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Abstract: The breas t cancer–related changes  in the molecular organic and inorganic compos itions  were

in v e s t ig a ted by Fourier Transform Infrared (FTIR) and atomic absorption (AA) spectroscopy

techniques . Surgically excised human breas t cancer specimens  from fifty fe ma le  patients  aged from

26– 74 years  old were analyzed (in parallel with normal tis sues  obtained from the specimens) and

diagnosed 50 normal (N), 9 fib ro c ys tic changes  (F), 11 invas ive lobular carcinoma (ILC) and 30

invas ive duc t  c a rc inoma (IDC). The quantitative analys is  of the deconvoluted FTIR spectra for (ILC)

and (IDC) groups  showed remarkable dec re a s e  in the lipid/protein and collagen/protein ratios . The

rates  of decrease in the former ratio were 16. 76 %  a n d  32.94 % and those of the latter ratio were

9.3 % and 19.76 % for ILC and IDC, respectively. On the other hand, the F group had  pronounced

increase in lipid/protein ratio (26.58%) and less  increase  ra t e  in  collagen/protein ratio (8.13%). The

nu c le ic  a c id/collagen ratio showed rates  of increase for F (7.92%), ILC (11.88%) and IDC (17.82%)

groups . Irrespect iv e  t o  t h e carcinoma type (ILC or IDC), grade III of malignancy showed much more

rates  of change in lipid/protein (-39.30%), collagen/protein (-27.90%) and nucleic acid/collagen

(+12.87%) than their corresponding values  of gra d e  II, -15.60%, -11.62% and +5.94%, respectively.

FTIR inorganic results  showed calcifications  of type Ð (calcium phosphate) with three different

s tructures  namely are; carbonate-bearing apatite, carbonate-free apatite and pyrophosphates . The AA

analys is  s h o we d  higher calcium concentration in malignant samples  in comparison with the normal

ones . In con c lu s io n, the spectroscopic results  are in good concordance with the his topathological

evaluation. Therefore, the IR analys is  is  likely to characterize the molecular abnormalities  in  b re a s t

tis sues  to the order of carcinoma grades  and identifying the microcalcification type. 
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INTRODUCTION

The cancer of the breas t is  cons idered as  one of the mos t leading fe ma le  c a n cers  in the world. The mos t

widely used screening method, mammography, has  serious  drawbacks  such as , the high rate of false results

a n d  t h e  exposure of the patient to repeated dose of ionizing radiation. The gold s tandard of diagno s is ,

his topathology, is  time consuming and often prone to subjective in t e rp re t ations  (Ng et al. 2008, Murali et al.

2008).

Recently, many developments  have been performed to allow a highly sens itiv e  a n d  s p ecific diagnos is  to

be obtained within seconds , allowing guid e d  b io p s ie s  and therapies  during a s ingle procedure (Fabian et al.

2006, Chiriboga et al. 2000, Andrus  et al. 1998). FTIR spectrosc o p y  is  a  non invas ive analytical technique

which provides  information about the molecular composition and s tructure  o f t he examined sample (Ooi et al.

2008).

Tissue spectroscopy for various  diseases  has  made rapid s trides  in me t hodology and technology, with

promis ing results  for the de t e c t io n of cancers  (Cohenford and Rigas  1998, Bohor Foush et al. 1996). There

are many s tudies  carried out on natural hard and soft tissues  us ing FT IR s p e ctroscopy to contribute in

enhancing the early detection rate of cancer (Bad a r a n d  Ha ssab Elnaby 2007, Li et al. 2006, Romeo and Diem

2005). 
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Fan et al. (2004) s tudied the d e c o n v o lu t e d FTIR spectra of normal, benign and cancerous  breas t tis sues

and found that they were different in cons titution and content of protein, nucleic acid and sugar. Their results

also indicated that the content of collagen an d  n u cleic acid increased obvious ly in cancerous  tis sues . Fujioka

et al. (2004) s tudied the IR absorption spectra of the gastric cance r a n d  n o rma l t is sues  and found 10 bands

discriminating between normal and malignant tissues  in the spectral range (1660–925c m ). The absorption in-1

these 10 bands  was  greater in the malignant tis sues  than in the normal tis sues . Eikje et al.  (2005) showed that

IR and Ra ma n  s p ectroscopy have the potential in characterizing and discriminating tumor skin and dysplas tic

skin tis sue from normal skin tis sue.

