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Objective: To establish a rapid and effective method for en-bloc hematoxylin-eosin
(HE) staining and paraffin embedding of human lung cancer and paracancerous
tissues which can be applied to fluorescence micro-optical sectioning tomography
(fMOST).

Methods: Human lung cancer and paracancerous tissues with a size of about 1 cm ×
1 cm × 0.3 cm were taken and fixed in 10% neutral formalin. HE staining was
performed using a heat water bath to facilitate staining. After staining, isopropyl
alcohol was used for dehydration and transparency. Then, 65°C paraffin was used for
wax immersion followed by paraffin embedding, while continuous paraffin sections
were produced for observation.

Results: The tissues stained by en-bloc HE, dehydrated, transparent and wax
immersion were slightly smaller in appearance, darker in color and slightly harder
in texture than before. After paraffin embedding, the wax blocks did not show any
obvious fragmentation, wrinkling or cavity formation, and could be continuously cut
into 4-μm thick slices which could be dragged to formwax tapes. The sections could
develop flat in waterbath, and the tissues showed no signs of collapse or separation
from the paraffin. After sections were picked up and dewaxed, the tissue structure
was intact and the cell structure was clear under light microscopy, which could be
used to evaluate the pathological features of lung cancer and paracancerous tissues.

Conclusion: We propose a suitable en-bloc HE staining of centimeter-sized lung
cancer and paracancerous tissues that can be applied to fMOST. It is promising to be
used in the accurate identification of structural landmarks and spatial assessment of
lung cancer.
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Introduction

Lung cancer is a common malignancy worldwide and one of the
leading causes of cancer deaths [1]. The pathology of lung cancer is
obviously heterogeneous and closely related to the treatment and
prognosis of patients. For example, the proportion of high-grade
pathological subtypes is associated with the prognosis of patients
with lung adenocarcinoma [2], and glandular structure is
associated with tumor necrosis and lymphatic vascular invasion
[3]. Currently, pathological section is still the gold standard for
clinical diagnosis of lung cancer, which belongs to two dimensional
(2D) spatial assessment. However, the reproducibility of histological
structure assessment of lung adenocarcinoma by multiple pathologists
is still a challenge [4]. In the study by Moreira AL et al. [5], the average
Kappa value was 0.84 + 0.04 and the range of the Kappa value
evaluating the grading agreement between the two observation
groups (a total of 10 pathologists, 23 cases) was 0.79–0.89. Most of
the inconsistent attributed to the distinction between the lepidic and
papillary structures, as well as variations in the proportion of high-
grade structures. Thus, the understanding of the main histological
structure of lung cancer can improve the repeatability of lung cancer
grading and classification among pathologists, which may ultimately
lead to more accurate patient diagnosis, treatment, and prognosis
guidance in the future [5].

Considering the limitations of traditional 2D images, Memorial
Sloan Kettering Cancer Center [6] adopted Whole Slide Imaging
(WSI) technology for 3D reconstruction of lung cancer. The WSI-
based 3D imaging system has been used to recognize the existence of
“tumor islands” in lung cancer, which in hindsight reflects an early
identification of tumor spread through air spaces (STAS) that was
reported to be associated with a higher recurrence rate and worse
survival [7–9]. This emphasizes the clinical significance of 3D imaging
because clinical therapy decisions are dependent on tumor
development patterns (Gleason score). Good alignment, geometric
congruence, and staining consistency are fundamental elements for a
reliable 3D display [10]. Due to the variable staining intensities,
paraffin sections are prone to distortion, shrinkage, folding, and
color changes that may affect the accuracy and dependability of the
reconstructed pictures [11]. In addition, it couldn’t be utilized for
physical images, such those taken with a light microscope. To get a
non-destructive 3D image of lung cancer tissue, fMOST combined
with propidium iodide (PI) staining were previously used to obtain the
3D imaging of the human lung adenocarcinoma tissues at single-cell
resolution, and the bronchi and cells were reconstructed and
visualized. However, PI staining shows no difference in all nuclei,
so it is impossible to distinguish and track various cells in lung tissues
according to the color results. Therefore, to identify the characteristic
cells in lung tissues, it is necessary to explore new and appropriate
overall staining methods of lung tissue blocks.

