J-QE/23/10// 16267

Fluorescence Spectra from Cancerous and Normal

Human Breast and Lung Tissues

. GC.Tang
A.Pradhan -

Reprinted from
IEEE JOURNAL OF QUANTUM ELECTRONICS
Yol. QE-23, No. 10, October 1987




1806

IEEE JOURNAL OF QUANTUM ELECTRONICS, VOL. QRE-23, NO. 10, OCTOBER 1987

Fluorescence Spectra from Cancerous and Normal
Human Breast and Lung Tissues

R. R. ALFANO, G. C, TANG, ASIMA PRADHAN, W. LLAM, DANIEL S. 1. CHOY,
aNp ELANA OPHER

Abstract—The fluorescence spectra have been measured from native
chromophores in malignant and normal human breast and lung tis-
sues. The spectra profiles were found to be different in both species.
In addition, one normal breast tissue exhibited Raman spectra.

INTRODUCTION

ASER spectroscopy [1]-[4] provides a unique and

sensitive approach to reveal changes in the physical
and chemical properties that occur in healthy and abnor-
mal cells in tissues. There are well-known intringic fluo-
rophors bound to proteins within cells that flnoresce in the
visible spectral region. These native fluorophors display
well-defined spectral features that characterize the local
environment and state of the cells. Their spectroscopy is
sensitive to the micro¢nvironment of pH, redox potential,
bonding sites, polarity, ion concentration, etc. [1]. Fla-
vins arec known to fluoresce and exhibit spectral changes
when transforming from the oxidized to reduced state.
Riboflavins are known to fluoresce in the visible spectrum
region [5] from about 510 to 530 nm, and are part of coen-
zyme flavin adenine dinucleotide that is responsible for
the oxidation reduction in the mitochondria [6]. The prin-
cipal porphyrins fluorescence bands [3] lie between about
590 and 640 nm. Recently, Alfano and co-workers [7]-
[8] have established that the fluorescence spectroscopy and
relaxation times from malignant and normal rat tissues
were different. The differences were attributed to the
transformation of local environment surrounding the fluo-
tophors assigned to be flavins and porphyrins in the nor-
mal and cancerous rat tissues.

Raman spectroscopy is another optical tool to be used
to probe changes in tissues. Resonance Raman scattering
enhances certain vibrational modes of chromophores be-
cause it involves transitions within the electronic absorp-
tion band of the chromophores. In doing so, it has been
used extensively by Spiro and others [9]-[10] to probe
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structural changes of many biological molecules, in par-
ticular, heme porphyrin proteins. The resonance Raman
spectra of reduced and oxidized states of hemoglobin and
cytochrome ¢ contain frequency bands [9]-[10] ranging
over 600-1700 ¢cm™'. The prominent bands in the Raman
spectrum 1000-1650 cm ™! were assigned to the porphyrin
ring modes. These heme molecules are responsible for the
transport of oxygen in blood and the oxidation-reduction
process which serves as the link in the extraction of en-
ergy from food. Heme porphyrins are also active sites in
EnzZymes.

In this paper, our fluorescence spectroscopy research
[71, [8] has been extended to human tissues. This work is
needed to see if our previous observations in rats can be
valid for human subjects. We show for the first time that
there exist differences in the spectral profiles measured for
the normal and malignant human breast and lung tissues.

METHODS AND MATERIALS

The experimental apparatus used to obtain the fluores-
cence and Raman spectra from human breast and lung
normal and malignant tissues has been detailed in our ear-
lier paper 7], [8]. An argon ion laser beam at 488 and
457.9 nm was focused on the front surface of the tissue
to a spot size of 200 pm. The laser power was set between
1 and 100 mW to keep the sensitivity between 1 and 2 mV

for the detection system. The laser was chopped at 1000

Hz. The fluorgscence from the front surface was collected
and focused into the entrance slit of a double 1 /2 m grat-
ing scanning spectrometer (Spex Industries) blazed at 500
nm. A photomultiplier tube (Model RCA 7263, §-20) lo-
cated at the exit slit of the spectrometer measured the in-
tensity at different wavelengths. The spectral resolution is
about 2 nm. The output of the PMT was connected to a
lock-in amplifier (EG&G Princeton Applied Research) and
an X-¥ recorder combination to display each spectrum.
Breast tissues obtained from two different individuals
were used in this study. Normal and cancerous breast tis-
sue (no. 1) was obtained from an 80 year old white female
patient undergoing mastectomy. The breast cancer tissue
was dissected free of connective tissue stroma and placed
into a test tube. Histologic examination [Fig. 1(a)] re-
vealed an infiltrating duct carcinoma with involvement of