Liu et al. (2006) used synchrotron radiation based FTIR absorption spectroscopy in discrimination of

normal, benign, malignant breas t tis sues . The whole IR absorption spectrum in the energ y  ra n ge of

900–3600cm  was  analyzed carefully. They found some specific absorption peaks  which may help to diagnose-1

whether the breas t tis sue is  healthy or diseased, or in which s tage of progress ion to cancers .

Zeng et al. (2007) used FTIR spectroscopy in the characterization of normal, benign and malignant thyroid

tissues . They observed the presence of shift in amide I band to lower wavenumber while amide II band shifted

to higher wavenumber and the ratios  of peaks in t e n s it ie s  of 1640/1460 and 1640/1550 were raised up in, 

malignant than normal . The authors  conclude d  t hat the amount of the secondary s tructure of the protein and

also the amounts  of nucleic acid had increased in the malignant tis sues .

Calc ific a t io n s  o ccur in 30–50% of breas t cancers  and cons titute one of the mos t important diagnos tic

markers  of both benign and malignant les ions . These calcifications  can be recorded by mammography wit h out

identification to either type ² or type Ð calcification (Morgan et al. 2005). Type ² calcification (calcium

oxalate) may be due to the product of an active cellular process  while, type Ð calcification (calcium phosphate)

is  due to cellular degradation (Surratt et al. 1991).

Lagier a n d  Ba ud (2003) demons trated the presence of magnes ium orthophosphate, whitlockite, which

occurs  in phys iological or pathological condition s  a t  e xt ra  o r intra tis sular s ites , mainly in tis sues  of non-

epithelial origin by X-ray or electron diffraction  p a t t e rn s . Olin et al.( 2001) used X–ray diffraction to examine

one of the mos t rare benign tumor types  exis ted in parotid gland and the s tudy revealed that the crys tals  found

in this  region was  calcium pyrophosphate dehydrate.

In order to develop a reliable tool for tumo r d iagnos is , more research and large multicenter trials  are

necessary to demons trate the efficiency and usefulness  of these new tools  (Sahu and Mordechai 2005). In this

s tudy, FTIR spectroscopy was  adopted to detect the breas t carcinoma-induced changes  in the mole c u la r

s tructure and compos ition, and to identify the different carcinoma grades  and microcalcification types . 

MATERIALS AND METHODS

Fixed normal and malignant breas t tis sue specimens were obtained after mastectomy for 50 female patients

aged from 26 to 75 years  old with different typ e s  and grades of malignancy. All gross ly neoplas tic samples

were analyzed in parallel with normal tis sues  obt a in e d from the specimens  and located at leas t 1cm away from

the neoplas tic tissue. Breas t tissue was  obtained from patients  who were  u n d e rg o in g  surgical breas t biopsy,

reduction mammoplas ties , and modified radical mastectomy with complete dissection of axillary ly mp h  n o d e s ,

lumpectomy o r s imple mas tectomy without axillary dissection. All were selected from Pathology Department,

Ka s r El Aini Hospital, Cairo Univers ity. Specimens  were marked with India ink to indicate the region samp le d ,

fixed in formalin, ro u t in e ly processed, paraffin-embedded, and sectioned through the marked locations  at 5μm

thickness  and s tained with hematoxylin and eos in. The his tolo g ical s lides  were examined by an experienced

pathologis t who was  blinded to the outcome of the FTIR Spectroscopy analys is . The his topathological analys is

diagnosed 50 normal (N), 9 fibrocys tic changes  (F), 11 invas ive lobu la r c a rc in oma (ILC) and 30 invas ive duct

carcinoma (IDC) as  s h o wn  in  F ig . (1). Formalin–free tis sue samples  were lyophilized and pulverized into

homogenous  fine powder and analyzed by a Jasco 430 spectrophoto me t e r us ing KBr disc technique in the

absorbance mode at resolution 4cm .-1

In order to get rid of all organic cons tit u e n t s  a n d  obtain pure inorganic cons tituents , the tis sue samples

were burnt off at 600ºC for th re e  hours  until cons tant weight of the ash was  obtained. FTIR spectra were also

recorded for the n o rma l and malignant ashed samples . Calcium level in the ash of normal and malignant

samples  was  measured by atomic absorption spectroscopy. All samples  in all groups  were analyzed and the

subsequent measurements  were done in three replicates .
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Fig. 1: (a ) n o rmal breas t tis sue (H&E X100), (b) fibrocys tic changes  (H&E X100), (c) invas ive lob u la r

carcinoma (H&E X40)  and (d) invas ive duct carcinoma (H&E X 100).