HE staining is the most commonly used staining method in
clinical practice, and is essential for identifying the pathological
characteristics of lung cancer, such as pathological subtypes,
vascular invasion, and STAS. However, establishing a rapid en-bloc
HE staining dehydration and paraffin embedding method that allows
continuous sectioning is a great challenge. There are a few previous
literatures on HE staining for whole tissue block, but the process of
staining, dehydration, and paraffin embedding were laborious and
time-consuming [12, 13]. In this study, we developed a simple, rapid,
and reliable protocol for en-bloc HE staining, dehydration, and

paraffin embedding, which can be applied to serial sectioning,
fMOST and 3D reconstruction for centimeter-sized lung cancer
and paracancerous tissues for the first time.

Materials and methods

Samples and reagents

The surgically resected lung cancer and paracancerous tissue
samples were obtained from 30 patients who underwent lobectomy
in Tianjin Chest Hospital from August to September 2022.

The tissue fixation solution was 10% neutral formalin (Tianjin
Jiusheng Medical Treatment Instrument Co., Ltd, Tianjin, China).
Hematoxylin (Harris, BA4041, BaSO Biotech Co, Zhuhai, China) and
eosin (water soluble, BA4024, BaSO Biotech Co., Ltd., Zhuhai, China)
were selected for HE staining. Isopropyl alcohol (≥99.7%, Xilong
Scientific Co., Ltd., Guangdong, China) was used for dehydration
and transparency. Paraffin wax (60°C–62°C, Shanghai Huayong Olefin
Co., Ltd, Shanghai, China) was used to embed the tissues and then
sectioned. The study was approved by the Ethics Review Committee of
Tianjin Chest Hospital (2022LW-024) and informed consents were
taken from the patients.

Sample collection and fixation

Lung cancer and paracancerous tissues with an approximate size
of 1 cm × 1 cm × 0.3 cm were taken and fixed in 10% neutral formalin
for 24 h.

En-bloc HE staining

The tissues were immersed in hematoxylin staining solution,
stained in a water bath at 60°C for 90 min, and then washed in
running tap water for 15 min. Next, the tissues were immersed in
eosin staining solution, stained in a water bath at 60°C for 90 min, and
washed in running tap water for 15 min. In addition, for those who
prefer a bluer HE staining result, the tissues could be counterstained
with hematoxylin (blue color), that is, the tissues were re-immersed in
hematoxylin, stained in a water bath at 60°C for 30 min, and washed in
running tap water for 15 min. While, for those who are accustomed to
redder staining results, the hematoxylin counterstain time could be
shortened, even not to carry it out.

Propidium iodide is a typical fluorescent nucleic acid dye that is
frequently used to label DNA and RNA and distinguish normal cells
from tumor cells by analyzing the cell karyotypes, making it the perfect
way to observe all cells in a tissue or even a large organ during
fluorescence imaging. In addition, PI staining adopts the technique of
imaging while sectioning, avoiding the problem of imaging
inhomogeneity, which is the most typical problem in the process of
tissue staining. Thus PI staining was adopted in our previous study.

Dehydration and embedding

After staining, the tissues were immersed in isopropyl alcohol I for
20 min, isopropyl alcohol II for 20 min, and isopropyl alcohol III for
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10 min for dehydration and transparency. Each step was performed
using water-bath shaking method at 60°C. After dehydration and
transparency, the tissues were put into paraffin wax at 65°C for 2 h and
then embedded with paraffin.

Consecutive sectioning

The embedded paraffin tissue blocks were serially sectioned at a
thickness of 4 µm with a microtome (Leica). The paraffin sections
were placed into 45°C–48°C water, developed flat, and then picked
up with a slide. The sections were heated in an oven at 75°C for
20 min and then deparaffinized in xylene I for 3 min and xylene II
for 3 min. Finally, the sections were dripped with neutral resin and
sealed with a cover slip. A schematic diagram of the procedure is
shown in Figure 1.

fMOST imaging with PI staining

Lung tissure imaging was performed on f-MOST system (Institute
of Biomedical Engineering, Chinese Academy of Medical Sciences and
Peking Union Medical College). The prepared-sample was submerged
in a solution of PI and 0.01 M Na2CO3 to provide a matching
refractive index for the objective lens during imaging. Since the
specimen was fixed on a precise three-dimensional translation
platform for simultaneous dyeing, slicing and imaging, and a
sample obtained at one time is called 1 strip. At the initial tool
point, the specimen was driven by the 3D translation platform to
produce the first cut along the positive X axis direction, and after the
first strip is obtained, it returns to the initial tool point along the
negative direction of the X axis, moves to the second tool point along
the positive direction of the Y axis for the second tool cutting, and so
on. Until the cutting of the whole layer of the specimen surface is
completed, all the sample strips of this layer are obtained. At the same

time, the data were collected to obtain a cross-section imaging data of
the tissue. Then, the 3D translation platform lifted the specimen with
the thickness of the specimen slice, and cut the next layer according to
the cutting strategy of the first layer until the slice imaging of the whole
sample was completed.

