


from Dako (pHQ) and Leica (ER2) were tested to (PCK-labeled) from cytotoxic CD8+ T cells in a manner
demonstrate buffer compatibility. Overall, the PSS roughly equivalent to manual techniques and those of
methods consistently achieved high-quality staining Leica Bond automation (Figure 4).

quality that clearly differentiates the epithelial tissue

Manual pH 9 Leica Bond ER2
Figure 4: Comparison of colorectal adenocarcinoma FFPE processing between manual and automated methods. (A) Overview and (B)

zoomed-in. Antibody stains include PCK (green) and CD8a (red). Imaging was performed on a GeoMx DSP instrument.

Automated dewaxing and antigen retrieval processing of tissue microarrays

To compare the performance of automation platforms Staining was performed manually with the same
between the PSS and the Leica Bond, we evaluated antibodies and buffers for a more direct comparison.
several healthy human tissues using a microarray format.
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Figure 5: Comparison of Dewax+HIER automation platforms on
various tissues. The PSS (left) or Leica Bond (right) was used to
process (A) skin and (B) tonsil, with antibody staining colors indicated:
Pan cytokeratin (PCK, green), CD8a (red), and nuclei (Syto13, blue),
and (C) salivary gland. (D) A zoom-in salivary gland is also presented.

The PSS protocol yielded a stronger staining signal on skin
tissue, a particularly challenging specimen type (Figure
5A). Tonsillar tissue is commonly evaluated for spatial
immune cell organization, and the automated PSS method
again provided more robust staining of epithelial tissue and
CD8+ T cells (Figure 5B). These findings may be attributed
to the superior dewaxing reagent and refined protocol.

The two automated methods processed several tissues in
the microarray with comparable quality. Figure 5C-D
presents examples of the salivary gland, both as an

overview and in a zoomed-in view. Other tissues exhibiting
similar staining profiles included the kidney, colon, spleen,
and cervix (data not shown).

The dewax-plus-epitope retrieval processing of placenta
(Figure 6A-B), lung (Figure 6C), and thyroid (Figure 6D)
tissues on the Leica Bond automation platform yielded
higher autofluorescence artifacts in the red channel for the
CD8a antibody compared to the PSS platform. These
experiments were conducted using the same ER2 epitope
retrieval buffer and antibody stains; therefore, the reduced
autofluorescence observed with the PSS is likely attributed
to the quality of the dewax and antigen retrieval.
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Figure 6: Human tissues exhibit increased autofluorescence in the
red channel in Leica Bond (left) compared to PSS (right). (A)
Placenta composite staining, (B) placenta with only CD8a visualized,
(C) lung composite staining, and (D) thyroid composite staining



Parhelia universal G-buffer rescues antigen retrieval for CD44

CD44 is a receptor for hyaluronic acid expressed on
different cell types, including immune cells and cancer
cells. Thus, CD44 is considered an important target for cell
phenotyping and characterization of the
microenvironment. Despite being well recognized on fresh
frozen mouse samples, CD44 detection is challenging in
human FFPE samples, even when using multiple antibody
clones. One possibility for the weak detection in human
FFPE samples is that generalized antigen retrieval
conditions are not optimal for CD44.

tumor

To simplify the choice of HIER alkaline buffer, Parhelia
developed a universal solution (G-buffer) for its Skylab
Dewax/HIER Kit. Using successive mesothelioma tissue
samples processed automatically on the PSS (i.e., dewaxing,
HIER, and staining), bulk G-buffer performed similarly to the
other alkaline HIER buffers, ER2 and pHg (Figure 7A). When
optimizing antigen retrieval conditions on the PSS, we paid
special attention to CD44. In experiments performed, HIER
with G-buffer yielded better CD44 staining contrast than
pHo or ER2 antigen retrieval solutions (Figure 7B).

PSS ER2 Buffer PSS G-Buffer pH 9 Buffer

Figure 7: HIER alkaline buffer comparison of mesothelioma tissues prepared automatically on the PSS. (A) Composite images of tissues
DAPI-stained nuclei (blue), CD44-antibody (green), PCK-antibody (light gray), and Calretinin-antibody (red). (B) CD44-specific staining. Note the
stronger contrast for the middle specimen processed using G-buffer for the antigen retrieval step. Images were acquired on a PhenoCycler Fusion

platform.



Skylab Dewax/HIER Kits represent a
simple and consistent consumable for
automating and scaling microscopy
slide processing

Skylab Kits containing Parhelia Dewax and either HIER
pH9 or G-buffer were produced in a single lot and
distributed among labs in Maryland (NCI) and California
(Stanford) for testing. At NCI, both Skylab Kit buffers
performed similarly on sections from the mesothelioma
specimens described in Figure 7, providing excellent
contrast for all fluorescent markers, including CD44
(Figure 8). As in the bulk buffer comparison, the G-buffer
in the Skylab Kit yielded higher contrast for CD44 (Figure
8B). Thus, the Skylab Dewax/HIER Kits are suitable for
scaling the slide sample preparation for multiplex
immunofluorescence microscopy studies.