RESULTS AND DISCUSSION

FTIR Qualitative Analysis:

The FTIR spectra recorded  fo r N, F , ILC and IDC groups  are illus trated in Fig. (2). The spectra reveal

dramatic changes  in the peaks ' heights  but with no shift in t h e frequency. Over the spectral range,

4000–2000cm , there are two absorp t io n  peaks  at 2925 and 2854cm  and an ill–defined one at 2952cm  due-1 -1 -1

2 3to asymmetric and symmetric s tretching vibrations  of CH and a symmetric s tret c hing vibration of CH ,

respectively (Gao and Yunxiang 1999). The s t re t c h in g  v ib ration s temming from es ter linkage of the fatty acid

tail and triglyceride polar head group of lipids  appears  at 1745 cm  (Diem et a l . 1999, Gao and Yunxiang-1

1999). T h e  s t retching vibration of C=O of amide É and N–H in–phase bending are represented by an overla p

a b s o rp t io n  band at 1657cm , which is  characterized by á–helix secondary s tructure of proteins  (Yu  et a l .-1

2005, Liu et al. 2006, Eckel et al. 2001). â-sheet secondary s tructure of amide Ï of p ro t e in  appears  at 1545cm-

 (Sahu and Mordechai 2005, Yu  et al. 2005,  Liu et al. 2006). The peak at 1240cm ass igned to asymmetric1 -1 

as 2phosphodies ter s tretching vibration of nucleic acids  õ  (PO ) (La gier and Baud 2003, Gao and Yunxiang-

1999).         

The conventional FTIR spectra are deconvoluted mathematically by a program p rovided with Jasco

spectrophotometer and are shown in Fig. (3). The deconvolution process  inves tigates  the overlapping absorption

peaks . New absorption peaks  which revealed by deconvolution have a diagnos tic marker. Anti parallel â–sheet

secondary s tructure of p ro t e ins  is  demons trated by the absorption peak at 1695cm  while, the random turn-1

secondary s t ru c t u re  o f proteins  is  demons trated by peak at 1680cm . Parallel â–sheet secondary s tructure of-1

amide É of proteins  can be fo u n d  n e ar 1635 cm . Peak near 1553cm  determines  á–helical secondary s tructure-1 -1

of amide Ð of protein (Yu G et al. 2005). There are two peaks  at 1204 and 1278 cm can be attributed to-1

 2a mid e  Ø/CH  wagging vibrations  of collagen (Yu et al. 2005, Gao and Yunxiang 1999). Peak near 1149cm-1

demons trates  glycogen molecule (Yu et al. 2005). These results  are in agreement with those re p o rt e d  b y  Liu

et al. (2006) who found some specific absorption peaks  in the range 900-3600cm  that may help differentiating-1

between healthy and diseased breas t tis sue and in which s tage of cancer progress ion. 
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Fig. 2: The conventional FTIR spectra for normal (N) fibrocy s t ic  changes  (F) invas ive lobular carcinoma

(ILC) and invas ive duct carcinoma (IDC).

FTIR Quantitative Analysis of Different Tissue Types:

In order to discriminate between N, F, ILC and IDC groups  on quantitative bases , three absorbances  ratios

were calcula ted us ing the peaks  heights  measurement. Variation of these ratios  with the different groups  of,

tis sue types  are exhibited in Fig.(4).

1 ) T he  absorbances ratio A1745/A1657  measures  the lipid content relative to the total protein. The mea n

values  of this  ratio are 1.73 (S.D ±0.05), 2.19 (S.D ±0.06), 1.44 (S .D ±0.02), and 1.16 (S.D ±0.05) for N, F,

ILC and IDC groups , respectively. The percentage rates  of change of F, ILC and IDC from N groups  are

+26.58%, -16.76%, -32.94%, respectively. 
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Fig. 3: The deconvolnted FTIR spectra for normal (N) fibrocy s t ic  c h a n g e s  (F) invas ive lobular carcinoma

(ILC) and invas ive duct carcinoma (IDC).