Results

Tissue and wax block appearance

After determining the procedure, we performed en-bloc HE
staining on 30 pairs lung cancer and paracancerous tissues in total,
and achieved stable and good results, which were as follows. The lung
cancer tissues were hard in texture without obvious shrinkage and
fragmentation after en-bloc HE staining, dehydration, transparency
and wax immersion (Figure 2A). The tissue was well fused with wax
after paraffin embedding, and the surface of the wax block was flat,
without cracks and bubbles. After the deep sectioning of the wax
blocks (Figures 2B,C), there was no cracking of paraffin around the
tissue, and the hardness of the tissue was uniform and good. The tissue
cut surface was flat, and there were no obvious cracks, bubbles and
breakage inside.

Consecutive sectioning

The tissue was tough and tightly bounded to paraffin, and
could be serially sliced at a thickness of 4 µm. The slices had no
visible cracks or folds and could be dragged to form wax tapes
(Figure 3A). The slices could develop flat in a water bath at
45°C–48°C, and the tissue did not spread and separate from the
wax. It also worked well for solid lung cancer tissue. The
continuous sectioning wax tapes of en-bloc HE stained and
paraffin-embedded lung cancer and paracancerous tissues are
shown in Figures 3B,C respectively.

Scanning of slices

As shown in Figure 4, the microscopic structures of lung cancer
and paracancerous tissues were kept in normal good shape without
obvious atrophy and wrinkling, and the free cells, such as macrophages
and tumor cells, in the alveolar spaces were clearly shown. At the same
time, the cell structure was clear, and the nuclei and cytosol were
distinctly colored, which were easy to observe microscopically. The
staining of the tissue between adjacent sections was uniform, and the
staining of the lung cancer with lower density and the paracancerous
tissue were uniform in the same section, while some solid lung
malignancies had lighter staining in the middle of a single slice.
Furthermore, it showed that the accuracy of the sections made by
staining-then-sectioning method was good for identifying the
pathological characteristics of lung cancer. As seen in Figure 4A,
pulmonary septum was widening, and pulmonary interstitial was
fibrosis in lung cancer. Lung cancer cells grew adherent with the
alveolar wall, obvious atypia of cancer cells were observed. While in
paracancerous tissue (Figure 4B), phagocytic cells were found in
alveolar cavity, and type I alveolar epithelial cells shown no
obvious atypia.

FIGURE 1
Flow chart of the hematoxylin and eosin staining, dehydration,
transparency, wax immersion and paraffin embedding steps for lung
cancer tissues and paracancerous tissues.
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As shown in Figure 5, fMOST system combined with PI-
staining were previously used to obtain the 3D imaging of the
human lung adenocarcinoma tissues at single-cell resolution.
Compared with paracancerous tissues, more solid components,
more clustered cancer cells with larger nucleoli and more
significant atypia were discovered in cancer tissues (Figure 5B).
In the paracancerous tissue, the cancer cells grew along the original
alveolar wall, mostly monolayer, few fibrous structures were
observed. Alveolar epithelial cells in the paracancerous tissues
formed acinar nets, which were scattered and had large voids,
becoming alveoli (Figure 5A).

3D imaging

3D reconstruction imaging can be performed with both the staining-
then-sectioning and sectioning-then-staining methods, the schematic
diagram was shown in Figure 6 and the differences between these two
methods for 3D reconstruction were summarized in Table 1. The
staining-then-sectioning method can be applied to the fMOST
technology, which can be used to in-situ imaging while sectioning,
saving steps and time. At the same time, the 3D imaging based on the
staining-then-sectioning method can effectively identify the pathological
structure of lung cancer, such as pathological subtypes and STAS.