lymphatic channels and adjacent skin. The cells were ...
pleomorphic with hyperchromatic nuclei and promine_ntj:::___
nucleoli; many mitoses were seen. The normal breast tis- -
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Fig. 1. (a) Sheets of pleomomorphic carcinoma cells in nermal breast tis-
sue no. | are seen, invading ducts and lymphatic channels. (b) Normal
breast tissue no. 1, with involutional changes.

sue [Fig. 1{b)] showed involution of breast lobules and
changes of fibrocystic discase with marked diffuse fibro-
sis.

Normal and cancerous breast tissue (no..2) was ob-
tained from a 64 year old white female undergoing mas-
tectomy for a 2 cm tumor in the right breast. A fragment
of the cancer as well as a fragment of normal breast were
dissected and placed into separate sterile glass tubes. His-
tologic examination of the tumor on low power (40X)
[Fig. 2(a)] showed an infiltrating mucinous (colloid) car-
cinoma of breast, composed of clusters of small uniform
cells floating in a sea of mucin and traversed by fibrous
trabeculae. High-power view (400X ) [Fig. 2()] showed
the cell clusters to better advantage. The tumor cells have
a slightly bubbly cytoplasm, round nuclei with small nu-
cleoli, and rare mitosis. Occasional glandular lumina are
seen. Surrounding clear space represents extracellular
mucin. Histologic examination of the uninvolved normal
breast [Fig. 2(c)] (40X ) shows atrophic lobules, fibrous
tissue, and fat. :

The lung tumor and normal tissue were obtained from
a 77 year old white male undergoing left upper lobectomy
for a rapidly enlarging endobronchial mass. A fragment

Fig. 2. (a) Histologic examination of the breast tumor no. 2 on low power
(40 % ). (b} Histologic examination of the breast tumor no. 2 on high-
power view (400x). (c) Histologic examination of the normal breast
no. 2 on power view of 40x.

of tumor tissue as well as a fragment of peripheral unin-
volved lung tissue were placed in separate glass tubes for
analysis. Histologic examination of the tumor on low
power (40X ) [Fig. 3(a)] revealed solid islands and sheets
of undifferentiated carcinoma cells with large areas of tu-
mor necrosis. On high power (400X ) [Fig. 3(b}], tumor
cells form cohesive sheets. They are pleomorphic with
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Fig. 3. (a) Histologic examination of the lung tumor on low power (40X ).
(b) Histologic examination of the lung tumor on high-power view
(400 x }. {c) Histologic examination of the lung normal on power view
of 40x.

moderate amounts of pink cytoplasm, irregular hyper-
chromatic nuclei, and numerous mitoses. No glandular or
clear squamous differentiation was noted. The tumor
therefore was diagnosed as undifferentiated carcinoma of
lung. Histologic examination of uninvolved normal lung
showed patent alveolar spaces, well aerated [Fig. 3(c)]
(40x}. Slight edema fluid and alveolar macrophages are

seen in the alveolar lumina. The septae are thin with min-
imal chronic inflammation.

The tissue samples were solid chunks, not cut to any
particular specificity, and were a few millimeters thick.
Each tissue sample was placed in a borosilicate glass test
tube with a cap (Fisher Brand) for spectroscopic studies.
The tubes had no emission. The samples were run within
2 h after removal on the same day of extraction. The mea-
surements were made at least three locations on each sam-
ple to assure reproducibility.