2)  The a b so rb a nc e s  ra t io A1204/A1657  is  used to measure the ratio of collagen to the total proteins . The

mean values  of this  ratio are 0.86 (S.D ±0.07), 0.93 (S.D ±0.01), 0.78 (S.D ±0.01), and 0.69 (S.D ±0.02) fo r

N, F, ILC and IDC groups , respectively. The percentage rates  of c h a n g e  of F, ILC and IDC from N groups

are +8.13%, -9.30% and -19.76% respectively.

3) The absorbances ratio A1240/A1084  measures  the ratio of the nucleic acid/collagen. The mea n  v a lu e s  of

this  absorbances  ratio are 1.01 (S.D ±0.04), 1.09 (S.D ±0.01), 1.13 (S.D ±0.05) an d  1.19 (S.D ±0.08) for N,

F , ILC a n d  IDC groups , respectively. The percentage rates  of increase of F, ILC and IDC from N samples  are

7.92%, 11.88% and 17.82%, respectively.
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Fig. 4: Variations  of the absorbances  ratios  with the different groups  of breas t tis sue types .

Carcinoma Grading by FTIR Spectroscopy:

For carcinoma grading purpose, variations  of the above mentioned three absorbances  ratios  with the tumor

grades  (Ï and Ø), irrespective t o  t h e  t u mo r type, (ILC or IDC) were plotted in Fig. (5). The number of cases

in grade Ï and grade Ø of carcinoma was  27 and 14, respe c t ively. This  Fig. reveals  s ignificant decrease in

the lipid/protein and collagen/protein ratios  with the carcin o ma  g ra de, recording % rate of decrease  in the

former ratio 15.60% and 39.30% and in the latter one 11.62% and 27.90% for grades  II a nd III, respectively.

In contras t, the nucleic acid/collagen ratio shows s light increase with the carcinoma grade, recording % rate

of increase 5.94% and 12.87% for grades  II and III, respectively.

Fig. 5: Variations  of the  absorbances  ratios  with the different grades  of breas t tis sue types , regardless  to the

tumor type ILC or IDC.

Based on the above results , one can conclude that the breas t cancer type (ILC, IDC) and carcinoma grade

(II, III) are s trongly c o rre la t e d  wit h  low lipids  and collagen contents  relative to high contents  of the total

protein and nucleic acid in the malignant tis sue s . T h is  is  in  accordance with the results  reported by Zeng et

al. (2007), Ba d r a n d  Hassab Elnaby (2007), Yu et al. (2005), Gao and Yunxiang (1999) and contradict with

those results  indicated by Ooi et al. (2008) and Fan et al. (2004) who found ob v io u s  in c rease in the collagen

le v e l in the breas t cancer tis sue. On the other hand, the fibrocys tic changes  are correlated with incre a s in g
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amounts  o f lipid, collagen and nucleic acid relative to the total protein. This  finding concords  with that of Gao

and Yunxiang (1999) who detected high collagen level in fibroadenoma tis sue by FTIR spectroscopy.

Investigation of Tissue Calcification by FTIR:

The recorded FTIR spectra of all ashed samples  under s tudy were class ified according to their spectral

features  into three groups  and are represented in Fig.(6). 

Fig. 6: FTIR spectra representing different of calcified breas ts   tis sue samples .

 10 4 3  6  21) Carbonate–bearing apatite [Ca  (PO . CO . OH)  (OH) ] group contains  (19/ 38) s a mp les .  The

his topathological analys is  for these samples  were; N (9/19) samples , ILC (1/19) and IDC (9/19) with different

carcin o ma  g ra d e s . This  group is  characterized by a major content of apatite and minor content of carbonate.
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Symmetric s tretching mo d e  o f phosphate group is  characterized by very s trong sharp peak at 1030cm  (Bohic-1

et al. 2000, Ohmacht 1976). There are  a  me d iu m sharp peak at 575cm , s trong sharp peak at 600cm  and very-1 -1

s trong sharp peak at 1080cm     which are characteris t ic s  o f apatite s tructure (Mizuno et al. 1984). The-1

carbonate groups  are ass igned by two medium sharp peaks  at 1420 and 1457c m , we a k band at 875 cm and -1 -1  

medium shoulder at 960cm (Bohic et al. 2000, Ohmacht et al. 1976, Bellamy 1975).-1