FIGURE 2
Tissue and wax block appearance. (A) Appearance of lung cancer tissue (left) and that after en-bloc HE staining, dehydration, transparency, and wax
immersion (right). (B–C) Appearance of wax blocks after en-bloc HE staining and paraffin embedding (left) and deep sectioning (right) of lung cancer tissue (B)
and paracancerous tissue (C). HE: hematoxylin and eosin.

FIGURE 3
Wax tapes appearance. (A–B)Wax tapes of lung cancer tissue obtained by consecutive sectioning (A) were developed flat in a water bath at 45°C–48°C
(B). (C) Wax tapes of paracancerous tissue were developed flat in a water bath at 45°C–48°C.
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Discussion

Recently, with the development of new techniques, the 3D
visualization of pathological features of organisms have been
gradually improved. For example, the fMOST technique has
significantly improved misalignment in reconstruction by in situ
micro-optical sectioning of the tissue block followed by 3D
reconstruction [14]. 3D reconstruction of human lung tissue at the
single-cell resolution can assist clinicians to study the detailed cellular

morphology, the anatomical relationship between cells, cell biology
and function, so as to help clinicians in making more accurate
assessments for the pathological characteristics of the lesion to
guide the precision treatment of patients [15, 16]. However, these
high-resolution 3D spatial imaging methods require en-bloc staining
of lung cancer and paracancerous tissues. In our previously study, we
attempted to obtain a complete 3D reconstruction of a lung
adenocarcinoma at single-cell resolution using fMOST combined
with PI staining, and the actual distribution of bronchi, respiratory

FIGURE 4
The scanning of an entire histologic slide (left, ×20) and local magnification (right, ×200) of a single section of lung cancer tissue (A) and paracancerous
tissue (B).

FIGURE 5
Cellular structure of cancerous (B, 400X) and paracancerous tissues (A, 400X) obtained by fMOST system combined with PI-staining with the spatial
resolution of 0.32 × 0.32 × 1.0 μm3. Pulmonary alveoli was circled in red in Figure 5A and atypic cancer cells were marked by red circle in Figure 5B.
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bronchioles, terminal bronchioles, alveoli, and alveolar sacs were
observed in accordance with the morphology disparities among
various bronchus. Therefore, 3D reconstruction based on fMOST
can be more tridimensional, more real, clearer and more intuitive to
show the detailed information and location of the lesion [15, 16].
However, PI staining shows no difference in all nuclei, so it is
impossible to distinguish and track various cells in lung tissue. HE
staining is currently the most widely used method in the pathological
diagnosis of lung cancer, nevertheless, it is difficult to establish rapid
en-bloc HE staining and accomplish sequential sectioning after
dehydration without fading. In this study, we overcame some of
the previous difficulties in eb-bloc staining and after careful
exploration, we developed a method for rapid en-bloc HE staining
and paraffin embedding of centimeter-sized lung cancer and
paracancerous tissues, which has a certain strengths, but there is
still potential for improvement.

The following challenges need to be solved during the en-bloc HE
staining and paraffin embedding. First, in order to stain the tissue as a
whole quickly and evenly, the 60°C water bath method was used to

promote staining. Meanwhile, the peripheral tissue can avoid deep
staining by being rinsed with running tap water after staining, which
also makes the staining color in the same section as appropriate and
uniform as possible. The rinsing with alkalescent running tap water
can also help to return to blue. In addition, there is no significant color
difference between adjacent sections of the staining-then-sectioning
method compared to the sectioning-then-staining method. Second,
dehydration after en-bloc HE staining tends to cause fading. To solve
this problem, water soluble HE staining solution was used for staining
and isopropyl alcohol was choosen for rapid dehydration. Isopropyl
alcohol can be employed as a dehydrating agent because it dissolves in
water easily [17], and it does not dissolve in HE staining solution, the
en-bloc stained tissue won’t fade as a result of dehydration. Besides,
there is little tissue shrinkage and little tissue sclerosis after isopropyl
alcohol dehydration [18]. Furthermore, in order to avoid tissue
contraction caused by the dehydration with anhydrous ethanol
followed by isopropyl alcohol, this experiment was designed to
omit anhydrous ethanol for dehydration. In addition to being a
dehydrating agent, isopropyl alcohol can be employed as a

FIGURE 6
Schematic diagram of the 3D imaging process based on staining-then-sectioning method (A) and sectioning-then-staining method (B), respectively.

