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01 QUICK DIAGNOSTIC FLOWCHART

Use this decision tree to quickly identify the root cause of your issue and navigate to the appropriate section for detailed
troubleshooting.

1.1 Primary Issue ldentification

Symptom Primary Cause Category Go To Section

Transduction <30% Efficiency Issue Section 02
Viability <70% Viability Issue Section 03
High CV (>20%) between replicates Consistency Issue Section 04
Works for some cell types, not others Cell Type Issue Section 05
Product appears degraded/precipitated Reagent Issue Section 06
Positive control failed Detection Issue Section 07

1.2 Rapid Diagnostic Questions

Answer these questions to narrow down the problem:
Q1: Did you see transduction in the no-enhancer control?
If YES — Virus is functional. Issue is with HITE concentration or handling.

If NO — Check viral vector titer and quality first (see Section 02.4).

Q2: Is viability <70% in untransduced cells?
If YES — Cells were unhealthy before transduction. Check cell source/culture.

If NO — Issue is transduction-related (see Section 03).

Q3: Have you successfully used this HITE lot before?
If YES — Protocol or cell batch issue. Check recent changes.

If NO — May be reagent handling issue (see Section 06).

NOTE: Always run controls: (1) Untransduced cells, (2) No-enhancer + virus, (3) Known positive cell line if available.
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02 LOW TRANSDUCTION EFFICIENCY

Expected transduction efficiency with HITE is 40-70% depending on cell type, MOI, and vector. Efficiency below 30%
indicates a problem that should be investigated.
2.1 HiTE Concentration Too Low

Symptoms: Efficiency 10-30%, similar to no-enhancer control

Root Cause: Insufficient peptide to mediate efficient viral entry

Using 20 pM (1:20) for suspension Increase to 40 uM (1:10 dilution) Compare 20 vs 40 vs 80 pM
cells

Stock diluted incorrectly Verify 400 uM stock; use 1:5 or 1:10 dilution  Recalculate volumes
Hard-to-transduce cell type Increase to 80 uM (1:5 dilution) Test concentration titration

NOTE: HIiTE can be used up to 80 uM (1:5 dilution) for difficult cells. Higher concentrations are not recommended.

2.2 MOl Too Low

Symptoms: Efficiency <20%, dose-dependent increase with MOI

Root Cause: Insufficient viral particles per cell for detectable transduction

MOI <2 for primary cells Increase MOl to 5-10 Test MOl titration (1, 5, 10, 20)
MOI calculated incorrectly Re-titer virus; verify cell count gPCR titer vs functional titer
Vector storage degradation Use fresh vector aliquot Compare fresh vs stored vector

Recommended MOI Ranges:

Primary T Cells 5) 2-20

NK Cells 5 5-20 30
iPSCs 5 2-10 20
Adherent Cell Lines 2 1-10 20
Suspension Cell Lines B 2-20 50

2.3 Cells Inherently Difficult to Transduce

Symptoms: Low efficiency even with high MOI and HIiTE concentration

Root Cause: Cell surface receptor expression, membrane composition, or intracellular barriers

Primary cells not activated Ensure 48h activation before transduction  Check activation markers (CD25, CD69)
Resting/quiescent state Use appropriate cytokine stimulation Verify proliferation status

Low receptor expression Consider alternative pseudotype Flow cytometry for receptor expression
Intrinsic transduction resistance Add spinfection step 800xg, 60-90 min, 32°C
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v TIP: HiTE does not require spinfection, but adding this step can improve efficiency by 20-40% for difficult cells.