Careful inves tigation of the spectra of this  group showed that the presence of the absorption bands  at 1420,

1385 and 770cm  are s trongly related to the N tis sue samples  (Fig. 6-G1a). The malignant tis sue samples-1

exhibited these bands  a t  1425, 1365 and 770cm  with decreas ing intens ity, and in some cases  the absorption-1

bands  at 1365 and 770cm  disappeared completely (Fig. 6-G1b).1

To record the phenomenon of decreas ing intens ity, the carbonate content wa s  es timated quantitatively

3 4 ,relative to the phosphate content. To obtain accurate results  of CO /PO  two absorbances  ratios  Ra-2 -3

(A 1420/ A 1030) and Rb (A1420/A575) were calculated. The calculated mean values  of the ratios  Ra and Rb

and their s tandard deviations  are lis ted in table (1). This  table shows that th e re  is  a sharp decline in the CO3-

4/PO  of the malignant samples , recording % ra t e  o f d e c rease 52.63% and 54.83% for Ra and Rb,2 -3

respectively.

3 4Table 1: T he relationship between the CO /PO ratios with the different tissue types.-2 -3 

Absorbances ratio Normal ( ± S.D) Malignant ( ± S.D) % Rate of decrease

Ra 0.19 ± 0.02 0.09 ± 0.02 52.63%

Rb 0.34 ± 0.06 0.14 ± 0.01 54.83% 

Ra: A1420/A1030

 Rb: A1420/A575

1 0 4 6  22) Carbonate–free apatite [Ca  (P O ) (OH) ] group includes  (10/38) samples , his topathologically class ified

as  IDC of grade Ð. There are two s trong sharp absorption ban d s  a t  575 and 600cm  and a s trong broad peak-1

at 1039cm which attributed to phosphate apatite s tructure with no ev id e n c e  for the presence of carbonate-1 

anions  (Fig. 6- G2). 

2 73) Pyrophos phate [P O ] group has  (3/38) samples , his topathologically evaluated as  ILC and IDC of grade-4

2 7Ð. The vibrations  of P–O–P of p y ro p h o s p h a te anions , P O  ,  are characterized by the presence of  very-4

s trong sharp absorption peak at 1145cm , s trong  sha rp  peak at 914cm  and weak band at 730cm (Mizuno-1 -1 -1 

et al. 1984). There are a medium broad peak at 1430c m  (wh ic h can be ass igned to carbonate anions), a very-1

s trong sharp peak at 1066cm  and a weak band at 570cm which can be ass igned to phosphat e  anions  (Fig.-1 -1

6-G3).

Atomic Absorption Analysis:

All ash samples  under inves tigation were analyzed by AA spect ro scopy to measure level of Calcium ions

content. The Ca  ions  level in the norma l t is s u e  s amples  was  44.42 ± 0.03mg/l. The other tis sue types  (F,2+

ILC, and IDC) showed a pronounced high level of the Ca  ions , 71.87 ± 0.04 mg/l.  2+

The comprehens ive qualitative s tudy of the FTIR spectra of the ashed samples  lead to the conclus ion that

the calcification of the breas t cancer is  of type II, calcium phosphate, which is  due to cellular degradation. This

3 4result is  supported by the quantitative assessment of CO /PO  ratio which sh owed that the malignancy is-2 -3

s trongly correlated with much decrease in the carbonate subs titution relative to the phosphate ions  contents  and

the high Ca  level measured by AA technique. These findings  agree with those reported by Stone et al. (2007)2+

who demo n s trated calcification type II with various  carbonate subs titution of phosphate in calcium

hydroxyapatite in benign and malignant breas t tis sues .

Conclusion:

Quantitative FTIR results  showed remarkable  d ifferences  between normal, fibrocys tic changes , invas ive

lobular carcinoma and invas ive d u c t  c a rc in oma regarding to the lipid, collagen, protein and nucleic acid

cons titutions . This  technique was  also able to differentiate between different grades  of breas t carcinoma. From

the point of calc ification view, FTIR technique was  able to discriminate between normal and malignant tis sues

as  general but couldn't differentiate between the different grades  of the malignancy. 
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