TABLE 1 The differences between the staining-then-sectioning method and the sectioning-then-staining method for 3D reconstruction imaging.

Contents Staining-then-sectioning method for 3D imaging Sectioning-then-staining method for 3D imaging

HE staining method En-bloc staining at once Staining for hundreds of sections separately

Color of adjacent layers Almost no chromatic aberration Slight chromatic aberration

Color of the same layer Center of solid nodule is slightly lighter than periphery Uniform staining

3D imaging method In situ imaging while sectioning automatically Overlay stacking imaging manually

Alignment between layers of 3D
imaging

Good alignment between layers Suboptimal alignment between layers

Overall process and time consuming Comparatively fewer steps and time saving (approximately 5 h after
fixation)

Comparatively more steps and time consuming (approximately 20 h
after fixation)

3D: three dimensional; HE: hematoxylin-eosin.
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transparent agent and can substitute xylene to streamline processes,
lessen tissue fading [19, 20], and facilitate wax immersion [18]. Third,
it’s difficult to complete dehydration because lung tissue contains a lot
of gas, and the tissue in wax block is prone to contain air bubbles [21],
thus leading to the formation of cavities in the sections and affecting
the 3D reconstruction. Therefore, the tissues were put in an isopropyl
alcohol bath at 60°C with shaking for dehydration, and wax immersion
was taken at 65°C with higher melting point hard wax (60°C–62°C), as
the gas in tissue was easier to discharge in high temperature [22, 23].
The gas can also be discharged by gently squeezing with forceps
intermittently during dehydration and wax immersion, which does
not damage the tissue structure. Moreover, dehydration was attempted
to performed under negative pressure conditions (1.33 × 104 Pa) with
heating, but there was no discernible benefit for dehydration or wax
immersion. However, negative pressure dehydration can be performed
for larger-sized lung tissues from interstitial lung disease patients [24].

In this study, we obtained a suitable scheme for the en-bloc HE
staining and paraffin embedding of centimeter-sized lung cancer and
paracancerous tissues by groping effective methods and verifying
repeatedly. This method can be mainly applied to the 3D
reconstruction of the histopathological structure of lung cancer,
which is helpful to understand the spatial structure and
distribution of various components of lung cancer lesions.

Unlike traditional sectioning followed by staining, in this study,
staining is done before sectioning, which has the following advantages:
1) Convenient and time-saving staining procedure: The staining-then-
sectioning method takes less time and is easier to operate than staining
hundreds of slices after sectioning. 2) Uniform staining between
adjacent sections: staining-then-sectioning method can better
ensure uniform staining between adjacent sections than sectioning-
then-staining, which facilitates image recognition after reconstruction.
3) Rapid and thorough dehydration without obvious decolorization. 4)
One-step method of dehydration and transparency: isopropyl alcohol
is used for both dehydration and transparency, which could further
simplify the procedure and shorten the operation time. The HE
staining method will be used in conjunction with the most fine-
grained 3D imaging technique (fMOST) to construct 3D structural
atlas data sets at single cell resolution level. The high-precision,
repeatable, unbiased identification and classification of various
types of cells can identify the pathological features and connection
patterns of different subtypes of lung cancer, and provide a new
technical approach for the study of the pathogenesis and development
of lung cancer.

At the same time, there are several limitations of this method. Firstly,
this study explored the en-bloc HE staining and consecutive sectioning of
tissues with a size of about 1 cm × 1 cm × 0.3 cm, the staining and
dehydration time for larger sized tissues may need to be further extended.
Meanwhile, it is still a challenge to accomplish completely uniform
staining of pure solid tumor, as the intermediate color is slightly light,
but has no significant effect on the judgment of pathological features.
Secondly, a variety of staining methods for various purposes can be
performed on unstained paraffin sections produced using sectioning-
then-staining method, while whether the HE-stained sections produced
by staining-then-sectioning method can be rinsed for other staining
methods needs to be explored in further study.

Conclusion

In conclusion, a suitable en-bloc HE staining of centimeter-
sized lung cancer and paracancerous tissues were identified
with satisfactory results. It is promising to be applied to the
3D spatial assessment of the pathological features of lung
cancer, which can help to accurately identify the
sophisticated pathological features of lung cancer at 3D and
single-cell level.
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