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Propidium iodide staining with ethanol improves uptake in fresh specimens

PI is a widely used nuclear stain that is advantageous for MUSE imaging because of its high
specificity for nuclei and long wavelength emission. We have previously demonstrated PI can
rapidly stain fresh, unfixed tissue®, although it is commonly used to preferentially stain cells with
compromised cell membranes at lower concentrations. We have observed that although many
cell nuclei in fresh, unfixed tissue are strongly stained with PI, dense ducts in freshly excised
breast tissues sometimes fail to strongly stain, potentially causing in inconsistent visualization.
To investigate this effect, fresh, unfixed human tissue (breast and skin) was stained using
acridine orange (AO, a known live cell stain, but with lower specificity for nuclei than PI) at 40
pg/ml concentration and PI at 40 pg/ml concentration for 2 minutes. Water (Fig. Sla-c) or 70%
ethanol (Fig. S1d-f) were used as a solvent. NLM imaging near the tissue surface down to 20 pm
(the limit of MUSE excitation) showed that staining with PI dissolved in water had limited
uptake in dense features such as TDLUs. However, PI dissolved in 70% ethanol was comparable
to AO staining for ductal lobular units (Fig. S1d-f) when used in fresh, unfixed tissue. A 70%
ethanol solvent was chosen because it is well known to disrupt cell membranes and PI is known
to be more permeable in disrupted cell membranes. Repeating the experiment with fresh, unfixed
skin (Fig.S1g-1) also showed that PI dissolved in 70% ethanol had improved uptake in fresh skin
specimens, although the effect is less evident because features such as the epidermis are well
visualized even with the reduced uptake associated with PI dissolved in water. In all cases, PI
was more specific for cell nuclei than AO. These results demonstrate that special care must be
taken with developing staining protocols using tissue specimens so that they can be translated to
freshly excised, living tissue which would ultimately be encountered in intraoperative
applications.

Comparison of MUSE images with and without fluorescent background subtraction

MUSE images have a high fluorescent background, but because it is relatively uniform, it can be
estimated and subtracted, either on a per-frame basis (in real-time imaging) or on an overall basis
(in mosaic imaging). In this study, we used real-time estimation by subtracting the minimum
value in each channel of each acquired frame. After the subtraction, a scale factor is multiplied
such that the maximum value of each channel in each frame remained unchanged (Fig. S2).



a) AO/PI in water o (D) AO in water s (C) Plin water

.

(d) AO/PI in 70% ethanolll (e) AO in 70% ethanol

.
. »

(9)

(i)

(i) AO/PI in 70% ethanol

Fig. S1. AO/PI cell staining. Fresh, unfixed breast tissue stained with (a) AO/PI in water solution, (b) AO channel
and (c) PI channel imaged using NLM at 20 um below the tissue surface. Many cells that are visible under AO
staining are not stained with PI. Fresh, unfixed breast tissue stained with (d) AO/PI in 70% ethanol solution, () AO
channel, (f) PI channel imaged using NLM at 20 pm below the surface. The ethanol solvent improves the uptake of
PI and nearly all cells are now visible under both AO and PI. Fresh, unfixed skin tissue stained with (g) AO/PI in
water solution, (h) AO channel and (i) PI channel imaged using NLM at 20 um below the tissue surface. Similar to
the breast specimen, there are cells which are visible under AO staining which are incompletely stained by PI,
although correspondence is higher. Fresh, unfixed skin tissue stained with (j) AO/PI in 70% ethanol solution, (k) AO
channel, (1) PI channel imaged using NLM at 20 um from surface. The uptake of PI in skin is improved by the
ethanol solvent. Scale bar, 100 pm.
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Fig. S2. Comparison of MUSE virtual H&E images with and without background subtraction. (Fresh, unfixed
normal skin) MUSE images of normal human skin specimen acquired with air immersion MUSE; (a) raw image
(RG), (b) uniform background subtracted image (RG), (c) raw image rendered as virtual H&E, and (d) background
subtraction & virtual H&E rendered image. Images acquired with water immersion MUSE; (e) raw image (RG), (f)
background subtracted image (RG), (g) raw image & virtual H&E rendering, and (h) background subtraction &
virtual H&E rendered image. Background subtraction has a pronounced effect on air immersion MUSE images due
to the large background signal. Scale bar, 100 pm.