2.4 Viral Vector Quality Issues

Symptoms: Low efficiency even in positive control cell lines

Root Cause: Vector degradation, incorrect titer, or production issues

Vector stored incorrectly Store at -80°C; avoid >2 freeze-thaw cycles Use fresh aliquot

Titer overestimated Re-titer by qPCR and functional assay Test in permissive cell line
VSV-G pseudotype issues Check for aggregation/precipitation Visual inspection, DLS if available
Production batch variation Test multiple vector lots Compare different productions

Vector Quality Checklist:
O Titer verified by gPCR within last 3 months
[ Stored at -80°C in single-use aliquots
[ No visible precipitates or color change
O Freeze-thaw cycles <2

[J Functional titer tested in HEK293T or similar

03 LOW CELL VIABILITY

Expected viability with HITE is >90%, comparable to untransduced controls. Viability below 70% post-transduction

indicates a problem. Note that some viability loss (5-15%) is normal during transduction.

3.1 HiTE Concentration Too High
Symptoms: Viability 40-70%, dose-dependent decrease with HITE

Root Cause: Excessive membrane perturbation overwhelming self-inactivation mechanism

Using 40 uM (1:10) for sensitive cells Reduce to 20 yM (1:20) Test both 20 and 40 pM (1:20 and 1:10)
Using 160 uM (1:2.5) total Reduce to 80 M (1:10) Stay within 20-80 uM range (1:20-1:5)

Recommended Starting Concentrations by Sensitivity:

Cell Sensitivity Starting Concentration Max Recommended m

Robust 80 uM (1:5) 160 uM (1:2.5) Jurkat, K562

Moderate 40 uM (1:10) 80 uM (1:5) Primary T cells, THP-1, HEK293
Sensitive 20 uM (1:20) 40 uM (1:10) iPSCs, some primary cells

Very Sensitive 10 pM (1:40) 20 uM (1:20) Neurons, stem cells
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3.2 MOI Too High
Symptoms: Viability drops with increasing MOI; high VCN

Root Cause: Viral particle toxicity and/or excessive genome integration

MOI >20 for primary cells Reduce MOl to 5-10 AT el o8 GiS e s Iof

transduction
Using competitor protocol MOI HIiTE requires lower MOI Start at 1/5 of competitor MOI
Crude vector preparation Purify vector to remove debris Use concentration/purification kit

v TIP: HITE achieves >60% efficiency at MOI 1-2, allowing 5-10x lower MOI than competitor protocols. Always start low
and titrate up.

3.3 Prolonged Exposure to Transduction Reagents

Symptoms: Viability decreases over time; cells look stressed

Root Cause: Extended contact with viral particles and enhancer

No media change at 72h Perform complete media change Day 3  Observe improvement in viability
Sensitive cells, 72h too long Media change at 24h post-transduction =~ Compare 24h vs 72h change
Overnight incubation too long Reduce to 6-8 hours if needed Time-course experiment

3.4 Cell Health Issues Pre-Transduction

Symptoms: Low viability even in untransduced control

Root Cause: Starting cells were unhealthy, over-passaged, or stressed

Cells over-passaged Use cells at optimal passage Track passage number meticulously
Starting viability <80% Only transduce healthy cells (>90% viable) Check viability before starting

Cells stressed during prep Handle gently; minimize centrifugation Use wide-bore pipette tips
Contamination present Check for mycoplasma; use fresh stocks Mycoplasma PCR test

Never transduce cells with starting viability <90%. Unhealthy cells will yield poor results regardless of HITE
performance.

04 INCONSISTENT RESULTS

Coefficient of variation (CV) should be <15% between replicates and <25% between independent experiments. Higher

variability suggests protocol or reagent inconsistencies.

4.1 Replicate-to-Replicate Variability (Within Experiment)

Symptoms: CV >20% between wells in same plate

Root Cause: Pipetting errors, uneven mixing, or edge effects
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Inconsistent pipetting Use calibrated pipettes; reverse pipette  Practice technique with dye
Poor mixing after addition Mix gently but thoroughly Visual confirmation of mixing
Edge effects on plate Avoid outer wells; use inner 60 wells Randomize well positions
Uneven cell seeding Resuspend cells between aliquots Count cells per well

4.2 Experiment-to-Experiment Variability

Symptoms: Results differ significantly between days/weeks

Root Cause: Batch differences in cells, reagents, or technique drift

Different HIiTE aliquots Use same lot; track freeze-thaw cycles  Log aliquot usage