PSS Skylab pH9 PSS Skylab G-buffer

Figure 8: Testing of Skylab Dewax/HIER Kits for multiplex
immunofluorescence applications. Staining of human mesothelioma
tissue targeting (A) nuclei (DAPI, blue), Calretinin (yellow), (B) CD44
(green), (C) PCK (red). Images were acquired on a PhenoCycler Fusion
platform.

At Stanford, immunohistochemistry (IHC) techniques were
employed to assess Skylab Kit performance in
chromogenic detection and to evaluate the workflow
differences between manual and automated methods.
Chromophore staining for the B cell marker CD20 resulted
in similar quality among the generic pH9 HIER buffer for
tonsil specimens processed manually with xylenes and the
PSS-automated Skylab Kit (Figure gA). When applied to the
leukocyte common antigen CD45, manual dewaxing and
antigen retrieval using pHg buffer also yielded similar
staining quality comparable to automated processing and
staining with G-buffer on the PSS (Figure gB). The Skylab
Dewax/HIER Kit also exhibited minimal artifacts, while
manual processing occasionally formed bubbles that
resulted in unstained areas (discernible in the zoom-out
insert, Figure 9B).
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Figure 9: Testing of Skylab Dewax/HIER Kits for
immunohistochemistry applications. Human tonsil samples were
processed manually or automatically on the PSS using Skylab
Dewax/HIER Kits. Chromogenic staining for (A) CD20 and (B) CD45.
Images were acquired on a PhenoCycler Fusion platform.



Setting up one slide for end-to-end automated IHC slide
processing on the PSS takes about five minutes of
hands-on time to attach the CoverPad and prepare the
run. In contrast, manual dewaxing and antigen retrieval
require 10-15 minutes of hands-on time, totaling 20-30
minutes, depending on sample size and protocol details.
Furthermore, the Skylab Kit includes all necessary
reagents, providing 300 pL for each dewax and HIER
step. This is about two orders of magnitude less reagent
usage than manual processing, which requires 40-60 mL
per step.

Overall, these results demonstrate that the Skylab
Dewax/HIER Kit provides staining quality comparable to
that of manual methods while significantly reducing
operator hands-on time and reagent usage. Thus, the
Skylab Dewax/HIER Kit represents a scalable approach
to automating routine microscopy slide sample
preparation protocols.

Skylab Dewax/H&E Kits deliver simplified
and uniform staining of FFPE samples

We previously demonstrated automated hematoxylin and
eosin staining using the PSS following multiplex proteomic
phenotyping on the PhenoCycler Fusion.? Here, we extend
that capability to Skylab Kits designed for H&E morphology
staining. Several human tissues were dewaxed and stained
with H&E using Skylab Kits, including lymph nodes (Figure
10A-B), colorectal cancer liver metastasis (Figure 10B), liver
tumors, pancreatic tumors, and normal and inflamed
thyroid glands (not shown).

The images in Figure 10 demonstrate the uniformity of
staining that results in the resolution of fine cellular
morphological details. Each single-use kit, comprising
eight reaction tubes and enclosed within the PSS, enables
clean and consistent morphology staining, serving as a
single diagnostic biomarker or complementing higher plex
imaging techniques.
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Figure 10: Skylab Dewax/H&E Kits enable uniform and scalable morphological staining in diverse tissues, including (A-B) two different lymph
node sections and (C) four different regions of a colorectal cancer liver metastasis specimen. Red boxes denote zoomed-in sections, shown to the

rightin A-B.




Conclusions

In this report, we describe the automation of the
deparaffinization and antigen retrieval protocols for
FFPE-preserved tissue using the Parhelia Spatial Station.
The dewaxing and HIER methods are comparable to
manual processing and established automation on the
Leica Bond, with added benefits of reduced hands-on
time and reagent consumption, respectively. The PSS
automated protocol can be widely applied to several
tissue types, as demonstrated with a tissue microarray.
Compared to automation on the Leica Bond, dewax and
HIER using Parhelia reagents on the PSS often resulted in
lower autofluorescence and better signal-to-noise ratio
for multiple antibodies, providing evidence for improved
reliability and reduced artifact generation. Combined with
scalable, single-use Skylab Kits comprised of superior
dewax and HIER reagents and verification of several
spatial biology assays, these results signify the PSS as an
end-to-end  automation  platform  capable  of
standardizing spatial sample prep workflows while
minimizing operator hands-on time and inter-operator
variability.

Supplementary Table

Supplementary Table 1. Antibodies and fluorophores used in this study.

Antibody Fluorophore

CD3 (rabbit, Abcam) AF594 (donkey, anti-rabbit)

EPCAM (rabbit, CST) AF594 (donkey, anti-rabbit)

CD44 (donkey) AF647 (donkey, anti-rat)
CD8a (Novus) AF647 (directly conjugated)
PCK AF532 (directly conjugated)
Syto 13 AF488

Syto 83 AF532

E-cadherin AF647 (directly conjugated)
CD45 AF594 (directly conjugated)
Calretinin AF594 (directly conjugated)

Antibody Enzyme/substrate

CD2o HRP/DAB

CD45 HRP/DAB
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