RESULTS

Typical fluorescence spectra from normal (N) and tu-
mor ( T) human breast tissues (no. 1) photoexcited at 488
nm are shown in Fig. 4, respectively, One notices the
spectral profiles’ shapes are different for the normal and
tumor tissues. The principal spectral peaks are located at
514 and 517 nm for normal and tumor tissues, respec-
tively. In the normal breast tissue spectra, there are two
subsidiary maxima located at 556 and 592 nm. The tumor
tissue spectrum showed a monotonic decrease with no
clear subsidiary maxima. The location of the main peaks
in this tissue varied at different locations—for a noncan-
cerous sample from about 514 to 516 nm and for cancer-
ous sample from about 517 to 519 nm.

Typical spectra from normal (N ) and tumor ( 7) human
breast tissues (no. 2) excited at 488 and 457.9 nm are
displayed in Figs. 5 and 6, respectively. Again, one no-
tices the apparent difference in the specira between the
normal and cancerous tissues. In this case, the spectra
from the normal tissue also consist of narrow spike-like
bands atop broad bands. The broad bands arise from flu-
orescence. The fluorescence curves for normal breast no.
2 are weaker than the fluorescence from breast no. I or
lung tissues by about five-fold. The location of prominent
maxima of the fluorescence bands displayed in Fig. 5 for
normal (N ) and tumor (T) are at ~521 and ~ 518 nm,
respectively. The subsidiary peaks are located at 556 and
592 nm. For Fig. 6, the peaks’ positions of the main broad
bands are located at 509 and 501 nm for normal and tumor
tissues, respectively. After the main peak, the tumor tis-
sue spectra shows a monotonic decrease with a weak band
centered about 592 nm. The normal tissues clearly exhibit
stronger secondary maxima at about 556 and 592 nm in
comparison to the tumor spectra [Figs. 5(b) and 6(b)].

By comparing the locations of the narrow spike-like
bands of the spectra shown in Figs. 5 and 6 relative to the
laser wavelengths, one concludes that these bands arise
from resonance Raman scattering. For the normal tissue
2 [Fig. 5(a)], the Raman lines are shifted by about 1037,
1243, 1588, 2761, and 2963 cm ™! from the laser lines.

Typical spectra from normal (N ) and tumor (7T') human
lung tissues excited at 488 nm are displayed in Fig. 7.
Once again, one notices the difference in the spectral pro-
file between normal and cancerous tissues. The principal
spectral peaks for normal and cancerous lung tissue aré: .
located at 512 and 520 nm, respectively. In the normal
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Fig. 4. Fluorescence spectra of human breast tissue no. 1: labeled BN =
normal (20 mW) and BT = tumor {20 mW) ¢xcited by 488 nm, 2 mV
sensitivity.
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Fig. 5. Fluorescence and Raman spectra of human breast tissue no. 2:- la-
beled (a) BN = normal (50 mW ) and (b} BT = tumor (6.5 mW } excited
by 488 nm, 1 mV sensitivity.

lung tissue, there are two subsidiary maxima clearly lo-
cated at 554 and 600 nm. The tumor tissue spectrum
shows a structureless and smoother profile with no clear
subsidiary maxima. The peaks at 554 and 600 nm are
clearly reduced.
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Fig. 6. Fluorescence and Raman-spectra of human breast tissue no. 2: la-
beled (a) BN = normal (20 mW ) and (b) BT = tumor (1.6 mW } excited
by 457.9 nm, 1 mV sensitivity.
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DiscussioNn

Natural flucrophors within intact cells emit visible lu-
minescence and Raman spectra and display a unique set
of spectral features which characterize the state of cells
making up the tissues. Depending on the environmient,
flavins and porphyrins are known to fluoresce in 510-530
nm and 590-640 nm regions, respectively [3]1, [51, [6].
The porphyrin ring of heme proteins exhibit vibrational
mode frequencies in the range of 1000-1650 cm™ [9],
[10}.