Different viral vector batches Normalize to functional titer Re-titer each batch

Cell passage drift Use consistent passage window Bank cells at optimal passage
Operator differences Standardize protocol; train personnel Written SOP with checkpoints
Equipment variations Use same incubator, centrifuge Calibrate equipment regularly

4.3 Donor-to-Donor Variability (Primary Cells)

Symptoms: Primary cells from different donors show variable results

Root Cause: Biological variation in receptor expression, activation state

Natural biological variation Test n=3 donors; report range Expected CV 15-30% for primaries
Activation state differences Standardize activation protocol Check activation markers
Age/health of donor Document donor characteristics Correlate with outcomes

Wl NOTE: Primary cell variability is biological, not a protocol failure. Report results as mean + SD across n=3 donors.

05 CELL TYPE-SPECIFIC ISSUES

5.1 Primary T Cells (CD3%)

Ensure 48-72h activation with anti-

Efficiency <40% Insufficient activation CD3/CD28 + IL-2
Efficiency <40% Low HiTE concentration Use 80 uM (1:5) for T cells
- N Reduce activation time; check IL-2
0, _ )
Viability <80% Over-activation stress concentration
Poor expansion post-transduction High VCN or toxic transgene Reduce MOI; verify construct
CD4:CD8 ratio shift Differential transduction Normal; subsets may transduce differently

! T cell activation is CRITICAL. Resting T cells transduce poorly regardless of enhancer. Verify CD25/CD69
expression before transduction.
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5.2 NK Cells

Efficiency <20% NK cells are inherently difficult Use HITE-NK formulation; increase to 80-120 pM
Efficiency <20% Insufficient cytokine support Add IL-2 (100-500 1U/mL) + IL-15 (10 ng/mL)
Viability <70% NK cells are sensitive to manipulation  Reduce handling; use 40-60 uM HITE

Loss of cytotoxicity Activation-induced exhaustion Shorten culture time; verify function early

Wl NOTE: NK cells require higher MOI (10-20) than T cells. Use HITE-NK for optimal results with this cell type.

5.3 iPSCs
e kbowse sown
Efficiency <15% iPSCs transduce poorly in colony Dissociate to single cells before transduction
Efficiency <15% Use lower concentration Increase to 40 uM (1:10)
Viability <70% iPSCs are very sensitive Use 20 uM (1:20); add ROCK inhibitor (Y-27632)
Loss of pluripotency Stress-induced differentiation Verify markers 3-5 days post-transduction
Colonies won't reform Single-cell stress Use CloneR or RevitaCell during recovery

v TIP: Always include ROCK inhibitor (10 uM Y-27632) during iPSC transduction and for 24h after. This dramatically
improves survival.

5.4 Adherent Cell Lines

Efficiency <50% Cells too confluent Transduce at 50-70% confluence
Efficiency <50% Insufficient contact time Ensure overnight incubation (12-16h)
Cells detaching Trypsinization stress + transduction Plate cells 24h before transduction
Uneven transduction Media volume too high Use minimum volume for cell coverage

06 REAGENT & STORAGE ISSUES

6.1 HIiTE Activity Loss

Symptoms: Previously working lot now shows reduced activity

Root Cause: Degradation from improper storage or excessive freeze-thaw

Stored at wrong temperature Store at -80°C (long-term) or -20°C (short-term) Check freezer logs

>3 freeze-thaw cycles Aliquot upon first thaw Track cycles per aliquot
Prolonged room temp exposure Keep on ice during use Thaw fresh aliquot
Product expired Check expiration date on vial Use within shelf life
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6.2 Precipitation or Cloudiness

Symptoms: Visible particles, cloudiness, or aggregation in solution

Root Cause: Aggregation from freeze-thaw, contamination, or incompatibility

Protein aggregation Brief centrifuge (10,000xg, 1 min); use supernatant Compare clarity to fresh stock
Buffer incompatibility Dilute only in sterile water or compatible buffer Avoid high-salt buffers

Microbial contamination Discard and use fresh sterile aliquot Work in BSC; use sterile technique
Freeze-thaw damage Aliquot to avoid multiple cycles Use fresh single-use aliquot

! Minor haziness after thawing may resolve with gentle mixing. However, visible particles or persistent

cloudiness warrant using a fresh aliquot.

