quality of RNA® But the degradation of RNA is still remained afsiadamentally unsolved
problem. For that matter, several solutions havenlsiggested, and the currently used tactic
is to preserve it by using a RNA preservation sotut Although it is advantageous in the
preservation of RNA, it causes a severe cytomongiol deformation which is
disadvantageous for diagnosis. Therefore, it hatate many limitations in the study of
comparing the molecular biological differences oégancerous and cancerous lesions by
using microdissection techniqf&® The current study fixed colon cancer, thymus, et
tissues in WONFIX and paraffin embedded before aeotidg microdissection for RNA
extraction to perform real-time PCR, which resultgith CT value of 23.2. Although the
value was larger than the CT value of 19.4 in freslue, it was smaller than the CT value of
formalin that resulted with 30.6. It indicates thhé tissues fixed at WONFIX can preserve

enough RNA necessary for further studies and muttebmorphological findings could be
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observed than the staining of fresh tissues. Bec®W®NFIX can achieve good preservation
of RNA while having a good morphology of tissudsitonsidered to be an ideal fixative from
the perspectives which enables to conduct relestadies.

Not only as the constituent of a living body, piotearries out all of physiological functions
and becomes the target of drug action and actsherdévelopment of a disease. But the
expression of MRNA alone could not precisely prediprotein, and the gene sequence alone
could not tell a protein deformation. For that regtthe studies that evaluate the phenomenon
caused by genes and the phenomenon caused by enidtgpigenic factors have been
performed along with the studies that evaluated pfetein expression difference between
normal tissue and diseased tisdi@hese study approaches have been employed insdisea
diagnosis and in the development of therapeutiatagéut the approaches have to face many
limitations when the study was performed by usirgl tissues since it could not distinguish
normal lesion from cancerous lesion. Therefore, fthation in a fixative which can well
preserve the constituents of a tissue before thaffpaformatting could be an advantage in
the protein studies.

When reviewing the research techniques of protéiastern blot analysis and Enzyme-
Linked Immunosorbent Assay (ELISA) techniques cduddlisted, but the protein extraction
from the currently used formalin fixed tissue wasamy impossible and the above listed
techniques were not able to perform by using fiefiixed tissues. But the protein quality
extracted from the tissue fixed at WONFIX was nobd enough to the quality extracted from
fresh tissue, but the performance of Western htatysis forp-actin revealed to show nearly
the same pattern to that of fresh tissue from 8peet of amount and quality of the protein.
This indicates that WONFIX have small or no effeots the structural change of protein.
When the WONFIX fixative was used, the operationtisbue bank for the purpose of
preparing blocks and storing the blocks is not ededlring a regular pathological laboratory,
which can save human resources and can be hetpdidease studies.

Conclusively, WONFIX is an excellent helpful fixegi not only in the field of clinical
diagnosis, but also in the molecular biologicaldsts. Especially, excellent effects could be
expected than other fixatives in the field of stdy RNA by using microdissection or
studying proteins. In a future, additional studiese to be done to confirm the stability of
biomolecules in WONFIX fixed paraffin block longrte after the fixation. Furthermore, the

study for the presence of gene mutation is consti&y be necessary.
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V. CONCLUSION

WONFIX is the ethanol based fixative in alcohokgiss. It is the environment friendly safe
fixative since its additives does not contain hematals without having toxicity. In addition,
WONFIX can maintain better morphology than otherafives and it even satisfies the
requirements of the molecular pathology tests fNIMDRNA, and protein used in the field of
pathologic diagnosis.
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