Qur experimental results using 488 nm excitation for
breast tissue no. 1 indicate about 3 nm spectral red shift
from normal to tumor breast tissue spectrum, and for
breast tissue no. 2, about a 3 nm blue shift from normal
to tumor breast tissue spectrum. These shifts are almost
within our experimental error. A definite blue shift of 8
nm was observed using 457 nm excitation (Fig, 6). A blue
shift was observed in rat kidney tissue [7], [8]. The tumor
breast tissue spectra are much smoother than normal breast
tissue spectra. This was observed in both breast tissues.
A similar trend was also observed in rat kidney tissue [7],
[8}. The lack of structure at 592 nm ih tumor tissue spec-
tra may be associated with reduction of fluorophors, in
particular porphyrins, respensible for these spectral fea-
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Fig. 7, Fluorescence spectra of human lung tissue: labeled (a) LN = aor-

mal (10 mW ) and (b) LT = tumor (10 mW ) excited by 488 nm, 1 mV
sensitivity,

tures in normal tissues near 592 nm. These features can
be used to determine cancer in breasts, i

The observed 8 nm blue shifts of the main peak nd the
smoothing of spectra for tumor breast tissue are__attn_buted
to the physiological and biochemical transformation’of the
breast cells from the normal tissue. Previous fluorescénce
studies have shown that when protein containing fhioro-
phors gain positive (negative) charge ions, their spectral
maxima have been blue (red) shifted [11]. Hence, the ob-
served blue shifts in the main maxima of the human breast
tumor spectra suggest an accumulation of positive charge
ions in the malignant cells’ intracellular environment.
Both the peaks of the normal and tumor breast tissues flu-
oresce between 514 and 520 nm over & bandwidth of 50
nn. One may conjecture that the most likely fluorophors
giving rise to the observed spectral signature are the fla-
vins in the mitochondria. The spectral feature at 592 nm
may be associated with porphyrins. The origin of the 556
nm feature is unknown, but may be tentatively 3331gned
to melanins [12} or keratins {7].

The broad 600 nm band and narrow spike-like Raman
bands from 1000 to 1650 cm ™' in the normal breast tis-
sues {ne. 2) can be assigned to heme proteins and por-
phyrins [3], {9], [10]. So far, no spike-like bands have

been measured from the cancer tissues. This assignment
is consistent with the intensity reduction observed for the
600 nm band and larger fluorescence intensity from tumor
tissues. Since only one of the two different normal breast
tissues exhibited Raman peaks, the porphyrins may be
either dissociated or uncoupled to the binding sites in this
case. The 2761 and 2963 cm™! are most likely CH,
modes. The fluorescence intensity of fivefold more in the
other breast (no. 1) and lung tissues overwhelms the ob-
servation of any Raman bands in those tissues.

The flavin band observed for the normal lung tissue near
the 512 nm peak exhibits a red shift of about 8 nm in the
tumor tissue (see Fig. 7) spectra. This is opposite to the
blue shift observed for rat kidney and breast tissues. This
red shift may suggest a buildup of negative ions [11] in
the lung tumers. The 554 and 600 nm subsidiary bands
are similar to breast tissues bands discussed in the pre-
vious paragraph and most likely arise from the same type
of molecules. The lack of structure in the porphyrin spec-
tral region of the cancerous lung tissues is consistent with
spectra measured from breast-and rat cancer tissues.

The salient spectral features which are common to both
the normal breast and lung tissues are the locations of the
main peaks at about 510-520 nm with subsidiary bands at
about 556 and 590-600 nm. Depending on the tissue, the
main peaks of the cancer spectra are shifted either to blue
or red of the normal tissue peaks. Furthermore, the can-

. cerous breast and Iung tissues exhibit fluorescence pro-

files with markedly less structure in the porphyrin region.
This feature was also observed in rat kidney tissues [7],
[8]. It appears there is a reduction in the density of por-
phyrin molecules in the cancer cells of human breast and
lung and rat kidney tissues.

Much more research will be required to characterize the
spectral features of other human malignant and benign tu-
mors and normal tissues. It should be pointed out that
only two pairs of cancerous and normal breast and lung
[13] samples of human-derived tissues have been em-
ployed, and that no distinction’ between malignant versus
benign tumors was attempted. This is the next stage of
study. If neoplastic tissues have clearly defined and. re-
producible fluorescence properties, this spectroscopy’ ap-
proach may provide an immediate and ‘‘light-biopsy’’ di-.
agnosis of cancer in vive and could even be considered as
a substitute for needle biopsy or some sumlar cytologic
examination. One can then clearly envision a strategic de-
fense against disease in humans using optical fiber fluo-
rescence and Raman spectroscopic instruments for the di-
agnostics that offer high speed and spatial resolution for
in vitro, in vivo, and surgical use [14].
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