6.3 Reconstitution Problems (Lyophilized Product)

Symptoms: Powder not dissolving, variable concentration

Root Cause: Incorrect reconstitution procedure

Powder stuck to vial walls Centrifuge briefly before opening Visual confirmation of pellet

Allow 15 min rehydration; pipette 10x to

Incomplete dissolution Check for visible particles

mix
Wrong diluent used Use only sterile water (not PBS or saline) Verify diluent specification
Incorrect volume added Calculate volume carefully for 10x Double-check calculation

Reconstitution Protocol:

1. Centrifuge vial briefly to collect contents at bottom

2. Calculate volume of sterile water needed for 400 uM stock (see CoA for mg amount)
3. Add sterile water in BSC using filtered pipette tips

4. Allow to rehydrate at room temperature for 15 minutes

5. Mix by pipetting up and down at least 10 times

6. Aliquot into single-use volumes (recommend 50-500 pL)

7. Store aliquots at -80°C immediately
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07 DETECTION & ANALYSIS ISSUES

7.1 False Low Efficiency (Detection Problem)

Symptoms: Low efficiency measured, but cells appear healthy and express transgene

Root Cause: Detection method issues, not actual low transduction

Review gating strategy; use FMO

Flow cytometry gating incorrect Compare to known positive

controls
Antibody not working Verify antibody lot; use fresh aliquot Run isotype control
Fluorescent protein not matured Wait 48-72h post-transduction GFP/mCherry need time to fold
Transgene silencing Check promoter; some silence over time  Test at multiple timepoints

NOTE: Always assess transgene expression at 72h minimum. Fluorescent proteins require 24-48h for chromophore
maturation after translation.

7.2 False High Efficiency (Artifact)

Symptoms: Unrealistically high efficiency (>90%) or positive signal in negative controls

Root Cause: Autofluorescence, non-specific staining, or contamination

Autofluorescence Include unstained control; adjust voltage Test in PE or APC channel
Dead cells fluorescing Add viability dye; gate on live cells 7-AAD or PI exclusion

Non-specific antibody binding Increase washing; use Fc block Isotype control comparison
Cross-contamination of wells Work carefully; change tips between wells  Review pipetting technique

7.3 Discrepancy Between Methods

Symptoms: Flow cytometry and gPCR results don't match

Root Cause: Methods measure different things

Flow measures protein, gqPCR measures DNA Both are valid; they measure different things Report both metrics
High VCN but low expression Multiple integrations but poor transcription Check promoter activity
High expression but low VCN Single high-expressing integration Optimal outcome

Recommended Detection Methods:

Transduction Efficiency (%) Flow Cytometry 72h post-transduction ~ Gate on live cells

7-14 days post-

Vector Copy Number (VCN) gPCR (ddPCR preferred) After integration stabilizes

transduction
Transgene Expression Flow/Western/qRT-PCR 72h+ post-transduction Depends on transgene
Cell Viability Flow (viability dye) or hemocytometer  72h post-transduction  Include in every experiment
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08 PROTOCOL OPTIMIZATION MATRIX

Use this matrix to systematically optimize your transduction protocol. Start with recommended conditions, then adjust

one variable at a time.

8.1 Recommended Starting Conditions

HIiTE Product HIiTE-T HITE-NK HIiTE-iPSC HIiTE-T or Eval Kit
Concentration 80 uM (1:5) 80 uM (1:5) 40 uM (1:10) 40 uM (1:10)

MOI 5-10 10-20 5 2-5

Cell Density (96-well) 1x10%well 1x10%well 2x10%well 2x10%well

Media Change 72h 72h 24h 72h

Spinfection Optional (800xg) Optional (800xg) Not required Not required

8.2 Optimization Titration Guide

If starting conditions don't work, test these ranges:

T e L e g e

Start medium; adjust based on

HIiTE Concentration 20 uM (1:20) 40 puM (1:10) 80 uM (1:5) results
MOI 1-2 5-10 20-30 Higher is not always better
Cell Density 5x10° 1x10* 2x10* Per well of 96-well plate

. 72h is standard; if cells are
Media Change 8h 24h 72h sensitive reduce timing to 8-24 hr
Spinfection (ifused)  400xg, 30 min 800xg, 60 min  1500xg, 90 min Hgher force = more stress; not

recommended for adherent cells

8.3 Suggested Optimization Plate Layout

For systematic optimization, use this 96-well plate design:

_ Col 1-3: MOI 5 Col 4-6: MOI 10 Col 7-9: MOI 20

Row A HIiTE 20 pM (1:20)
Row B HIiTE 40 pM (1:10)
Row C HITE 80 pM (1:5)
Row D HITE 120 uM (1:3.3)
Row E No Enhancer
Row F Positive Control
Row G Untransduced

+ TIP: Change only ONE variable at a time. This allows you to identify which parameter is affecting results.
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09 PRE-EXPERIMENT CHECKLIST

Complete this checklist before every transduction experiment to minimize troubleshooting needs.

Reagent Verification

[0 HITE aliquot retrieved from -80°C storage

[0 HITE lot number and expiration date recorded

1 HITE freeze-thaw cycles <3

[ Viral vector aliquot thawed; titer verified

[ Viral vector freeze-thaw cycles <2

[0 Complete medium prepared fresh (within 2 weeks)

] Cytokines at correct concentration (if applicable)

Cell Preparation

O Cell viability >95% before starting

[ Cell passage number within optimal range

1 Cell density calculated correctly

[ Cells activated (for primary T cells): CD25/CD69 checked
O No visible contamination or debris

[ Cells harvested gently to minimize stress

Protocol Setup

[ Plate layout planned with all controls

[0 HITE dilution calculated (40-80 uM final)

O MOI calculated; vector volume determined

[ Pipettes calibrated and appropriate tips available
O Incubator verified at 37°C, 5% CO,

[ Media change scheduled for Day 3 (or Day 1 for sensitive cells)

Controls Included

[ Untransduced cells (cells only, no virus, no HITE)
0 No-enhancer control (cells + virus, no HiTE)

1 Optional: Positive control cell line
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Documentation Ready

] Notebook/ELN open for recording
] Lot numbers for all reagents noted
1 Planned readout timepoints scheduled

] Analysis method and gating strategy defined

10 WHEN TO CONTACT SUPPORT

Our technical support team is here to help. Contact us if you've worked through this troubleshooting guide and still have

issues: support@hitebio.com

10.1 Contact Support Immediately If:
* Product appears defective (precipitated, discolored, or contaminated)
 Shipping damage or temperature excursion indicated
* Results dramatically different from CoA specifications

* Suspected lot-to-lot performance variation

10.2 Contact Support After Troubleshooting If:
* You've tested multiple HiTE concentrations without improvement
* You've verified viral vector quality but still see low efficiency
* You need help with a novel cell type not covered in this guide

* You want protocol optimization assistance for scale-up

10.3 Information to Include in Support Request

Category Information Needed

Product HITE product name, lot number, expiration date

Storage How product was stored, freeze-thaw cycle count
Cells Cell type, source, passage, viability pre-transduction

Protocol HIiTE concentration, MOI, volumes, incubation time
Results Efficiency %, viability %, CV between replicates

Controls Results of untransduced and no-enhancer controls
Vector Viral vector type, titer, storage conditions

Analysis Detection method, timepoint, gating strategy

Support Contact Information

TECHNICAL SUPPORT

Email: support@hitebio.com
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